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FDA OVERSIGHT: BLOOD SAFETY AND THE
IMPLICATIONS OF POOL SIZES IN THE MAN-
UFACTURE OF PLASMA DERIVATIVES

THURSDAY, JULY 31, 1997

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON HUMAN RESOURCES,
COMMITTEE ON GOVERNMENT REFORM AND OVERSIGHT,
Washington, DC.

The subcommittee met, pursuant to notice, at 10:05 a.m., in room
2247, Rayburn House Office Building, Hon. Christopher Shays
(chairman of the subcommittee) presiding.

Present: Representatives Shays, Snowbarger, Pappas, Towns and
Kucinich.

Ex officio present: Representative Burton.

Staff present: Lawrence J. Halloran, staff director and counsel,
Anne Marie Finley, professional staff member; R. Jared Carpenter,
clerk; Cherri Branson, minority counsel; and Ellen Rayner, minor-
ity chief clerk.

Mr. SHAYS. I would like to call this hearing to order.

Welcome to our witnesses and our guests. To minimize the risk
of injury or death in the event of an emergency, the fire safety laws
set a maximum on the number of people allowed in this room.

This was not a good way to open.

Surprisingly, the blood safety laws don’t contain the same type
of common-sense safeguard. There are currently no limits on the
number of blood plasma donations combined into the pools from
which therapeutic proteins are extracted or fractionated. In the
event of an emergency such as the appearance of a new blood-borne
infectious agent, excessively large plasma pools increase the risk of
disease transmission to the users of plasma-derived products, and
make recalls more difficult.

A user of a single dose of a fractionated product today may be
exposed to plasma from as many as 400,000 donors. Pool sizes vary
widely from company to company, product to product, lot to lot,
dose to dose. There is no standard.

Patients are not routinely informed of the risks associated with
plasma pool sizes. Last year, in our oversight report on blood safe-
ty, we recommended, among other steps, that plasma fractionators
should limit the size of plasma pools, with pool sizes determined
aF mliCh by public health risk factors as by production economies
of scale.

Today, we ask Federal public health agencies, blood product con-
sumers, and the plasma industry what progress has been made
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bringing safety considerations to bear and setting practical upper
limits on plasma pool sizes. For some products, pooling is bene-
ficial, even required, to capture a broad range of antibodies, for ex-
ample, or to extract a sufficient volume of a scarce protein. For
other products, however, there is an undeniable and direct relation-
ship between the number of donors in the plasma pool and the risk
of exposure to an undetected infectious agent.

Tragedy taught us that lesson. In the early 1980’s, new hepatitis
strains and the human immunodeficiency virus, HIV, slipped into
the blood supply. Thousands died. Hundreds of thousands were ex-
posed to Hepatitis C, many of whom have never been told of their
possible infection.

Now other viral agents, and perhaps prion diseases, pose similar
threats to the safety of the blood supply. Yet the risks presented
by pool sizes have not been addressed.

Why? Because some believe pool size limits are unnecessary,
even imprudent. Others tell virtually any production pool limits
will have long-term negative effects on the availability and costs of
needed medical therapies. One recent study concluded pool size re-
ductions offer only marginal added safety for frequent and chronic
plasma product users. This study suggests as much or more could
be achieved by focusing on other aspects of the blood safety sys-
tem—donors screening, viral inactivation, more aggressive disease
surveillance.

But the vigilance required to maintain a safe blood supply de-
mands we avoid false choices between safety and supply, and pur-
sue every reasonable risk reduction strategy. Given the known
vulnerabilities of the donor screening and product recall process, it
is not plausible to expect those aspects of the safety system to bear
all the burden of excluding or retrieving the infectious agents
present in plasma products as a function of pool size. As long as
production pool sizes remain the only aspect of the entire process
not in any way delimited by some safety considerations, we tolerate
avoidable risk. This is intolerable.

Plasma pool size limits could serve as a fire wall against the
spread of a new infectious agent, particularly one that is not yet
widely distributed or for which no detection or inactivation tech-
nology has been developed. However transitional or brief, the
added safety margin afforded by practical pool size limits could last
some plasma product users a lifetime.

We are fortunate, and grateful, to have witnesses before us today
who are expert in every aspect of this issue: public health, clinical
usage, safety, efficacy, blood supply, and cost. The subcommittee
appreciates their being here today, and we look forward to their
testimony.

At this time, I recognize the gentleman from New Jersey.

[The prepared statement of Hon. Christopher Shays follows:]
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Statement of Rep. Christopher Shays
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To minimize the risk of injury or death in the event of an emergency, the fire safety laws
set a maximum on the number of people allowed in this room.

Surprisingly. the blood safety laws don’t contain the same type of common sense
safeguard. There are currently no limits on the number of blood plasma donations combined into
the pools from which therapeutic proteins are extracted, or fractionated. In the event of an
emergency, such as the appearance of a new blood-bome infectious agent, excessively large
plasma pools increase the risk of disease transmission to the users of plasma-derived products,
and make recalls more difficult.

A user of a single dose of a fractionated product today may be exposed to plasma from
as many as 400,000 donors. Pool sizes vary widely, from company to company, product to
product, lot to lot, dose to dose. There is no standard. Patients are not routinely informed of the
risks associated with plasma pool sizes.

Last year, in our oversight report on blood safety, we recommended, among other steps,
that “Plasma fractionators should limit the size of plasma pools, with pool sizes determined as
much by public health risk factors as by production economies of scale.”

Today we ask federal public health agencies, blood product consumers and the plasma
industry what progress has been made in bringing safety considerations to bear in setting
practical upper limits on plasma pool sizes.
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For some products, pooling is beneficial, even required, to capture a broad range of
antibodies, for example, or to extract a sufficient volume of a scarce protein. For other products,
however, there is an undeniable and direct relationship between the number of donors in the
plasma poot and the risk of exposure to an undetected infectious agent.

Tragedy taught us that lesson. In the early 1980s, new hepatitis strains and the human
immunodeficiency virus (HIV) slipped into the blood supply. Thousands died. Hundreds of
thousands were exposed to Hepatitis C, many of whom have never been told of their possible
infection.

Now other viral agents, and perhaps prion diseases, pose similar threats to the safety of
the blood supply. Yet the risks presented by pool sizes have not been addressed.

Why? Because some believe pool size limits are unnecessary, even imprudent. Others
tell us virtually any production pool limits will have long term, negative effects on the
availability and cost of needed medical therapies. One recent study concluded pool size .
reductions offer only marginal added safety for frequent and chronic plasma product users. The
study suggested as much, or more, could be achieved by focusing on other aspects of the blood
safety system -- donor screening, viral inactivation, more aggressive disease surveillance.

- But the vigilance required to maintain a safe blood supply demands we avoid false
choices between safety and supply, and pursue every reasonable risk reduction strategy. Given
the known vulnerabilities of the donor screening and product recall processes, it not plausible to
expect those aspects of the safety system to bear all the burden of excluding or retrieving the
infectious agents present in plasma products as a function of pool size. As long as production
pool size remains the only aspect of the entire process not in any way delimited by some safety
considerations, we tolerate avoidable risk. That is intolerable.

Plasma pool size limits could serve as a firewall against the spread of a new infectious
agent, particularly one that is not yet widely distributed or for which no detection or inactivation
technology has been developed. However transitional or brief, the added safety margin afforded
by practical pool size limits could last some plasma product users a lifetime.

We are fortunate, and grateful, to have witnesses before us today who are expert in every
aspect of this issue: public health, clinical usage. safety, efficacy, product supply and cost. The
Subcommittee appreciates your being here, and we look forward to your testimony.
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Mr. PApPAS. Thank you, Mr. Chairman. I, too, want to thank the
panelists for being here. I am equally as interested in this issue.
I appreciate the chairman’s leadership in calling this matter.

Mr. SHAYS. Thank you.

I ask unanimous consent that all members of the subcommittee
be permitted to place any opening statement in the record and that
the record remain open for 3 days for that purpose.

And without objection, so ordered.

I ask unanimous consent that all witnesses be permitted to in-
clude their written statements in the record, and without objection,
so ordered.

And I will just mention that the ranking member wanted us to
proceed, but we may interrupt your testimony to allow him to
make a statement and to put it in the record.

At this time, the committee calls before us panel one: David
Satcher, Director, Centers for Disease Control and Prevention; Paul
Brown, senior Research Scientist, Laboratory of Central Nervous
System Studies, National Institute of Neurological Disorders and
Stroke, National Institutes of Health; and Kathryn Zoon, Director
of Center for Biologics Evaluation and Research, Food and Drug
Administration.

At this time, we are going to let our ranking member take his
breath, sit down, and make a statement.

Mr. TowNs. Mr. Chairman, for the first time in all the years you
have known me, I would just like to submit my statement for the
record and let you move forward with the witnesses.

Mr. SHAYS. OK. Thank you. I acknowledged that you allowed us
to start earlier and we thank you because we have a long and very
interesting day.

[The prepared statement of Hon. Edolphus Towns follows:]
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Mr. Chairman, [ want to thank you for holding today’s hearing 10 examine the role of
plasma pool size and the potential connection between CJD disease and the safety of the blood
supply.

In preparation for this hearing, 1 was surprised to learn that there are over 500 products
which use plasma products or derivatives either in manufacturing or formulation. Clearly, each
- dose of each product may present a risk unless proper precautions have been taken. It is my
understanding that FDA has recognized the potential risk and has recommended limiting the size
of plasma pools. Therefore. | hope that today we hear from government and industry about a
1 ble th le to impl those recc dati

But the issue of plasma pool size is only ong of the reasons we are here today. The
underlying fear driving questions about the size of plasma pools. the safety of the blood supply
and the possible transmission of CJD has to do with the lack of action on AIDS. [n 1993, the
Department of Health and Human Services asked the Institute of Medicine (IOM) to study the
spread of HIV through the blood supply in the early 1980's. In its 1995 report, the IOM
concluded that “a failure of leadership and inadequate decision-making processes” led to the
almost unrestrained spread of this fatal disease. As a resuit of a lack of governmental action in the
“early davs of the AIDS outbreak. thousands of people may have needlessly suffered and died.
The AIDS experience revealed the vulnerability of the blood supply and the weakness of the
public health system. No one wants to see those kinds of mistakes happen again.

Therefore. the first question that we must ask here today is whether there are any
similarities between CJD and AIDS. It is my understanding that available evidence suggests that
CJD is not transmissible in humans through blood or blood products, Some recent evidence may
suggest that the disease may be transmissible through blood in rodents. We should further
examine that connection, However. we should note that the agent that causes CID seems to



resist current methods used in the current purification process. Between 1983 and 1997, thirty-
four reports were received and 37 donors were diagnosed with CJD. From the reports that we
have received. it appears that these numoers are stable. However. we do not really know

Mr. Chairman, we do not know because although we have given CDC the responsibility of
collecting information on the appearance of new diseases and the growth of known diseases, we
have failed to provide them with the resources to adequately perform that function. Although the
CDC has some resources to track some diseases and is currently establishing active surveillance
programs in six states. clearly we have not given them the funds they need to establish a
comprehensive program which can track emerging or known diseases on a national basis. It is my
understanding that the CDC is heavily dependent on voluntary collaboration with state and Jocal
hexlth departments which in turn depend on physician reporting of a limited number of specific.
recognized infectious diseases. Because people in every link along this voluntary reporting chain
are more concerned with treating patients. these reports are often incomplete. Because federal
resources are not provided to state and local health departments to support a national, active
surveiilance and notification system our ability to diagnosis and control infectious diseases is
severely limnited. While [ share vour concern about CJD as a future threat. 1 am also concerned
about the current threat presented by tuberculosis. measles and other common diseases.

Mr. Chairman, if we fearn anything from the AIDS epidemic, I believe we shouid learn the
value of effective public health notification and active surveillance. [ urge you to join with me in
assuring that adequate funding for this kind of system is obtained.
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Mr. SHAYS. I have called our witnesses and they are at the table.
As you know, we swear in everyone, including Members of Con-
gress who come and testify. And at this time, I would ask you to
stand and raise your right hand.

Let me also say if there is anyone on your staffs who you think
might want to respond to a question, we will take their names if
they do testify. But this way we don’t have to swear them in twice
or do it a second time. So if you all would raise your right hand.

[Witnesses sworn. ]

Mr. SHAYS. OK. For the record, everyone standing answered in
the affirmative.

This is a very important issue and one in which we appreciate
having such expert witnesses. We will proceed in the order I called
you: Dr. Satcher, then Dr. Brown and Dr. Zoon.

Dr. Satcher, we are going to try to stay within the bounds of 5
to 10 minutes. I will roll the 5-minute over, it will turn red, and
then we will roll it over. But if we can stay close to 5, but if you
go over a little bit that is all right.

STATEMENTS OF DAVID SATCHER, M.D., Ph.D., DIRECTOR,
CENTERS FOR DISEASE CONTROL AND PREVENTION, AC-
COMPANIED BY MARY CHAMBERLAND, BRUCE EVATT, AND
LAWRENCE SCHONBERGER; PAUL W. BROWN, M.D., SENIOR
RESEARCH SCIENTIST, LABORATORY OF CENTRAL NERV-
OUS SYSTEM STUDIES, NATIONAL INSTITUTE OF NEURO-
LOGICAL DISORDERS AND STROKE, NATIONAL INSTITUTES
OF HEALTH; AND KATHRYN ZOON, Ph.D., DIRECTOR, CENTER
FOR BIOLOGICS EVALUATION AND RESEARCH, FOOD AND
DRUG ADMINISTRATION

Dr. SATCHER. OK. Thank you very much, Congressman Shays
and members of the subcommittee. I am David Satcher, Director
for the Centers for Disease Control and Prevention. I'm accom-
panied by Drs. Mary Chamberland, Bruce Evatt, and Lawrence
Schonberger. We're pleased to be here this morning to discuss
issues regarding plasma pool size and surveillance efforts related
to Creutzfeldt-Jakob disease, CJD, and the blood supply.

The Nation’s blood supply is safer than it’s ever been. However,
the blood supply continues to face infectious disease challenges
from both recognized and unrecognized threats.

Since I last addressed the committee on this subject, in Novem-
ber 1995, CDC has implemented a number of steps to improve our
ability to monitor and respond to potential threats to the blood sup-
ply. CDC has developed new and enhanced other surveillance sys-
tems. We have created a full-time position occupied by Dr.
Chamberland to facilitate intra- and interagency coordination of
CDC’s blood safety activities. In addition, CDC continues to partici-
pate actively in various departmental and agency committees re-
lated to blood safety.

The risks for infectious diseases associated with plasma products
have decreased dramatically since the introduction of donor screen-
ing and testing and effective viral inactivation procedures. Many
viruses are efficiently inactivated. Unfailing adherence to and re-
finements of inactivation procedures, combined with donor screen-
ing, are our most critical safeguards for plasma products. However,
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blood products made from plasma do carry risks for transmission
of bloodborne infectious agents that cannot be eliminated through
current inactivation practices. One strategy that has been proposed
is to limit the number of individual donors who contribute to the

1a1;1gﬁ plasma pools. . . . . o
e relationship between pool size and infectious disease risk is

very complex and will not reduce infectious disease risk in certain
situations. Nonetheless, CDC believes that setting an upper limit
on the number of individual donors who contribute to pools used
in the manufacturing of plasma products would be beneficial.
Smaller pool size would provide an increased margin of safety to
persons who receive infrequent infusions of plasma products. An in-
dustry-wide standard would have to be established. FDA is in the
best position to work with industry to define an upper limit and de-
termine how it can be implemented most expeditiously. It will be
critical to ensure that our efforts to improve the safety of blood

products do not result in interim product shortages.
Now concerning CJD, regarding potential transmissibility of CJD

by blood and blood products, as Dr. Schonberger testified in Janu-
ary 1997, I reiterate CDC’s assessment that the risk of trans-
mission of CJD by blood and blood products is extremely small, if

it exists at all. )
e most direct reason for concern comes from experimental

studies demonstrating the possible occasional presence of CJD
agents in the blood of infected patients and the infectivity of blood
when injected into animals. Some of these studies were conducted

by Dr. Paul Brown from NIH who is on the panel today. .
From animal studies we cannot directly infer that there is any

risk of transmission of CJD by blood transfusion. To help answer
these questions it is necessary to focus on available surveillance
and epidemiologic data. CDC conducts routine surveillance for CJD
through review of national mortality data that demonstrate stable
annual rates for 16 years, from 1979 to 1995, and no case of CJD
among persons with hemophilia. CDC also has undertaken to sup-
plement its routine surveillance of CJD with an increased focus on

persons with hemophilia. ) .
Specifically regarding persons with hemophilia, CDC expanded

its collaboration with hemophilia treatment centers by active solici-
tation for any case reports of CJD and by facilitating neuro-
pathologic examination of brain tissue from deceased hemophilia

patients to look for signs of CJD, ) ) o
Finally, CDC is assisting the American Red Cross in coordinating

a long-term study of persons who receive blood components from
donors who are subsequently reported to have been diagnosed with

D.
So how effective are CDC’s_surveillance efforts? .
1s aware of two studies which indicate that routine mor-

tality surveillance has good sensitivity for detecting CJD cases.
One study found that 80 percent, another found 86 percent of con-
firmed CJD cases could be ascertained by review of death certifi-

cates.
Our efforts to supplement routine surveillance for CJD with fo-

cused activity in hemophilia treatment centers have had varying
success—obtaining brain tissue from deceased hemophilia patients
to examine for evidence of CJD is challenging.
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CDC has developed a number of approaches to increase the level
of participation by treatment centers and the number of brain au-
topsies performed on persons with hemophilia who die with
neurologic disorders. CDC has begun direct funding of treatment
centers in order to implement a nationally coordinated prevention
program to reduce complications of hemophilia.

In these centers, we are phasing in our nationwide monitoring
system, the Universal Data Collection System, which should cap-
ture bloodborne infections occurring in patients and improve par-
ticipation in CJD surveillance activities.

So in conclusion, Mr. Chairman, ensuring the safety of the Na-
tion’s blood supply is an important public health priority and one
to which CDC remains strongly committed to address. Enhanced
surveillance can play an important role in helping to ensure the
safety. Surveillance data have certain limitations and must be in-
terpreted with caution; however, these data provide increasing sup-
port for CDC’s conclusion that the risk of transmission of CJD by
blood products in humans is extremely small and, in fact, remains
theoretical. Periodic reevaluation of data will undoubtedly provide
a stronger scientific basis for modifying public health procedures on
CJD and blood safety in the future.

In regards to pool size, CDC concurs with FDA’s proposal that
some upper limit on pool size be established. We urge careful delib-
eration be undertaken by public health officials, by industry and
consumers in advance of implementing pool size limitation to en-
sure that the supplies of these life saving products are not general-
ized.

It is a critical issue. Thank you for the opportunity to testify be-
fore the subcommittee. And I will be happy to respond to any ques-
tions.

Mr. SHAYS. Thank you, Dr. Satcher.

[The prepared statement of Dr. Satcher follows:]
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Good morning. Tam Dr. David Satcher, Director of the Centers for Disease Control and
Prevention (CDC). Iam accompanied by Dr. Mary Chamberland, Dr. Bruce Evatt and Dr.
Lawrence Schonberger with CDC’s Nationaln Center for Infectious Diseases. We are pleased to
be here this morning to discuss with you issues related to blood safety; specifically, the safety
implications of plasma pool sizes and our surveillance efforts related to Creutzfeldt-Jakob Disease
{CID) and the blood supply.

As the report published nearly a year ago by this subcommittee found, the Nationy’s blood
- supply is safer than it has ever been. However, the blood supply continues to face infectious
disease chatlenges from both recognized, as well as unknown threats. Ensuring that the Nation's
supply of blood:and blood producisis frée of infectious agents is a public health responsibility
shared within the Department of Health and Human-Services (HHS) by CDC, the Food and Drug
Administration (FDA), and the National Institutes of Health (NIH). While CDC has no
regulatory responsibility for blood safety, as the Nation's Prevention Agency, it has the expertise
and responsibility for surveillance and detection of public health risks associated with receipt of
blood aad blood products. In collaboration with FDA, CDC also keeps the public informed
concerning such risks.

Since I last addressed the subﬁommittea in November 1995 on this subject, CDC has
implemented a number of steps to improve our ability to monitor and respond to potential threats
to the blood supply in the United States. Blood safety is a priority area in CDC’s strategy to

prevent emerging and reemerging infectious di CDC has enhanced t of its

surveillance systems, including those that monitor infections in persons who have hemophilia.
CDC has also developed new surveillance programs, such as the system to detect bacteria-

associated transfusion reactions that was described in a recent Morbidity and Mortality Weskly
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Report (MMWR). This past year, CDC, in collaboration with FDA, responded rapidly to conduct
a number of epidemiologic and laboratory investigations, including bacterial sepsis associated with
contamination of intravenous albumin and possible exposure to porcine parvovirus among persons
receiving porcine factor VIII concentrate. CDC has also created a full-time position, occupied by
Dr. Chamberland, to facilitate intra- and in‘teragency coordination of CDC’s blood safety
activities. In addition, CDC continues to participate actively in the PHS Hteragmw Working
Group on Blood Safety; the HHS Blood Safety Committee, the FDA Blood Products Advisory
Committee and Transmissible Spongiform Encephalopathy Advisory Committee, and the newly
formed HHS Advisory Committee on Blood Safety and Availability.

You have asked me to address two specific issues related to blood safety. The first is the
relationship between plasma pool size and the risk of infectious diseases; the second is the
effectiveness of surveillance efforts to detect CJD in the blood supply and the experimental work

that suggests the potential for transmission of CJD through blood products.

Infectious Disease Risks Associated with Plasma Pool Size

The risks for infectious diseases associated with plasma products such as albumin,
immunoglobulins, and clotting factor concentrates, have decreased dramatically since the
introduction of donor screening and tegting, and most importantly, effective virus inactivation
procedures. Viruses, including human immunodeficiency virus (HIV), hepatitis B virus (HBV),
and hepatitis C virus (HCV) are readily and efficiently inactivated by such procedures. Since
implementation of these inactivation procedures beginning in the mid-1980s, transmissions of

HIV, HBV, and HCV by U.S. licensed products have been virtually eliminated in recipients of
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clotting factor concentrates. Prior to this, clotting factor concentrates carried a substantial risk of
transmitting HBV and HCV infection; and most tragically, nearly 10,000 persons with hemophilia

were infected with HIV in the early 1980s. Unfailing adh to chemical and physical

inactivation procedures and their further refinement, combined with donor screening, are our most
critical safeguards for plasma produéts.

Despite screening and viral inactivation techniques, blood products made from plasma
carry risks for transmission of other bloodborne infectious agents. For example, clotting factor
concentrates made from human plasma are still known to commonly transmit human parvovirus
B19 and, in rare instances, hepatitis A, These infections are extremely resistant to the viral
inactivation practices used in current manufacturing processes. In addition, the potential exists
for other, as yet unknown agents, to be transmitted if their infectivity cannot be eliminated
through current inactivation practices. One strategy that has been proposed is to reduce or limit
the number qf individual donors who contribute to the large pools of plasma that are used in the
manufacture of these products. Typically, a single vial of a plasma derived product, such as
immunoglobulin or clotting factor, contains plasma from more than 10,000, and perhaps as many
as 400,000 or more different donors.

The relationship between pool size and infectious disease risks is very complex. On the

pne hand, limiting pool size is of little benefit for infections of high frequency in the donor

il £

population, and especially for persons who receive or freq infusions over a long

period. In both of these situations, exposure to infectious pathogens that are resistant to
inactivation would not be reduced. Also, use of larger pools is necessary for some products such

as immunoglobulins, which require a minimum of 1,000 donors to ensure that persons receive an
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adequate variety of aﬁtibodies. On the other hand, although the issue of pool size is relatively
urimportant for known infections such as HIV, HBV, and HCV that are readily inactivated during
processing, the large number of donors needed to produce these blood products automaticaily
increases the risk for exposure to other iz;fectious agents that are not inactivated. This is true for
persons who receive a single or infrequent infusion (e.g.; intramuscular immunoglobulin} -~ a

- smaller pool size would reduce their risk of transmission of bloodborne infections. In addition,
use of smaller volume pools by mgnufacturers could result in less disruption of supplies of blood
derivatives and less expense in the event lot(s) of product are recalled, since fewer recipients
would be involved.

CDC believes that setting an.upper limit on the number of individual donors who
contribute to pools used in the manufacturing of plasma products would be beneficial. Smaller
pool sizes would provide an increased margin of safety to persons who receive single or
infrequent infusions of plasma products. In addition, an industry-wide standard would be
established. FDA is in the best position to work with industry to define an upper limit and

-determine how it can be implemented most-expeditiously. If production pracﬁces require a large
volume, one approach would be for manufactures to create pools made from repeat donations.
This would decrease the number of donors inva pool without reducing the volume of the pool and
the amount of available product, even after quality control testing. Whatever strategies or
manufacturing changes are initiated, it will be critical to ensure that our efforts to improve the

safety of blood products do not result in interim product shortages.
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Creutzfeldt-Jakob Disease

In January 1997, Dr. Lawrence Schonberger summarized for the subcommittee available
epidemiologic information about the potential transmissibility of CJD by blood and blood
products. I would like to review the major points of his testimony as well as reiterate CDC’s
assessment that the risk of transmission of CJD by blood and blood products is extremely small, if
it exists at all.

CDC understands the concern of the subcommittee and others about the potential
transmissibility of CJD by blood and blood products. CID is an invariably fatal brain disease that
is caused by an unconventional agent. Disinfection is unusually difficult. Incubation periods are
long -- measured in years; and there is no practical screening test to identify those who are
incubating the disease. In addition, since the 1970s, cases of CID associated with medical
procedures, such as those caused by infected pituitary-derived growth hormone and dura mater
grafts, have been increasingly recognized.

Th.e most direct reason for concern about the risk of transmitting CJID by blood products
are laboratory and experimental studies. These studies have demonstrated the possible,
occasional presence of the CJD agent in minimal amounts in the blood of infected patients and
have demonstrated the infectivity of blood throughout most of the incubation period in two
different rodent models of CJD. Studies also have demonstrated the infectivity of the buffy coat
(i.e., that part of blood that contains white blood cells and platelets), the plasma, and some
derivatives from plasma, particularly cryoprecipitate, when injected into the brains of animals. In
at least one study, CJD was transmitted in an animal model by intravenous inoculation of blood

from a sick animal. Some of these studies have been conducted by Dr. Paul Brown from the NIH.
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How closely animal models mimic human CID, particularly the infectivity of blood
throughout most of the incubation period, is not known; nor can we directly infer from them the

risk, if any, of tr ission of CJD by transfusion of blood and blood products. To help answer

these critical questions, it is necessary to focas on available epidemiologic data.

First, CDC is aware of no compelling evidence for any instance of transmission of CID
to a human recipient by blood or blood products. The absence of such case reports contrasis to
what happened in the United States in the 1980s, when reports first appeared describing
transmission of CID by pituitary-derived growth hormone and by 2 conumercial brand of dura
mater grafis. Further, the recent report from the United Kingdom of the possible spread of
Bovine Spongiform Encephalopathy (BSE) to humans in the form of a new variant of CJD has
increased physician and public awareness about CID.

Second, case control studies are often the most practical epidemiologic studies for
identifying risk factors for rare disease, such as CID, The results of at least five such studies have
consistenitly demonstrated that a history of a blood transfusion is not a risk factor for CID. In
none of these studies were patients with CID more likely to have a history of blood transfusion
than control subjects.

Third, CDC conducts routine surveillance for CJD through ongoing review of national
mortality data. Results from 1979-1995 indicate that annual rates of CJD have remained stable
{at about 1 case per miﬁion population). Thus, despite regular blood donation by persons who
subsequently develop CID, blood transfusions do not appear to be amplifying CID infections in
the U.S. population. None of the 3,905 reported cases of CJD was also reported to have

hemophilia, thalassemia, or sickle cell disease -- diseases associated with increased exposure to
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blood or blood products, such as clotting factor concentrates and/or cryoprecipitate. Because
many such patients are exposed to blood products at a very early age, it is noteworthy that no
CID cases were reported in persons 5-19 years of age in the United States during this 17 year
period.

Fourth, CDC has undertaken to supplement its routine surveillance for CID with an
increased focus on persons with herﬁop!ﬁlia, As part of this effort, CDC expanded its
collaboration with hemophilia treatment centers beginning in October 1995 by: 1) active
solicitation of more than 140 centers for any case reports of CID; and 2) facilitating
neuropathological examinations of brain tissue from deceased hemophilic patients with neurologic
disorders to look for signs of CID and the presence of the agent thought to cause the discase.
Despite active solicitation of treatment centers, as well as efforts to increase providers’ awareness
about CID through educational ssvmposia at national hemophilia meetings, no center has reported
a patient with clinical CYD. CDC continues to make foflow-up inquiries to the largest of these
centers. Suitable autopsy material from 30 persons with hemophilia has been received to date.
Neuropathological examination has been completed for 26 of these persons; none had evidence of
CiD.

Finally, to further enhance the evidence derived from routine surveillance, CDC is assisting
the American Red Cross in coordinating a long-t’erm, follow-up study of recipients who received.
blood components from donors who were subseduenﬂy reported to have been diagnosed with
CID. Using primarily the national death index through 1995, the vital status of 178 recipients of
transfusable blood components from 14 donors who subsequently developed CID was

determined; none of these recipients were reported to have died of CJID. Among these recipients,
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41 persons lived 5 or more years after their transfusion, including nine who lived as long as 13 to
24 years.

Data from two additional sources have demonstrated similar findings. First, the Puget
Sound Blood Center and Program in Seattle has shared with CDC followup data from a cohort of
101 persons who each received more than 100 units of cryoprecipitate for a bleeding disorder
between 1979 and 1983. Cryoprecipitate is the blood component that contained the highest tifers
of the CJD agent in the recently reported animal model experiments. It has been estimated that
several thousand persons with hemophilia nationwide have been treated with at least some
cryoprecipitate; however, the Puget Sound patients were treated primarily with cryoprecipitate.
Of these 101 persons, 76 remain alive 2 minimum of 11 to 17 years afier receipt of
cryoprecipitate; none of the 25 persons who have died were reported to have developed CID.
The second study was done in Germany; none of 27 patients who definitely, or eight who
probably, received a unit of blood from a CID doner died of CID. At least 13 of these patients
survived 10 years or longer after the transfusion.

You have asked that I specifically address the effectiveness of our efforts to detect CID
that may be related to receipt of blood and blood products. CDC is aware of two studies which
indicate that routine mortality surveillance has good sensitivity to detect CJD cases. The first
study, conducted in 11 states, found that 80 percent of all neuropathologically confirmed cases of
CID during 1986-1988 could be ascertained by review of death certificates. The second study
was conducted in early April 1996 in four Emerging Infections Program sites in three states and

- two metropolitan areas as part of active surveiliance for the newly reported variant of CJD and

physician-diagnosed cases of CJD. In these surveillance areas, greater than 90 percent of all

8
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pathologists, neurologists, and neuopathelogists were contacted. Of the 94 CJD deaths identified
during 1991-1995, 81 (86 percent) were found from death certificate review. These findings were
reported in the CDC’s MMWR on August 9, 1996.

Qur efforts fo supplement routine surveillance for CID with focused activities in
hemophilia treatment centers have met with varying success. The response to requests for
reporting the number of patient deaths and patients who might have clinical CJD has been good.
However, obtaining brain tissue from deceased hemophilia patients to examine for evidence of
CID has proved to be challenging. First, of the 140 Federally-funded hemophilia treatment
centers that were invited to participate in this endeavor, only 52 volunteered. We attribute the
modest level of participation to several reasons, including: 1) insufficient personnel and resources;
2} small size of some centers; 3) surveillance not being a routine function; and 4) CDC’s direct
funding of centers did not occur until October 1996, a year after initiation of the program in 1995.
S;cond, we have received a small number of brain autopsy specimens, and most have been from
perscns whc; died before Qctober 1995 when this program was initiated. According to records
obtained from participating treatment centers, of 56 persons with bleeding disorders who died
dwring January 1996-July 1997, 20 had central nervous system symptoms; of these 20, brain
autopsy material from 6 (30 percent) persons has been identified to date. There appeartobea
number of reasons for the s;'na]l number of brain autopsies. Brain autopsy is not routinely
performed on hemophilia decedents. Permission for an autopsy must be obtained during a time of
family grief and high emotions. Hemophilia treat.mem staff have reported that it is difficult and
uncomfortable to approach families of dying persons about consenting to a brain autopsy. A

significant number of deaths ocour outside of the hospital, consequently, hemophilia treatment
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center staff often become aware of these deaths after it is too late to obtain material for
examination. Finally, there is a reluctance on the part of pathologists to perform brain autopsy on
persons known to be infected with HIV and possibly CID.

CDC has developed a numbér of approaches to help increase both the level of
participation by hemophilia treatment centers and the mymber of brain autopsies performed on
persons with hemophilia who die with neurologic disorders, In October 1996, CDC began direct
funding of hemophilia treatmeﬂt centers in order to implement a nationally coordinated prevention
program to reduce or eliminate the complications of hemophilia. CDC is in the process of
fostering changes in the hemophilia treatment centers which will provide a needed Surveillance
and communication network. This will facilitate a quicker respense time for investigation of
reports of possible transmission of bloodborne agents. As part of this program, CDC is phasing
in a nationwide monitoring system, the “Universal Data Collection System.” which will collect
iformation about the occurrence and severity of bloodborne infections among persons with
bleeﬁing disorders, provide free testing for bloodborne infections, and retain blood specimens to
evaluate new agents that may threaten the safety of the blood supply. Implementation of the
system, which has necessitated modification of many operating procedures in the 140 hemophilia
treatment centers, is expected to be complete in 1998. When completely implemented, the system
should capture negﬁy all bloodborne infections occurring in patients treated at Federally-funded
hemophilia treatment centers and improve participation in the CID surveillance activities. Until
then, CDC is working hard to improve awareness and participation in these activities.

We believe that educating patients and physicians on the importance of the

neuropathological examination component, and encouraging patients to enroli before they become

10
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ill, will increase the number of autopsies. CDC plans to develop and distribute educational
materials to hemophilia consumer and advocacy groups in addition to treatment centers regarding
the CID surveillance study. Additional efforts include working with pathologists to resolve

" concerns related to the handling of HIV-infected tissues and specimens and educating medical
care providers about the importance of obtaining brain autopsies. Lastly, the implementation of
the Universal Data Collection System may help recruitment for CID surveitlance. For example,
the Universal Data Collection System informed consent process may facilitate discussions
between care providers and patients about blood safety concerns, such as CJD, and lead to greater

understanding and acceptance of the CJD surveillance project.

Conclusions
Ensuring the safety of the Nation’s blood supply is an important public health priority and

one to which CDC ins strongly committed to address. As part ofits continued vigilance for

emerging threats to the blood supply, CDC has a number of surveillance systems for the detection
of diseases that may be transmitted in the blood supply. Surveillance is a critical component of

CDC’s mission. One of the four goals of CDC’s strategic plan, ‘{Addressing Emerging Infections

Disease Threats: A Prevention Strategy for the Urited Stétes,” is the impro and expansion
of surveillance and response capabilities for infectious diseases in the United States and globally.
Enhanced surveillance can play an important role in helping to ensure the safety of our blood and
plasma products.

This moming, I have described CDC’s surveillance and epidemiologic studies related to

CID and how we plan to strengthen these efforts. Surveillance and epidemiologic data have

1
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certain limitations and must be interpreted with caution. They cannot establish the absence of a
risk. However, surveillance and epidemiclogic data from both the United States and other
countries provide increasing support for CDC's conclusion that, despite some experimental
evidence suggesting a potential-for bloodborne-transmission of CID, the risk of transmission of
CID by blood products in humans is extremely small and remains theoretical. Perindic
reevaluations of accumulating data will undoubtedly provide a stronger scientific basis for
modifying, as appropriate, public health policies on CID and blood safety in the future.
The current level of the safety of the blood supply largely reflects improvements in the
areas of donor screening and education; serologic screening tests for viral pathogens; and viral
.inactivation techniques. The General Accounting Office, in its November 1996 report, Blood
Supply: Transfusion-Associated Risks, indicated that new interventions will Bkely be of
decreasing benefit and stated that new interventions will require careful consideration in order to
identify areas of improvement that would maximize safety with reasonable costs. Limiting pool
. size is one intervention that could further improve the safety of blood products in some
situations. However, compared to the aforementioned improvements that are already in place, the
-additional margin of safety to be gained is likely far less. We concur with the FDA’s proposal that
some upper limit on pool size be established. This would create a needed industry-wide standard.
We urge that.careful deliberation and study be undertaken by public health officials, industry, and
consumers in advance of implementing pool size limitations to ensure that the supplies of these
fife-saving products are not jeopardized.
Thank you for the opportunity to testify before the Subcommittee. I will be happy to

answer any questions you may have.
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Mr. SHAYS. I know this room is very crowded, and I apologize for
that. If there happen to be any people from the media, we have two
chairs over there that I would have no problem being used. They
may use those two chairs on that side and those two chairs there.
I am welcome to have you do it.

Dr. Brown.

Dr. BROWN. Mr. Chairman, Mr. Pappas, Mr. Towns. Good morn-
ing and——

Mr. SHAYS. Thank you.

Dr. BROWN. And good morning and thank you for the opportunity
to testify before you. My name is Dr. Paul Brown. I'm a board cer-
tified internist. However, I have spent the bulk of my life at the
NIH studying issues related to the transmissible spongiform
encephalopathies, notably Creutzfeldt-Jakob disease.

Any time that we transfer tissues or tissue extracts from one per-
son to another, we have to be concerned lest we transfer some un-
wanted passengers. The recent outbreak of Creutzfeldt-Jakob dis-
ease in hypopituitary patients as a result of contaminated growth
hormone, and the continuing occurrence of Creutzfeldt-Jakob dis-
ease in recipients of patients who have received dura mater grafts,
warn us again to be vigilant about attending to the question of
where risk might be preventable and trying to predict it and pre-
vent it rather than simply cleaning up afterwards.

With this in mind, we have to ask the question, what is the risk,
if any, of the recipient of a blood product or blood to contract
Creutzfeldt-Jakob disease from that administration? That is not
the same question as asking what is the probability of a patient
with Creutzfeldt-Jakob disease contributing to a donor pool. The
bottom line is what is the risk to an individual. And that is a three-
step process.

And the first is: what’s the probability that a CJD patient will
donate blood to a blood pool?

The second step is: what is the probability that such a donation
Evlﬂl &3 fact be contaminated? Is there going to be infectivity in the

00d?

And the third step is: in a recipient exposed to blood that does
have the infectious agent in it, what is the probability that that
person will be, in fact, infected?

Each one of these steps is contributed to by a number of things
which we will not have time this morning to go into. Blood pools
and the size of blood pools contribute to the first two steps. Clearly,
it’s a matter of common sense to say that if a disease like CJD has
a prevalence of about one in a million, that a pool size of a million
people will have a much greater chance of being contributed to by
a person with CJD than if the pool size is 10,000. It’s just common
sense.

The numbers for a pool size of 10,000, 100,000, 500,000 are in
the written statement. But in general, if we take the one in a mil-
lion prevelance figure, a pool size of 10,000 would have a prob-
ability of a little less than 1 percent of being—of being contami-
nated, had being contributed to by a CJD donor and a pool size of
100,000 about 7 percent. If you push it up to 500,000, the prob-
ability that a CJD donor is going to be amongst those contributors
goes up to 20 to 30 percent.
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Now you'd say that’s not good and, therefore, we should keep
pool sizes small. However, if there are three donors out there, it
really doesn’t matter whether they donate to one pool or five pools.
The same number of donors are going to be contributing. And,
therefore, it doesn’t much matter whether you've got 10 pools of
10,000 contributors or 1 pool of 100,000 contributors. The same
number will be there.

Now, you might say, well, wouldn’t it be better if the contamina-
tion was only the three pools? We’d have at least seven pools that
we knew were clean. And that is quite correct. But that brings us
to the second step, which is how much infectivity is going to be
found in the blood of a donor. And CJD is a little special in that
regard, because unlike hepatitis or AIDS, the amount of infectivity
in the blood of a CJD donor, although we don’t have precise meas-
urements, is almost certainly very small. And unlike the situation
with HIV, a single donation could not saturate the entire donor
pool. With CJD we’re probably talking, at most about 10, 20, 30,
40 infectious particles. And they will be fully dispersed in donor
pool sizes as small as 10,000 donors. So that those 30 or 40 par-
ticles are still going to find their way to 30 or 40 different recipi-
ents, whether the pool has 10,000, 50,000, or 100,000 donors.

And that brings us to the third step, which is what’s the likeli-
hood that a patient who’s getting a product is going to be infected.
Again, we don’t know the answer to that question with precision.
We do know that the administration by peripheral routes, as op-
posed to intracerebral inoculation directly into the brain, is a very
inefficient way of transmitting infection. This is not an easy disease
to get. We know that the efficiency is anywhere between 10 and
10,000fold less. So the question as to whether or not a person is
actually going to contract CJD from contaminated blood donation
is not at all clear.

I think this morning, in conclusion, you will certainly have a con-
sensus, if for no other reason than the common sense reason, that
if you decide to recall a pool, it certainly seems to make sense to
recall a smaller pool than a larger pool. But I would hope that the
committee and the general public through this committee would
recognize the equal importance of what you said in your preamble,
which is that continuing research is needed on the questions for
which we still have very imperfect information. How long, for ex-
ample, before a CJD patient develops signs, is his blood infectious?
How inefficient is intravenous administration of a product? Can we
clean up the plasma in ways that would be quite simple? For exam-
ple, why not spin plasma 10 times faster or 5 times longer if infec-
tivity of this disease is associated with white cells? What a simple
way to clean up plasma. We just sediment the infectivity. Nobody
has done it. What if we used iodine? We have a collaboration now
with Dr. William Drohan in the Red Cross which gives us a possi-
bility of perhaps inactivating the virus. So these are the kinds of
laboratory experiments that should throw some light on the prob-
lem. And I very much look forward at this sort of twilight of my
own career to be in a position to help solve some of these problems.
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Thank you, Mr. Shays.

Mr. SHAYS. Thank you. I am tempted to ask you to define twi-
light in your career.

Dr. BROWN. Pink scalp.

Mr. SHAYS. That would apply to many. And I'm not offended.

[The prepared statement of Dr. Brown follows:]
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Mr. Chairman and members of the subcommittee, good morning, and thank
you for inviting me to speak to you about the potential risk of transmitting Creutzfeldt-Jakob
disease {CJD) viz blood or blood products. My name is Dr. Paul Brown; T am a Board Certified
Internist who has spent most of his professional career at the National Institute of Neurological
Disorders and Stroke investigating various aspects of a group of diseases known as the
transmissible spongiform encephalopathies, of which CJD is the best known example.

CiD is a fatal degenerative disease of the brain that mainly affects adults between the ages of
50 and 75 years. It usually begins with a loss of memory that gradually progresses to frank
dementia, and is accompanied by physical deficits such as incoordination, slurred speech, visual
loss, muscle twitching (myoclonus), rigidity, weakness, mutismn, and coma. The entire process is
not unlike Alzheimer’s disease run in “fast forward,” and plays out to an invariably fatal ending in
less than a year’s time from the onset of symptoms.

Left to its own devices, CJD afflicts only about one in a million people each year, which
translates to about 250 cases in the United States, a figure that exceeds our present day
experience with polic or rables but falls short of the concerns presented by AIDS, viral hepatitis,
herpes infections, or even measles. Why should this comparatively rare disease be the subject of
so much attention? Most likely, because it shares so many features of the numerically more
impbrtam Alzheimer’s disease but Is even more devastating to witness, and because it can be
transmitted through medical procedures that often involve young people.

A poignant recent example of medically caused CID is the outbreak of disease in
hypopituitary patients treated with native growth hormone that until 1985 was extracted and
processed from the pituitary glands of cadavers. Some cadaver donors had unsuspected CID, and
their glands were included in random batches of hormone used to treat some 7000 plus patients in
the/United States. The resulting contamination is responsible, to date, for 21 deaths, that,
together with the consequences of similar contaminations in England and France, account for a
total of nearly 100 deaths in treated adolescents and young adults, with new cases continuing to
occur after longer and longer incubation periods following infections that occurred in the 1970°s.
Advances in biotechnology supported by the NIH have made possible an uniimited supply of
recombinant growth hormone free of the risk inherent in the use of growth hormone of human

origin.

The growth hormone tragedy, and an even more recent outbreak of CID in neurosurgical
patients who years ago had received contaminated dura mater grafts - also from cadaver donors
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who had unsuspected CID - has forced us to consider with renewed concern any medical
procedure that involves the transfer of tissue or bodily fluids from one human being to another,
and 1o try to predict where further danger might be present and preventable.

This morning we are considering the possible risk that an individual receiving blood {ora
blood product) will contract CID. The degree of this risk depends upon a sequence of three
probabilities: the probability that pooled blood will contain a donation from at least one individual
with CID, the probability that an individual receiving a therapeutic product made from such a
pool will be exposed to the infectious agent, and the probability that a recipient who is so exposed
will be infected and contract CJD.

The probability that pooled blood will contain a donation from a diseased individuat depends
the prevalence of CJD in the donor population, and the number of donors who contribute to the
blood pool (donor pool size). The prevalence of CID in the United States is estimated to be one
case per 1.3 milfion people, and the size of donor pools in current practice typically ranges from a
low of 10,000 donations to a high of 100,000 donations, although an occasional pool reaches
400,000 donations. Using the 10,000 to 100,000 numbers, the probability that a CJD patient will
contribute to a pool of 10,000 donors is 0.8%; if the pool size is increased to 100,000 donors, the
prabability rises to 7.6%.

Because it is unusual for a person who is already ill with CJD to donate blood, our primary
concern should be directed towards donations made during the period before illness begins.
Unfortunately, we do not know how long blood might be infectious before a person shows the
symptoms of CJD, but from studies in experimental animals, we can make an educated guess that
infectivity could be present for as long as 10 years before the onset of symptoms. The prevalence
figure for a person “incubating” CJD would thus be 10-fold greater than the prevalence of
clinically apparent CJD, and the probability that a potentially infectious individual would
contribute to a donor pool becomes 7.6% for a pool of 10,000 donors, and 55% for a pool of
100,000 donors.

The next step in the risk sequence - the probability that a recipient of blood from a pool to
which a CJD patient had contributed will be exposed to the infectious agent - depends upon the
amount of the infectious agent in the donor pool, the number of particles of the agent needed to
produce an infection, and the number of recipients. Three different situations are possible.

First situation: the donor pool contains a large number of infectious particles.

For example, if a donor pool contains 10,000 infectious particles, the pool is more or
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less "saturated": if given to a single recipient, one infection will result; if divided among 100
recipients, it is extremely likely that 100 infections will result, etc., until the number of recipients
approaches several thousand, when the increasing dilution and random distribution of infectious
particles will start to spare some recipients. This kind of situation occurs in AIDS, where the
blood of an HIV-infected donor may contain up to 100,000 infectious particles of virus.

Second situation: the donor pool contains a small number of infectious particles. For

example, if the pool contains 3 infectious particles, and the donation is given to a single recipient,
one infection will result; if' divided among 10 recipients, between one and five infections will result
(a statistical probability calculation). If the donation is divided among 100, or 1000, or 10,000
recipients, five infections will almost always result, as distribution randomness will make it highly
probable that each infectious particle goes to a separate recipient. This is the most likely situation
for CID, based on unpublished data from experimentally infected animals, but levels of infectivity
in the blood of human patients with CJD have never been determined.

Because we do not know with certainty what number of particles are needed to produce an
infectious unit, we must also consider the possibility that two or more particles must join together
to make a single infectious unit (for example, if the required number were two, a specimen
containing 100 particles would contain 50 infectious units)

ird situation: one infectious unit consists of two interactive particles that are independently
distributed physical entities. For example, if a pool containing 200 particles (100 infectious units)
is given to 10 recipients, all recipients are likely to be infected. Ifit is divided among 100, 1000,
or 10,000 recipients, the random distribution of particles will result in fewer and fewer individuals
receiving the necessary two particles, and a progressively decreasing number of infections will be
observed, eventually reaching zero. Thus, increasing the size of the donor pool would “dilute

out” its infectivity.

The final step in the risk sequence - the probability that a recipient who is exposed to the
infectious agent of CJD will be infected - depends upon the ease with which the agent can be
transmitted by intravenous or intramuscular administration. We do not know the answer to this
question in humans, but in experimental animals, these types of peripheral inoculations are 10 to
100 times less effective than direct intracerebral inoculations in transmitting disease.
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In summary, we conclude that although mathematical modeling gives us a fairly precise idea
of the influence of pool size upon risk of exposure, estimates of the actual risk of a recipient
contracting CJD from a contaminated blood product are impaired by our lack of knowledge about
most of the biological factors that contribute to such estimates. Considerinig/the magnitude of the
variables involved (low prevalence of CJD in the general population, low levels of infectivity in
the blood of CJD patients, and low efficiency of disease transmission by intravenous or
intramuscular administration), it seems likely that the chance of contracting CID from a pooled
blood product to which a patient with CJD has contributed is extremely small, no matter what the
size of the donor pool. The fact that epidemiological studies have so far been unable to identify a
single case of CJD resulting from the administration of blood or blood products supports this

contention.
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Can Creutzfeldt-Jakob disease
be transmitted by transfusion?

Paul Brown, MD

National Institutes of Health, Bethesda, Maryland, USA

The transmissible agent of Creutzfeldt-Jakob disease, a dementing
neurodegenerative disorder, is present in many tissues of the body,
even though its pathologic consequences are confined to the brain.
Experimental animal models of the disease have shown that blood
(most probably the leukocyte component) can be infectious in both
the clinical and preclinical incubation stages of the disease, and there
are also a few reported isolations of the agent from whole blood, buffy
coats, or serum from humans with Creutzfeldt-jakob disease. Despite
this potential for blood-borne iatrogenic infection, epidemiologic.
studies do not support the contention that the administration of biood,
blood components, or blood derivatives transmits the disease; in
particular, not one of nearly 2000 patients who have been studied
during the past two decades has been shown to have acquired the
disease from a blood donor who later died of Creutzfeldt-Jakob
disease. This fact does not diminish our responsibility to preciude
such an occurrence from happening in the future, and will require
an unremitting effort to screen from the blood donor population alt
individuals with a higher than average risk of harboring the infectious
agent; namely, donors with neurologic disease, a family history of
neurologic disease, or a history of events that have been identified as
leading to iatrogenic Creutzfeldt-Jakob disease, such as neurosurgical
procedures involving dura mater homografts or treatment with native
pituitary hormones.

Current Opinion in Hematology 1995, 2:472477

The question posed by the tide of this paper
should really be bisected into two related questions
with different implications: 1) can blood transfu-
sion transmit Creutzfeldt-Jakob disease (CJD)? and
2) does blood transfusion transmit CJD? For those
readers unfamiliar with the disease, JD is 2 fatal
neurodegenerative process that occurs in sporadic,
familial, and iatrogenic forms; in its sporadic form
(which accounts for approximately 90% of cases),
it primarily affects people in late middie age as a
rapidly progressive dementia associated with a bat-
tery of neurolegic abnormalities that typically in-
clude cerebellar signs (ataxia, incoordination, and
dysarthria), involuntary movements (especially my-
oclonus), and characteristic periodic triphasic 1- to
2-cycle per second electroencephalogram activity,
leading to death in less than é months (1°%). Clin-
ical patterns can vary in familial forms of the dis-

ease, and in peripherally infected’ patients with ia-
rrogenic CJD, the illness has a distinctive, predom-
inantly cerebellar character, with linle or no de-
mentia. Pathognomonic neurohistologic abnormal-
ities consist of a diffuse vacuolation (spengiform
change) of the gray matter associated with variable
degrees of gliosis and neuronal loss.

Transmissibility of the disease has been established
both experimentally (2] and as a consequence of
iatrogenic misfortunes in which contaminated sur-
gical instruments, homografts, or pituitary tissue
extracts have been incriminated as sources of in-
fection {3]. Although only the central nervous sys-
tem is affected pathologically, the infectious agent
is present in a wide variety of body tissues, so
that the first question that must be addressed is
whether blood or blood products might be infec-

Abbreviation
CID—Creutzfeldt-Jakob disease.

© 1995 Rapid Science Publishers ISSN 1065-6251
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tious, and so have the potential to ransmit disease.
Before reviewing the evidence, a word is neces-
sary sbowt the methodology. :

As with many infectious diseases, the most sen-
sitive method of cetection has been, and contin~
ues to be, disease wansmission from human tissue
to susceptible experimental animals; in the case
of CJD, the most sensitive animals are nonhuman
primares. but transmission has also been accom-
plished in 2 variet of laboratory rodents, including
mice, hamsters, and guinea pigs. The most accu-
mate procedure is © prepare a series of dilutions
of a suspension of the tissue in question, inocu~-
ate them intracerebrally into groups of the cho-
sen experimental animal species, and then keep
the inoculated anirals under surveillance for 2 pe-
ried of months to vears, examining all dead an-
imals for the histopathelogic signs of spongiform
encephalopathy. The amount of infectivity is then
calculared by the Reed-Muench statistic. based on
the rato of infected 1o rotal inoculated animals in
each diluton group (end point dilution), and is
expressed as a2 mean 30% lethal dose (IDgg per
unit of inoculated dssue).

Because this is a costly and time- and space-con-
suming method in studying a disesse that may take
years to transmit, a shorr-cut has been devised that
provides an estimate of infectivity based on its re-
lationship to the interval berween inoculation and
ongser of disease (incubation period): the longer the

incubation period, the less the infectivity. In this
assay, 2 single dilution of the specimen (usually
10~2 or 10-3) is inoculated into a group of ani-
mals. and the resulting average incubation period
is compared with those of a dilution series having
known amounts of infectiviry; the amounr of infec~
tivity in the tested specimen is then interpolated
from this curve.

A considerable body of informarion about the in-
factive portential of blood and blood components
has accemulated from smdies in animals infected
with the infectious agent of scrapie, an znalogous
disease of sheep and goats that has also been
adapred to laboratory rodents [£-13] (Table 1. In
namurally infected sheep and goats, infectivity has
never been detected in blood; however, in exper-
imenually infected laboratory rodents, infectivity in
bloed or blood constituents has been detected in-
dependently in a number of different laboratories,
both from animals that are clinically il and from
animals in the preclinical, incubation phase of dis-
ease. Because the infective agent is associated with
the plasma cell membrane of nucleated cells, it
appears highly likely (zlthough not proven) that
the infectivity is sclely amrburable to the leuko-
cyte component of blood, as is also suggested by
two studies of experimental CJD in which buffy
coars from a large number of guinea pigs and mice
were found to be infectious throughout the course
of disease [14,15]. Serum infectivity has been noted
in three reports, but none demonstrably excluded

Table 1. Aremprs to detect infeCtivity in the blood of animals with scrapie or Crevtzfeldi-jakob disease
Host Inoculated Assay Route of Transmissionsfotal
Study animal material animal inoculation inoculated specimens, n/n”
Scrapie (natural)
Hadlow er al. [4] CGoat Blood clotserumn  Mouse ic o3
Hadiow et af. (5] Sheep® Blood clot/serum  Mouse ic ona
Scrapie (experimentalt
Patison and Millsor (6] Coatt Whole bicod Geat ic 014
Cibbs at 2 7} Sheep Serum Mouse ic 5
Clarke and Haig 8] . Rat Serum Rat i 141 {pooh
Mouse Sarum Mouse ic 141 {pooh
Exlund et 3/, (9] Mauset ‘Whale blood Mouse i /39
Dickinson and Meikie [10]  Mouse® Whole bicod . Mouse ic N3
Hadlow et af. {11] Goatt Blood clot Mouse ic on
s¢ 0/20
Diringer (12! Mamster™  Extracted bloed  Mamster ic 5/5 (pools)
Casaccia et al. [33] Hamster® Extracted bicod ~ Hamster ic TO/M1 tpools}
CID (experimental)

Manuelidis et al. (13} CGuinea pigt  Buffy coat Cuinea pig ic. s¢, imy, ip 10428 {pairs}
Kuroda et al. {15} Mouse? Buffy coat Mouse ip 4/7 (poolsy
“infgctivity feval by incubation periods in assay animals: in ail o the tested blood donor materials was €100 105

*Samples taken during ‘rcubation and clinical phases of disease.
3No detectable infectivitv in unexiracted whale blood.
CID—Creuzieic-Jaket disease; ic- bral; im—il far; ip: peritoneal; sc-sul
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leukocytes for cell fragments) from the centrifuged
serum.

The situation in humans is somewhat less clear-
cut than in experimentaily infected animals (Table
2). The National Institutes of Health Laboratory of
Central Nervous System studies was uniformly un-
successful in transmining disease from the blood
of 13 patiems with CJD, using either highly sus-
ceptible primate hosts (nine cases, including whole
units of blood from three cases that were uans-
fused into chimpanzees) or less susceptible rodent
species (four cases) [1*]. In conwast, four other
laboratories have reported infectivity to be present
either in whole blood or buffy coat from four pa-
tents with sporadic CJD and one patient with iatre-
genic CJD due to trearment with contaminated na-
tive growth hormone [16,17,18°,19]. Each of these
studies merits 2 brief comment.

Tareishi {16} isolated the infectious agent from the
biood of one of three patients with sporadic CID,
as well as from the urine, cornea, and brain of the
same patent. The Bnding of infectivity in urine &=
unique, despite repeated atempts in both human:
and experimentally infected animals, and 2 com-
parison of incubation times in the animals inocu-
lated with the different specimens suggests that the
urine contained 2 higher level of infectivity than ei-
ther the blood or ¢comea, and not toc much lower
than that of the brain, which is surprising. The au-

thor was unable to confirmt this urine isolation in
2 subsequent experiment (Tateishi, Personal com-
MUnicaton).

Tamai er al. {17] observed infectivity in 3X concen-
trated plasma from 2 pregnant woman with CJD,
as well as in brain, placenta, umbilical cord leuko-
cytes, and colostrum, but not in the patient’s un-
concentrated plasma or leukocytes, or from umbil-
ical cord plasma or amniotic fluid. This partern of
isolations is peculiar and a comparison of incuba-
ton periods in animals inoculated with the positive
specimens suggests that the level of infectivity in
plasma approximated that In brain. which is virnu-
ally impossible.

-Deslys et al. (184 found infectivity in the buffy coat
of a single patient with growth hormone-related
CJD. Only one of five inoculated hamsters became
ill, after a comparatively long incubation period of
20 months, and the other four inoculated ham-
sters, as well as three of the five uninoculated
control hamsters, died from unknown causes dur-
ing this period and were cannibalized and so un-
available for examination. Althcugh none of these
facts disproves the lone positive transmission, its
leng incubation period and the very high unex-
plained morulity in both incculated and control
groups raise the question of whether the trans-
mission might possibly have been an artifact of
laboratory animal cross-contarination.

Table 2. Attempts 1o dewxt infectivity in the blood of humans wvith Creuzzfeidt-lakob disease, kuru, and Alzbeimer's diseass, in
relatives of people with Alzheimer’s disease, and in nommal sutjecs
Inoculated Assay Route of Transmissions/otal
Study Diagnosis material animal i i i
Manuelidis et al, [19] $poradic CJID Buffy cost Cuinea pig, hamster ic 22
Tateishi [16] Sporadic CID Whole bioad Mouse ic 173
Tamai et al. (17} Sporadic JO Concentrated plasma® Mouse ic 173
Brown et al. (1% Sporadic OD Whiake blood Chimpanzee " o3
Sporadic GO ‘Whate blood Spider monkey i, v ip on
Sporadic CID Whole blood Squirrel monkey ie, ip, im E
Spondic G0 Buffy coat Squirrel monkey i, v o/
Sporadic CID ‘Whale bicod Guinea pig ic,ip ot
Kury Serum . . Mouse ic 3
Deslys et al [18%] hGCH iatvogenic QD Whole blood Hamster ic ih
Manuelidis et al. 1201 Familial AD Buffy coat Hamster ic 2
Manuelidis and AD relatives 49
Manuelidis {21} Neenal subjects 26730
Godec et 2. [22,23%  Sporadic AD Buffy coat Hamster ie 074
Familial AD B
AD relatives o030
Normal subjects o2
“No infectivity in plasma or in leukocytes.
AQ-—Alzheime:’s disease; CI0—Creutzieldi-lakob disease; hGH—human growth i ifmmi i
ipintraperiioneal; iveintravenous.
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Manuelidis er al. [19] isolated the infective agent
from the buffy coar of each of rwo patienrs with
sporadic CJD; buffy coat from one patient trans-
miried disease to one of four guinea pigs (three
died of unrefated causes), and the other transmit-
ted to two of five hamsters (three died of unrelated
causes), but not to any of five guinea pigs. As in
the study by Deslys er al. (18}, this very high non-
CJD experimental mortality is disquieting. In sub-
sequent experiments, the same authors reponed
wansmission of CJD to hamsters from the buffy
coats of several patients with preclinical or early
Alzheimer's disease, and from 26 of 30 healthy
control individuais (20,21). Their explanation for
these swartling results was that the infectious agent
exists in the human population in a vardery of
strains with differing virulence which, in combi-
nations with undetermined environmental or host
factors, determines susceptibility to disease. The
National Instrutes of Health laboratory of Central
Nervous System studies was unable 1o verify these
results in duplicate experiments 22,23}, and an
alternative explanation has been proposed: CJD
was mistaken in the inoculated hamsters for an
endemic late-onset disease caused by Clostridium
difficile, coupled with laboratory cross~contamina-
tion by the agent of spongiform encephalopathy
in second passage experiments [24].

These remarks are not meant to disparage the au-
thors or to imply that the reported isolations from
blood are necessarily invalid; indeed, the fact that
transmission of CJD from blood components has
apparently been accomplished by four different
laboratories lends credence to their validity. How-
ever, one or more aspects of each report are puz-
zling because they are inconsistent with what we
know about the distribution and amount of infec-
tivity in tissues of experimentlly infected animals
and invite 2 more cautious appraisal than might
be accorded by the casual reader.

In summary, then, the answer to the question “Can
‘blood wansfusion cause CJD?" is a qualified “yes,”
based on the fact that blood (and especially buffy
~coat) in experimental animal models of CJD con-
wins comparatively small amounts of the infec-
tious agents, and bolstered by reported isolations
of the infectious agent from the blood of five hu-
mans with CJD. The more important question“Does
blood transfusion cause CJD?” is problematic.

On the experimental side, it is important to note
that all but one of the transmissions from animal
blood and all transmissions from human blood
have resulted from the highly efficient but emi-
nently anificial method of intracerebral inoculation;
the only thres amempts to transmit disease by intra-

venous transfusion all failed. Thus there exists no
direct experimental confirmation of disease trans-
mission by blood transfusion, and all other evi-
dence bearing on the question comes from epi-
demiologic studies of blood donors and recipients
in the CJD patient population.

Four separate epidemiologic case conrrol studies
conducted during the 1980s in the United States
[25.26]. the United Kingdom [27]. and Japan [28]
all found the percentage of patients with CJD who
had received blood transfusions ¢ be no higher
than in healthy control groups. The UK study also
found no increase in the incidence of CJD in ar-
eas where multiple blood donations from CJD pa-
tients had been distributed. Newer case control
studies have been incorporated into the ongoing
_program of CJD surveillance in several European
nations, and dara analyzed from the first 3-year pe-
riod again find no significant differences berween
CJD and control populations in the proportion of
individuals who had received blood (Will, Personal
communication). Although a recent repont from
Australia described four partients who had received
transfusions 5 years before the onset of jatrogenic-
type CJD illnesses (cerebellar signs with litle or no
dementia), no information was provided about the
comparable frequency of transfusions in a non-CJD
control population or about the existence of (JD
patients among the blood donors [29].

A different approach was taken in Germany, where
an effort was made to trace all recipients of biood
from a regular donor who later died of CJD {30°L
Among 35 of 55 identified recipients, 21 had died
from non-CJD illnesses up to 22 years after hav-
ing received transfusions, and 14 recipients were

still alive without evidence of neurologic disease -

after an average survival of 12 years. Similar ef-
forts are being pursued for several more such in-
cidents by the American Red Cross and the Euro-
pean CJD surveillanice study. Notable findings in-
clude the identdfication of a2 US patient who had
donated a total of 93 units of biood during the 35-
year period before the onset of CJD and several
members of a French family with CJD who also
had donated blood on muitiple occasions.

Finally, it is worth recalling that no case of QJD
has ever been identified among patients whose
.diseases. require (or required before recombi-
nant technology) repeated administration of whole
blood, blood components (eg, plasma or leuko-
cytes), or blood derivatives (eg, albumin, immune
globulin, leukocyte interferon, -antitrypsin, and
clotting Factors VIII and IX). Such potentially high-
risk groups include patients with hemophilia, im-
mune deficiency or suppression syndromes, mul-
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tple sclerosis, oy-antirypsin deficiency, and mul-
dple surgical procedures.

None of these observations is definitive, because
population-based studies can never prove or dis-
prove the possibility that rare cases might resule
from blood transfusions but be numerically insuf-
ficienr to produce a statistically significant differ-
ence from case control groups; and single-incident
studies, even if all recipients are traced (which is
almost never possible), may sull be criticized be-
cause a proportion of recipients will have died
from other ilnesses before CJD has had a chance
to manifest itself. On balance, the available evi-
dence favors the conclusion ther blood-borne in-
fection is not a cause of CJD, but there nonetheless
remains an undeniable if very small potential risk
of iarogenic disease from blood and blood prod-
ucts. and our best defense against the risk is an
unremitting vigilance in screening from the donor
population all individuals with neurologic disease,
a family history of neurclogic disease, or 2 history
of events that hive been identified a5 leading to
iatrogenic {JD, such as neurosurgical procedures
involving dura mater homografts or treatment with
native pituitary hormones. This rigorous screening
procedure should eliminate virtually all individuals
at higher than usual risk of incubating the trans-
missibie agent of CJI; it will not eliminate the
one per million healthy donors who in any given
future year will die from sporadic C/D, but the
solution to this problem must await the discovery
of a preclinical marker of disease.
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Appendix 2 - abstract of manuscript (May, 1997)

Evaluation of the potential risk of iatrogenic Creutzfeldt-Jakob di from the administration of
blood, blood components, or plasma derivatives donated by patients later dying of Creutzfeldt-
Jakob disease

Background information. Creutzfeldt-Jakob disease (CID) is a transmissible spongiform
encephalopathy that occurs in the general population at an annual frequency of about 1 case per
million people. Approximately 90% of cases are sporadic, without known cause, and most of the
remaining 10% of cases are inherited as a consequence of mutations in a gene on chromosome 20
that encodes a potentially amyloidogenic protein (PrP). However, there is also a small but
increasing number of iatrogenic cases due to infection from contaminated neurosurgical
instruments, homografts (cornea, dura mater), or tissue extracts (cadaver derived pituitary
hormones).

CID is related to scrapie, a disease of sheep known to be infectious for the past

50 years, subsequently adapted to laboratory rodents for purposes of experimental study. CID
was first transmitted experimentally to non-human primates in 1968, and has also been transmitted
and adapted to numerous rodents. Experimental data from studies of both scrapie and CID have
shown that the CNS (which is the only pathologically affected tissue) contains high concentrations

of the infectious agents (up to 1010 LDsg/g), and that other tissues, including blood, may also be
infectious throughout both the preclinical and clinical phases of disease, but at much lower
concentrations (less than 103 LDsg/ml).

Because the majority of human cases of CID have no known antecedent cause of infection, and
therefore no defined pre-clinical incubation period, blood donated by such individuals both during
the course of their illness, as well as during the years before the onset of their illness, has the
potential to be infectious. Epidemiological studies have shown that 10-20% of patients dying of
CID have donated blood at some point during their lifetimes, often during the years just preceding
the onset of CID. Thus, in the US, where some 250 cases of CJD are diagnosed each year, itis
reasonable to expect that perhaps 20 to 30 of them have donated blood. Although no case of
iatrogenic disease from blood or blood products has ever been proven, the potential risk from this
source of contamination is drawing increasing attention by the National Hemophilia Foundation
the therapeutic plasma product industry (including the American Red Cross), the FDA, and most
recently, Congress.

We recently completed a preliminary study in which mice infected with the Fujisaki strain of
human CID were exsanguinated at the onset of illness; the blood was separated into its
components and plasma was processed into Cohn fractions. We found low levels of infectivity in
bufly coat, plasma, cryoprecipitate (the source of Factor VIII and fibrinogen), and Cohn fraction
I+ (the source of gamma globulin).  Infectivity was not detected in Cohn fraction IV (the
source of a1 anti-trypsin and Factor IX complex), or Cohn fraction V (the source of albumin).
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Appendix 3 - Proposed Future Experiments

The presently proposed/set of experiments is designed to answer 3 questions raised by this earlier
experiment:

1) Is infectivity present in plasma during the incubation period?
2) Is infectivity detectable when assayed by intravenous inoculation?
3) Is infectivity in plasma the result of incomplete buffy coat separation?

The Fujisaki strain of CID will be inoculated into 300 mice. At 4, 8, and 12 weeks after
inoculation, groups of 25 mice will be exsanguinated, and the blood separated using the ARC
protocol into red cell, white cell/platelet, and plasma components, which will be stored at -70°C
until assayed (Answer to Question 1). When the remaining mice begin to show signs of disease,
about 16 weeks after inoculation, they will be exsanguinated and a portion of the blood similarly
separated and stored for parallel infectivity assays using intracerebral and intravenous inoculation
routes (Answer to Question 2). The remaining blood will be divided in two portions, each of
which will be separated into its white cefl/platelet and pl comp using two different
centrifugation velocities before storage for infectivity assay (Answer to Question 3). Note that
the 16 week ARC-separated blood assayed by intracerebral inoculation can be used for
comparative purposes in each of the three experiments.

Animals will be kept under observation for 1 year, and the brains from all animals, whether dying
during the observation period or alive at the conclusion

of the experiment, will be examined by Western blot for the presence of the pathognomonic prion
‘protein.

In a parallel study, we propose to inoculate animals with buffy coat, plasma, and cryoprecipitate
from several human patients with classical CJD, "new variant” CJD (thought to have resulted
from exposure 1o bovine spongiform encephalopathy), and from mutation-positive but members
of CJD families in the pre-clinical stage of di ‘We have obtained speci from the CID
Epidemiological Surveiliance Unit in the United Kingdom, and will inoculate them in parallel with
specimens already in our possession from patients with sporadic and familial forms of CJD.

From each patient, buffy coat and cryoprecipitate will each be inoculated into 25 mive, and plasma
will be inoculated into 50 mice (i.e., 100 mice per patient). Transgenic as well as wild type mice
will be used. Animals will be kept under observation for 2 years, and the brains from all animals,
whether dying during the observation period or alive at the conclusion of the experiment, will be
examined by Western biot for the presence of prion protein.

The same-series of specimens will be inoculated intracerebrally into pairs of squirrel monkeys, and
selected specimens will be inoculated intravenously into chimpanzees. Animals will be kept under
ohservation for at least 3 years.
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Mr. SHAYS. Dr. Zoon.

Ms. ZooN. Thank you.

Mr. Chairman and members of the committee, I am Dr. Kathryn
Zoon, Director of the Center for Biologics Evaluation and Research
of the Food and Drug Administration. I appreciate this opportunity
to discuss the safety of the blood supply and the safety of plasma
derivatives.

Mr. Chairman, you requested that we address safety implications
of plasma pool size in the manufacture of plasma derivatives. Let
me start by stating that the FDA believes that upper limits on
plasma pool size will have public health benefits. It is, however,
only one of the aspects of FDA’s commitment to blood and blood
product safety. And I will discuss it in more detail later in my tes-
timony.

FDA is absolutely committed to taking every appropriate action
to help ensure the safety of the Nation’s blood supply. In recent
years, we have taken numerous steps in this regard. I would like
to briefly explain some of those initiatives.

As you will recall, Mr. Chairman, these efforts were elaborated
on by Dr. Friedman’s testimony to this committee last month. For
example, some of these initiatives by FDA have focused on good
current manufacturing practices, or GMPs, and FDA expects these
to be a primary concern to the manufacturers of blood and plasma-
derived products. To ensure substantially greater attention to this
issue, the lead responsibility for conducting inspections of plasma
fractionators has been transferred from the Center for Biologics to
the Office of Regulatory Affairs.

The Center for Biologics Evaluation and Research’s internal
emergency response procedures have been redesigned to assure a
more effective and coordinated response to emergency situations.

FDA has provided enhanced public access to recalls and with-
drawals of plasma derivatives by providing easily accessible infor-
mation through the Internet, fax, and e-mail.

FDA now receives monthly reports from plasma derivative manu-
facturers on adverse experience reactions of potential infectious dis-
ease transmissions associated with their products.

We believe that these steps are vital additions to our existing ef-
forts to help assure the safety of the blood supply.

As you know, our existing efforts are based on a five-layered sys-
tem of overlapping safeguards, each layer contributing to blood and
plasma derivative safety. These layers are described in detail in my
written testimony.

This five-layered system forms a solid basis upon which addi-
tional efforts can be built. We are committed to continually ad-
dressing all the potential areas of improvement in our blood safety
program. Plasma pool size is one such potential issue. Recognizing
that plasma pool size is only one of many factors that we are con-
sidering in our efforts to minimize the risks associated with the use
of plasma derivatives, FDA continues to assess the limits of pool
sizes and potential public health benefits.

FDA has brought this issue of plasma pool size before the Blood
Products Advisory Committee several times. In March 1995, FDA
discussed with the Blood Products Advisory Committee whether re-
ducing the size of plasma pools from which plasma derivatives are
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manufactured would be an effective precaution against transfusion
transmitted diseases, and under what circumstances FDA should
consider mandating limits to the scale which certain plasma-de-
rived products are manufactured. The Blood Products Advisory
Committee made no recommendation for upper limits on plasma
pool size.

In response to further discussions with consumer groups, and the
recommendation of this committee in its August 1996 report, FDA
reconsidered the issue of pool size and brought the issue to the De-
cember 1996 Blood Products Advisory Committee meeting for re-
consideration. At that time, the following limits were constituted
for implementation in the short-term: 15,000 donors per pool for
products manufactured from source plasma, and 60,000 donors per
pool for products manufactured from recovered plasma.

Over the longer term, FDA proposed for discussion further reduc-
tions of pool sizes. The Blood Products Advisory Committee deter-
mined that data were not sufficient to make a recommendation on
upper limits for pool size. The additional data, CBER requested,
and continues to request, information from the plasma products in-
dustry to better understand the potential public health implications
of limiting plasma pool size. CBER recently has received interim
responses to its inquiries on plasma pool sizes used by some
fractionators in its manufacturing of various plasma derivative
products.

This recent information indicates that plasma pool size, after ad-
justment for combination of intermediates, may result in the pool-
ing of material from several hundred thousand donors for single
lots of some products.

FDA does consider there are public health benefits in limiting
pool size, particularly for infrequent users of plasma products. The
exposure risk for infrequent users would be reduced in instances
where the prevalence of the infectious agent is low.

Reduction in pool size also might lessen the impact of recalls and
withdrawals on the supply of the products. For the full public
health benefit of the smaller pool size to be realized by the recipi-
ents of these products, measures also must be taken to ensure that
recipients are not simply exposed to more lots of products and
thereby essentially the same number of donors.

We have not fully assessed the interim estimates of pool size ob-
tained in response to our inquiries. After more detailed information
is collected, analyzed, and verified, we will be able to make a more
informed proposal on limiting pool size.

In addition to limiting pool size, we believe there are other ap-
proaches to reducing risk, including additional and more sensitive
testing methods, improved donor screening procedures, improved
viral clearance procedures, and improved plasma management
practices. FDA is committed to examining all of these possibilities.

In conclusion, FDA is facing significant changes in helping to en-
sure the safety of blood and plasma derivatives. We must strive for
continued improvements in the regulation and management of
plasma derivatives and the plasma fractionation industry. It is im-
portant to remember that pool size is only one factor which can be
considered in ensuring the safety of plasma derivatives. Good man-
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ufacturing practices and our enforcement of those practices is also
an important part of the system of overlapping safeguards.

As the Director of the center, I assure you that I am committed
to the safety of the blood supply and plasma derivatives. And I will
pursue the efforts described with utmost diligence and attention.

Thank you for this opportunity. I'll be glad to answer any ques-
tions.

Mr. SHAYS. Thank you.

[The prepared statement of Ms. Zoon follows:]
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I. INTRODUCTION

Mr. Chairman and Members of the Committee, I am Dr. Kathryn Zoon,
Director, Center for Biologics Evaluation and Research (CBER) of
the Food and Drug Administration (FDA). - I appreciate this
opportunity to discuss the safety implications of plasma pool
sizes in the manufacture of fractionated blood products. My
testimony also will address FDA measures which ensure the safety

of all pooled plasma derived products.

Let me state up front that FDA believes there should be upper
limits set on plasma pool size for public health reasons which I
will discuss later in this -testimony. It is important to
remember, however, that pool size is only one factor to be
considered in minimizing the risks associated with plasma derived
proaucts. This is one of many different-approaches to reducing

the risks of blood and plasma derived products.
II. PRODUCT SAFETY

On June 5, 1997, FDA testified before this Committee on its
efforts designed-to.ensure the safety of -the blood supply,
particularly plasma derived products. Let me briefly reiterate.

some of the most recent steps that FDA has taken directed towards



42

improving and ensuring the safety of the blood supply and plasma

derived products.

CBER's internal emergency response procedures have been improved
to facilitate a more effective response to potential and actual
emergency situations. The lead responsibility for conducting
inspections of plasma fractionators has been transferfed to the
field organization (Office of Regulatory Affairs). Recent
inspections have been more comprehensive and greater attention
has been given to good manufacturing practices (GMPs) in the
manufacture of blood and plasma derived products. Moreover, FDA
has provided enhanced public access to recalls and withdrawals of
fractionated plasma products by providing easily accessible

information through the Internet, faxes, and e-mail.

FDA continues to utilize a five layer system of overlapping
safeguards, each contributing to blood and blood product safety.
With donor screening, potential donors are provided educational
materials and asked specific questions by trained personnel about
their health and medical history. Potential donors whose blood
may pose a health hazard are asked to exclude themselves. Donors
also are excluded based on risk of malaria, Creutzfeldt-Jakob
Disease (CJD), and acute illness. In addition, donated blood is
tested for blood-borne agents such as Human Immunodeficiency
Virus~1 (HIV-1), HIV~-2, Hepatitis B (HBV), Hepatitis C (HCV), and

syphilis. Blood establishments must keep current a list of
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individuals who have been deferred as blood or plasma donors and
check all potential donors against that.list toc prevent use of
units from deferred donors. - Blood products are guarantined until
products have been tested and donation records have been
verified. Blood establishments must investigate any breaches of
these safeguards and correct system deficier;cies that are found

by the establishments or through FDA inspections.

Recent advancements in blood safety include the following. In
March 1996, FDA approved the HIV-1 p24 antigen test and issued
- recommendations for its implementation. These tests improve
blood safety by further closinq'the “window period% before
antibodies to HIV develop. FDA issued guidance te blood
establishments on the deferral of donors who immigrated from
gountries with HIV-1l .Group O (a new strain of HIV for which
testing methods were unavailable).. FDA also advised
manufacturers of test kits to modify their kits to enhance
sensitivity ‘to-detect HIV-1 Group O specimens. In

September 1996, FDA issued a.final regulation on "Current Good
Manufacturing Practices for Blood and Blood cOmpbnents:

- Notification of Consignees Receiving Blood and Blood Components
at Increased Risk for Transmitting HIV Infection.® The final
rule requires blood establishments and consignees to quarantine
previously collected whole blood, blood components, Source
~Plasma, and source leukocytes from donors with reactive screening

tests for HIV,  Blood establishments also must perforn
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confirmatory testing for donations that test reactive for HIV and
notify consignees of prior collections so that they may take
further action. FDA now requires plasma derivative manufacturers
to file monthly reports on adverse experience reactions of
potential infectious disease transmissions associated with their
products. FDA has been working with manufacturers to ensure that
all plasma derived products have adequate viral clearance in
manufacturing and, in the interim, has instituted lot release
testing for HCV nucleic acid for any non-viral inactivated immune

globulins.

III. CREUTZFELDT-JAKOB DISEASE (CJD)

The issues raised in the January 29, 1997 hearing before this
commitﬁee on CID still hold true today. (FDA's January 29, 1997
testimony is appended for reference.) FDA has acted to reduce
the theoretical risk of CJD transmission through blood and blcod
products. Although the risk for transmission of CIJD through the
blood supply is only theoretical, FDA has acted proactively to
defer high risk donors and has recommended voluntary withdrawal
of affected products. FDA first issued guidance on CJD in 1987
concerning the deferral of donors who had received human growth
hormone derived from human pituitary sources. FDA issued an
interim policy in a memorandum dated August 8, 1995, regarding
blood products and plasma derivatives. This memorandum further

broadened its guidance on donor exclusions for CJD risk and



45

called for withdrawal of implicated blood products. A provision
was made for release of affected products in case of a documented
shortage provided that the products carried a special label. In
December 1996, FDA issued its latest guidance on precautionary
measures to reduce the possible risk of transmission of CJD by
blood and blood products. There is presently no test available
to screen blood donors for the presence of CJD. In fact, there

is still controversy over the nature of the causative agent.

FDA continues to work with it sister aéencies, National
Institutes for Health (NIH) and the Centers for Disease Control
and Prevention (CDC), to review studies and surveillance data on
CJD. With CDC and NIH, FDA continues to evaluate the risk of CJD

transmission through the blood supply.

IV. BACKGROUND: PLASMA DERIVED PRODUCTS

Each year, approximately 14 million units of whole blocd are
collected from about 8 million volunteer donors to make
components that are transfused directly into more than

3.5 million Americans. Some of the plasma from these collections.
(recovered plasma from Whole Blood) is used for fractionation
into plasma derived products. Approximately an additicnal -

12 million units of Source Plasma are collected through
plasmapheresis for processing into derivatives. These products

include albumin used to restore plasma volume, clotting factors
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used. to treat hemophiliacs, and immunoglobulins used to treat or

prevent a variety of diseases.

It is estimated that per annum the number of patients who rely on
products manufactured from human plasma is as follows: more than
400,000 are given albumin; 15,000-18,000 are given Factor VIII;
3000-5000 receive Factor IX; greater than 20,000 receive
intravenous immune globulins (IVIG); and approximately 100,000 to
500,000 receive intramuscular immune globulins (IMIG).

Additional patients receive a variety of hyperimmune globulins

and other specialized products.
V. - PLASMA PQOLING AND FRACTIONATION PROCESS

Human plasma proteins for therapeutic use -have ‘been manufactured
from large pools of plasma for: over 50 years. In order to
manufacture plasma derived products, most.domestic manufacturing
facilities have been designed to work at -large scales, using
large plasma pools to permit manufacturing of sufficient '
quantities of products. These plasma pools are derived by
combining units from individual donations. The number of units
combined into a common mixture for processing is known as "pool
size." Typically, plasma pool sizes will range from thousands to
hundreds of thousands of individual .units. For certain products,
the use of large pools of plasma (or the pooling of muitiple

manufacturing batches into larger lots) may contribute to product
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consistency and efficacy. For example, the production of Immune
Globulin (Human), used to treat Hepatitis A, is mandated by FDA
regulation at or above a minimum scale of 1,000 donors to ensure
the inclusion of a broad spectrum of antibodies (see 21 C.F.R.

§640.102(4)).

Units of plasma collected as Source Plasma contain approximately
500-800 milliliters while recovered plasma from Whole Blood
‘donations contain approximately 200-250 milliliters. A pool
comprised only of recovered plasma includes units from more
individuals donations than a pool of equal volume comprised only

of Source Plasma because of the difference in volumes.

The various plasma derived products are purified from the plasma
pool by the fractionation process. The basic methods for plasma
fractionation were first developed and refined in the 1940s.

These methods form the basis for the plasma derivative industry

practices today.

Fractionation is a process which separates plasma proteins based
on the inherent differences of each protein. Fractionation
involves changing the conditions of the pool (e.g., the
temperature or the acidity) so that proteins that are normally
dissolved in the plasma fluid become insoluble, forming large
clumps, called precipitate. The insoluble protein can be

collected by spinning the solution at high speeds. One of the
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very effective ways for carrying out this process is the addition
of alechol to the plasma pool while simultaneously cooling the
pocl. For this reason the process 'is sonetimes called cold
aleohol fractionation or ethanol fractionation. This procedure
is carried out in a series of steps so that a single pool of
plasma yields several different protein products, such as albumin

and immune globulin.

As knowledge of plasma proteins increased, additional methods
- were developed to prepare still more unigue proteins from plasma.
These methods could be added on to the basic cold alcohol

. fractionation. For example,‘in‘the 1960s it was learned that
simply thawing frozen plasma at. low temperature resulted in a
white precipitate called cryoprecipitate that could be separated
from the plasma by centrifugation. This substance proved to be
very rich in Factor VIIY, the clotting factor used to treat
Hemophilia A. Factor VIII is then purified from the
cryoprecipitate. The plasma fluid left over after the
cryoprecipitate is harvested can then be processed to yield

albumin and immune globulin.

Vi. VIRAL INACTIVATION/REMOVAL PROCESSES

Just as the desired plasma derived products can be separated from
each other by chemical or physical means based on the individual

properties of the product, contaminating viruses may concentrate
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selectively in certain fractions because of their properties.
The risk to a patient from any particular agent may vary with the
particular plasma derivative. Thus, FDA believes that all plasma
dérived products should undergeo viral inactivation or removal

procedures to ensure safety.

Most plasma derivative products are processed to inactivate or
remove viruses. At present, the technology exists to inactivate
lipia eqveloped viruses such as HIV, HBV, and HCV. The
technology te inactivate heat stable, non-lipid enveloped
viruses, such asbthe Hepatitis A virus, or agents such as CJD
while preserving the functions of plasna proteins is not

currently available.

There are highly effective mechanisms for removing or
inactivatiﬁg certain viruses. Two different methods of
inactivation are heating and chemical inactivation. These
inactivation procedures must be rigorous encugh to inactivate the
contaminating virus without destroying the plasma derivative. -
Some manufacturers have incorpérated wore than one viral
inactivation or removal procedure during the manufacturing steps.
This combination of inactivation or removal procedures provides

additional assurances of safety.

Heat inactivation is the heating of the product at a épe;ific

temperature for a specific time under defined conditions. FDA

9
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regulations require that albumin (Human) and Plasma Protein
Fraction (PPF) be heated for 10-11 hours at 60 degrees Centigrade
in the final container to ensure viral inactivation (see 21
C.F.R. §§ 640.91{e), 640.81). Certain viruses, such as HIV, are
fairly fragile and are readily inactivated by these heating

procedures.

Chemical inactivation involves the addition of certain chemicals
to the plasma preparation. For example, some manufacturers add
certain solvent/detergent mixtures in their manufacturing
processes. The chemicals are removed later in the manufacturing
scheme. These processes disrupt viruses that contain
lipid-envelopes, such as HIV, HCV, or HBV, without destroying the
plasma derived products. HIV and other viruses have a lipid-
membrana surrounding the viral core. The lipid membrane contains
critical viral proteins needed for infection of host cells.
Disrupting the viral lipid envelope renders the virus -
non-infectious. Other viruses which do not have a lipid envelope

are not inactivated by these procedures.

Steps that purify the plasma protein may simultaneously remove
viral particles whether or not the particles contain a lipid
envelope., One example of a viral removal procedure is the use of
a monoclonal antibody column to purify a plasma derivative such
és Factor VIII. In this instance, antibodies to the Factor VIII

are generated in large amounts in tissue culture. The antibodies

10
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are attached to a support within a column. The plasma pool or
intermediate product is passed through the column. The

Factor VIII binds to the specific antibody while the fluid
containing other plasma derived products, and possibly
contaminating viruses or other agents, flows through the column.
The Factor VIII can later be removed from the antibody column.
These processes do not inactivate any contaminating agent but may

remove them from the desired Factor.

In the 10 yéars since the adoption of adeguate viral inactivation
procedures, there has not been any confirmed case of HIV
transmission through a plasma derivative. Recent experience
invelving Hepatitis A transmission through clotting factors and
HCV by intravenous immune globuling produced without adequate
viral inactivation procedures, however, reminds us of the need to
remain vigilant and to continue our efforts to improve product

safety.

Fach of these inactivation or removal processes has its
particular advantages. Except for the heating of albumin and PPF
which is mandated by regulation, the inactivation or removal
process may vary with each manufacturer. During the approval
process, FDA requires a manufacturer to demonstrate by laborétory
studies the effectiveness of its process and to provide
validation to ensure that the process works as expected, time

after time. FDA evaluates the clearance methods and the

11
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validation studies when reviewing license applications. These
operating procedures practices also are reviewed during

inspections.

VII. CURRENT PIASMA POOL SIZE ESTIMATES

FDA has not.established an upper limit to the size of plasma
pools for the manufacture of plasma derived products. FpA
regulations are silent on pool size requirements except to
specify the minimum pool size for the manufacture of Immune
Globulin (Human), a product used to treat Hepatitis A (see 21
C.F.R. §640.102(d}}. Therefore, FDA has linmited information
concerning the pool size used by‘manufacturers of plasma derived

producté.

According to information obtained from a plasma fractionators®
trade organization, for the manufacture of albumin, Factor VIII,
Factor I¥X, and the immune globulins, an initial fractionation
pool was estimated to contain 1,000 to 10,000 Source Plasma‘
units, or as many as 60,000 recovered plasma donations. For some
products, smaller pools may be used; for instance, specific
immune globulins, such as anti-Rho-D’, are thought to be
manufactured from plasma pools collected from between 150 and

2500 donors. Recent information indicates that the pool size,

' This is used to prevent complications during pregnancy
when there are different Rh types between the mother and fetus.

12,
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after adjustment for combination of intermediates, may result in
the pooling of material from several hundred thousand donors for

single lots of some products.

In some cases, the plasma pool size équals the sum of all plasma
donor units used in the starting pool for mamnufacture of one lot
of final product. More often during manufacturing, intermediate
material derived from more than one starting pool may be combined
- into one lot prior to processing into final product. In these
cases, the plasma pool size is the sum of all the plasma pools
from which the intermediate products were derived. Plasma
derived products from other pools may be combined during the
fractionation process or added to the final product. For
example, albumin is added during intermediate processing steps or
to a final product, such as Factor VIII, for use as an excipient
or stabilizer. This albumin often has been derived from another

plasma pool.
vIII. CURRENT FDA ASSESSHMENT OF POOL SIZE

FDA's goal is to continue to minimize the risks associated with
blood and plasma derived products. One possible means of
minimizing risk is to reduce plasma pool size in the
manufacturing of plasma derived products. FDA believes that
there should be upper limits set on plasma pool size for public

health reasons.

13
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The benefits of limiting pool size are that the infectious risk
for infrequent users would be reduced in instances where the
prevalence of the infectious agent is low. Reduction in pool
size might also lessen the impact of recalls and withdrawals on

supply of the products.

In setting upper limits on pool size, potential adverse
consequences also must be considered. Decreasing pool size may
decrease the number of vials available from a batch. With small
size batches, quality monitering and release testing could
consume a large portion of the batch. Decreasing batch size in
existing plants may result in sub-optimal processing. Decreasing
batch size in existing plants might decrease overall product

availability.

.It should be noted, also, that reducing pool size necessarily
would requife the production of a larger number of lots of any
given product to be produced in order to maintain the supply of
that product at a constant level. Therefore, for the full

" benefit of the smaller -pools .to be realized by the recipients of
these products, measures also must be taken to insure that the
recipients are not exposed to more lots of product and, thereby,

to more pools.

It may be that there are other approaches to reduce risk,

including additional and more sensitive testing methods, improved

14
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donor screening processes, improved viral clearance procedures,
and improved plasma management practices. FDA is committed to

examining all of these possibilities

IX. HISTORX OF FDA ACTIONS RELATING TO PQOL SIZE

Many of the steps mentioned above, such as donor screening, donor
testing, donor deferral, product gquarantine, reporting
requirements, viral clearance, and FDA iﬁspections, greatly
reduce the disease risks associated with plasma derived products.
Continuous efforts, however, need to be made to reduce the risks
to ever lower levels. Although reducing the pool size of plasma
derived products has been under consideration for some time,
increased attention to this issue has risen because of consumer

interest, CJD, and recent recalls.

At the March 1995 Blood Products Advisory Committee (BPAC)
meeting, FDA asked whether reducing the size of plasma pools from
which plasma'derived products are manufactured would be an
.effective precaution against transfusion-transmitted diseases and
under what circumstances FDA should consider mandating limits to
the scale at which certain plasma derived products are
manufactured. BPAC made no recommendation to adjust pool size

for plasma derived products.

15
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In response to further discussions with consumer groups and
recommendations of this Committee in its August 1996 report, FDA
reconsidered the issue of pool size and brought the issue to the
December 1896 BPAC for reconsideration. The following limits
were discussed for implementation in the short term: ' 15,000
donors per pool for products manufactured from source plasma and
© 60,000 donors per pool for products manufactured from recovered
plasma. Over the longer term, ¥FDA proposed, for discussion,
further reductions of poocl sizes. Additionally, FDA also

. proposed that whenever possible a plasma derivative such as
albumin that is added as a stabilizer or excipient to another

. product should be derived from the same plasma pool as the

product to which it is added.

Iﬁdustry representatives voiced concerns that significant
reductions in plasma pool size were not feasible primarily due to
cost and manufacturing caﬁability considerations. No
recommendation on pool size was made by BPAC as it was determined
that there was insufficient data on which to base a policy

decision.

On February 7, 1997, the International Plasma Products Industry
Association (IPPIA) wrote FDA after reviewing the proposals made
at the December 1996 BPAC meeting and urged that there be no
further discussion on limiting pool size. The letter stated that

no safety benefits would result from pool size reduction.

16
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Further, IPPIA stated that pool size reduction would result in
significant product supply reductions, as well as very
significant time and costs increases involved for remodeling
manufacturing facilities to accommodate smaller production scale

equipment.

In response to that letter, FDA stated a continued interest in
setting practical upper limits on plasma pool‘size. FDA pointed
out that pool size limits could limit risk of disease
transmission for patients who are infused infrequently and lessen
the impact of product withdrawals or recalls. This remains FDA's

position.

On June 26, 1997, FDA sent a letter to certain plasma
fractionators requesting detailed information on plasma pool
size. The purpose was to collect additional information upon
which to base a final decision on pool size. The letter also
asked for information on plasma recovery practices which may
further increase the pool size. FDA has not fully assessed the
interim estimates of pool size obtained in response to this
letter. After more detailed information is collected, analyzed,
and verified, FDA will be able to make a more informed proposal

on limiting pool size.

Since FDA's request, IPPIA has expressed interest in continuing

to discuss with FDA the issues related to increased plasma

17
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product safety. IPPIA met with FDA on July 14 to further those

discussions.
X.  CONCLUSTION

FDA faces significant challenges in helping to ensure the safety
of plasma derived products. We must strive for improvements in
the regulation and management of plasma derived products and the
plasma fractionation industry. As a part of this effort, we
believe that there should be practical upper limits on pool size
for the above-mentionad public health reasons. It is important
to remember that pool size is only one factor to be considered in
ensuring the safety of plasma derived products. Good
manufacturing practices and our enforcement of those practices is
alsoc an important part of the system of overlapping safeguards
that contribute to the safety of plasma derived products, and we
remain vigilant in our efforts to enforce the good manufacturing

practice regulations through the use of regulatory inspections.

18
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Mr. Chairman, Memplers of the Committee, thank you for the
opportunity to participate in today’s hearing on the proposed
fule on the ruminant to ruminant feed ban and the potential
trénsmission of spongiform encephalopathies to humans. My name
is Dr. Michael Friedman and I am the Deputy Commissioner for

Operations at the Food and Drug Administration (FDA).

FDA is the nation’s oldest consumer protection agency,
responsible for the safety and effectiveness of over $1 trillion-
worth of products and commodities.' We have been protecting
consumers against an ever-growing number of public health risks
for over nine decades, and we have not done it by standing still.
FDA constantly is being presented with new questions, for which
we are‘cqmmitted to seeking and finding answers, while applying
current statutes, state of the art science, and knowledge gained
from our experiences in responding to previous public health

risks.

FDA’s responsibilities encompass drugs for use in people and
animals, human biological products, medical devices, food,
dietary supplementé, cosmetics, and animal feeds. Each éf these
product groups has been considered with respect to the potential
for the transmissible spongiform encephalopathies (TSEs) in
humans or animals. As you may know, TSEs are a group of
transmissible, slowly progressive, degenerative diseases of the

2
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central nervous systems of humans and several species of animals.
This family of diseases is characterized by a long incubation
period, a relatively short clinical course of neuroclogical signs,
and 100 percent mortality. Examples of TSEs are scrapie in
sheep and goats, bovine spongiform encephalopathy in cattle,
transmissible mink encephalopathy, chronic wasting disease of
deer and elk, and Creutzfeldt-Jakob Disease (CJD) and kuru in

humans.

FDA has been involved actively in national and international
efforts focused on better understanding TSEs. FDA has
collaborated extensively with its sister Public Healfh Service
Agencies, the Centers for Disease Control and Prevention (CDC}
and the National Institutes of Health (NIH), and with the United
States Department of Agriculture (USDA), as well as with affected
industries and consumer groups. FDA has formed an intra-agency
working group composed of myself and experts from each FDA Center
to consider transmissible spongiform encephalopathies and their
impact on FDA-regulated products. A CJD Advisory Committee,
composed of outside experts, including academic and government‘
representatives; consumer groups, including the National
Hemophiliac Foundation; and industry groups, also was formed in
1995, and was rechartered in June 1996 for two additional years

as the TSE Advisory Committee.
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I. BOVINE SPONGIFORM ENCEPHALOPATHY (BSE)

Bovine spongiform encephalopathy (BSE), also referred to as “mad
cow disease,” is thought to be a transmissible, slowly
progressive, degenerative disease of the central nervous system
of cattle, and is similar to scrapie in sheep. BSE has a
prolonged incubation period in cattle (three to eight years)
following oral exposure and, as with all TSEs, once symptoms
appear, BSE invariably is fatal. There is no known treatment or-
cure. That said, we emphasize that BSE has not been detected in
cattle in the U.S., and since 1989, no cattle have been imported

from BSE countries as deslignated by the USDA.

Since BSE was first diagnosed in the United Kingdom {UK) in
Novenber 1986, more than 165,000 cattle from almost 33,000 herds
have been diagnosed with the disease.r BBE now has been reported
in native cattle in France, Switzerland, Portugal, the Republic
of Ireland, and Northern Ireland. The epidemic in the UK peaked
in January 19983 at nearly 1,000 new cases per week; currently
fewer than 200 suspected cases are diagnosed every week. The
disease has had a devastating impact on the cattle and béef"
industry in the UK where hundreds of thousands of suspect cattle
have begen killed and incinerated to prevent further spread of the

disease.
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Epidemioclogical studies, including computer simulation of the
epidemic in the UK, suggest that feeding cattle rendered meat and
bone meal from animals infected with some TSE agent was the
vehicle for the spread of the disease. The practice of adding
meat and bone meal to animal feed has become a common way for
producers to supplement their animals’ protein and other dietary
needs. Possible hypotheses as to the original UK source of the
TSE agent are: 1) that it was a modified form of scrapie
transmitted via rendered by-products of sheep, or 2) that it was -
a cattle-adapted strain of a scrapie-like agent, also spread via
* feed. Both theories are consistent with the epidemiological
findings. Of particular importance, recent research in the UK
suggests that the BSE agent is resistant to the rendering
processes used in that country. This research further supports
the epidemiclogical evidence that the disease has been spread
through rendered meat and bone meal added to cattle feed,
Scientists also have theorized, however, that BSE could occcur

spontaneously in cattle, though presumably at a very low rate.

Possible Link Between BSE and CJD
Scientists also have theorized about the impact of BSE on human
health and its possible link to CJD. CJID is a slow degenerative
human disease of the central nervous system characterized by

motor dysfunction, progressive dementia, and vacuolar
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degeneration of the brain. The incidence of CJD in the U.S. is
similar to the incidence in the rest of the world. Sporadic
cases of CJD occur world-wide at a rate of one case per million

population per year.

On March 20, 1996, the British Government announced a possible
link between BSE and teh cases of a new type of CJD in humans.
These recent cases appear to represent a new variant of CJD (nv-
CJD) that seems to be unique. At a World Health Organization
(WHO) consultation in April 1996, a group of internatiocnal
experts concluded that there is no definite link between BSE and
this small group of people with nv-CJD, but epidemiological
evidence suggests exposure to BSE before the UK specified tissue
ban in 1989 may be the most likely explanation. To date,
scientists have identified the distinctive nv-CJD brain pathology
in 15 people with CJD in BSE countries (14 in the UK, 1 in
France). In October 1996, Dr. John Collinge, one of the foremost
‘British authorities on cJp, and his colleagues published the
results of their research on various strains of the agents
believed to transmit BSE. The results suggest that the agent
found in nv-CJD resembles the BSE agent rather than the sporadic

CJD agent.

As stated, BSE has not been detected in cattle in the U.S., and
since 1989, no cattle have been imported from BSE countries as

6



64

designated by USDA. Nevertheless, the possible link between nv-
CJD and BSE, and new information about the origin and etioclogy of
the BSE agent have prompted the pﬁblic, the U.S. Government and
affected industries to wview this disease very seriously. As a
result, several important measures have been undertaken to
further reduce the remote risk of BSE occurring in the U.8. It
should be stressed, however, that there is no established

scientific link between BSE and CJD in humans.

Proposed Rule: Ruminant and Mink to Ruminant Feed Ban
One critical measure is the issuance by FDA of a Notice of
Proposed Rule Making (NPRM) to prohibit the use of nearly all
tissues from ruminants -- animals such as cows, sheep, and goats
-- in feed intended for ruminants. Mink tissue also would be
prohibited from such feeds, because of known cases of TSE in mink
raised in the U.S. The prohibition on feed ingredients proposed
in the NPRM is intended to prevent the spread of BSE in cattle in
the unlikely event that the disease should ever occur in this
country, and to further minimize any risk that might be posed to
humans. The NPRM was published in the Federal Register on
January 3, 1997, after FDA completed an in-depth review of the
660 comments it received last year in response to its advance
notice of proposed rulemaking related to the feed ban. These

comments covered many of the scientific and economic issues
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addressed in the NPRM. FDA'’s proposal to ban the use ruminant
and mink proteins in ruminant feed follows a voluntary industry
moratorium on similar feeding practices instituted in March 1996
by national livestock organizations and professional animal
health groups and endorsed by FDA, CDC, NIH, and the USDA. The
finalization of the proposal will add another level of safeguards
to protect the U.S. against the remote potential risk from TSEs.
Moreover, FDA’s proposed regulation is supported by last year’s
WHO recommendations for countries in which no BSE has been

diagnosed.

The NPRM provides that animal protein derived from ruminant and
mink tissues are not generally recognized as safe (GRAS) for use
in. ruminant feed and is a food additive subject to section 409 of
the Federal Food, Drug, and Cosmetic (FDC) Act. The
determination of food additive status for this substance {protein
derived from ruminant and mink tissues) will help to ensure that
it will not be marketed in the U.S. until such time as FDA
determines it to be safe. The NPRM proposes to.exempt from the
ruminant protein feed ban three tissue types that have shown no
signs of potential infectivity. These exceptions include bovine
blood, ruminant-derived milk, and gelatin. A second component of
the rule provides for a system of processes and controls,
including record keeping and labeling, that is necessary to
ensure the proposed rule will achieve its intended purpose.

8
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Based on the overwhelming evidence we have on transmissibility,

if for some reason a case of BSE were to occur in the U.S., and

it is important to reemphasize that not even one case of BSE has
ever been found here, the steps being proposed in the NPRM would
confine it to the individual animal and greatly decrease the

potential risk to other animals and humans.

The preamble to FDA’s proposed rule points out that FDA is
considering alternatives to the proposed ruminant and mink
protein to ruminant prohibition and that it also is seeking
comments on those alternatives, which include a(n): (1) Adult
sheep and goat specified cffal to ruminant prohibitibn;

(2) Prohibition to ruminants of all materials from U.S. species
which have been diagnosed with TSEs (sheep, goats, mink, deer,
and elk); (3) Partial ruminant to ruminant prohibition;

(4) Mammal to ruminant prohibition; (5) No regulatory action;
and, (6} Other alternative approaches that meet FDA’s regulatory

objective.

Although BSE does not exist in the U.S., we believe that the
preventive approach FDA is taking in the NPRM is justified by
what we now know about this disease and how it is caused and
spread. As noted above, epidemiological evidence corroborates
the theories that the origin of BSE was caused by the feeding to
cattle of meat and bone meal either containing the scraple agent

9
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from rendered by-products of sheep, or a cattle-adapted strain of
a scrapie-like agent from rendered by-products of cattle.

Current U.S. rendering techniques would decrease, but probably
not totally eliminate the BSE agent. Since sheep scrapie and
other animal-borne TSEs already are known to exist in the U.S.,
the epidemiological evidence indicates that BSE could possibly
develop and be spread here under unrestricted feeding practices.
Moreover, the risk that BSE-infected cattle or feed could be
imported inadvertently from BSE infected countries, or that BSE
could occur spontaneously further supports the preventive
strategy proposed in the NPRM. The strategy provided in the NPRM.
alsc is supported by the steady decline in the number of cases of
BSE in the bK after they established similar restrictions on

ruminant feeding practices.

Comments are being solicited by FDA on all aspects of the NPRM,
including the scope of the ban and the list of exempted tissue
types. A 45 day public comment period expires on February 18,
1997. To facilitate notice and comment on the NPRM, in addition
to providing the proposed rule to the CDC, NIH and the USDA, FDA
provided a copy of the proposed rule to the group of
international experts interested in BSE. The document was
delivered to heads of foreign public and animal health
organizations and to appropriate officials of our major animal
products trading countries. During February, FDA yill hold two

10
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open public forums to discuss the notice of proposed rule making
to prohibit the use of rendered ruminant and mink protein
products in ruminant feeds. Comments may be submitted to the
Dockets Management Branch, Food and Drug Administration, 12320
Parklawn Drive, Room 1-23, Rockville MD 20857. These comments
will be reviewed by the Food and Drug Administration and will be

used in preparing final regulations.

FDA recognizes that American consumers look to us to assure the
safety of the U.S. food supply. We believe that the strong
preventive strategy provided in the NPRM is supported by the best
available science on BSE and that this approach significantly
reduces risk to animal health and any perceived risk to human
health. As the’scientific knowledge about BSE, and all TSEs,
increases -- and the science in this area is growing rapidly --
FDA will continue to review this new evidence and steer a course

that maintains high standards for foodvsafety in this country.
II. CJD AND PROTECTION OF THE BLOOD SUPPLY
The history of TSE raises questions regarding the

transmissibility of CJD through human tissue. While there are no

recorded cases of CJD transmission in humans through blood, there

11
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is a theoretical possibility for transmission and FDA has taken

aggressive actions to significantly mitigate that potential risk.

The blocd supply plays a critical role in the American health
care system. While the U.S. has one of the safest blood supplies
in the world, it is a formidable task to keep it so. Each year, .
approximately 12 millioh units of blood are drawn from volunteer
donors for use by more than 3.5 million Americans. Much of this
blood, and an additional 12 million units of plasma, is processed
into further products, referred to as derivatives, such as immune
globulin, used to prevent infections, and clotting factors, such

as antihemophilic factor, used to treat bleeding disorders.

Because blood donors may harbor undetectable or undetected
communicable disease, blood can transmit disease. Because of
this risk, and the fact that millions of Americans depend on
blood and blood products, efforts to ensure the safety of the
blood supply are a high priority for FDA. One of the challenges
such efforts entails is application of current, buf incomplete
and emerging scientific knowledge, in the decisions about how

best to protect public health. CJD presents such challenges.

12
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Background/History of CJD
CJD is a rare but invariably fatal, degenerative neurclogical
disease believed to be associated'with a transmissible agent.
Caseé arise spontaneously at low frequency for unknown reasons;
perhaps acquired by external exposure to infectious material; or
may arise spontaneously at higher frequency in persons with
certain genetic mutations. CJD affects approximately one person
to two person per million per year worldwide. From 1979 through
1994, CJD was recorded as a cause of death in 3,642 deaths in thé
U.S.; representing a stable incidence. (CDC Dispatches, Emerging
Infectious Diseases, Vol. 2, No. 4, October-December 1936). The
clinical latency of CJD can exceed thirty years, although the

incubation period is shorter for the known latrogenic cases.

The nature of the transmissible agent for CJD is not established,
but seems to be highly resistant tq the current methods of viral
inactivation employed with plasma derivatives. The disposition
of the agent during fractionation of various plasma derivatives

is not presently known.

Between 1983 and 1987, approximately 300 million units of blood
and plasma were donated. From 34 reports received (with some
reports containing information on more than one donor}, 37 donors

were either subsequently diagnosed with CJD or deferred based on

13
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concerns with CJD. Of the 37 blood/plasma donors, 25 were
reported as subsequently diagnosed with CJD; four had a family
member who was diagnosed with CJD; four had received Human
Pituitary-Derived Growth Hormone (HGH): and, four had received a

dura matter transplant;

The available basic scientific and applied epidemiological data
provide no evidence of transmission of CJD via blood transfusion
in humans. Moreover, transmission by intravenous infusion of
whole blood from CJD patients has not been demonstrated in
subhuman primates. The disease, however, has been verifiesd to be
transmitted between humans by transplantation of corneas and
cadaver dura mater grafts from affected individuals, by use of
contaminated EEG electrodes, by certain neuroclogical procedures
and by.injections of HGH. (CDC Dispatches, Emerging Infectious
Diseases, Vol. 2, No. 4, October~December 1996). (It should be
noted that HGH is no longer used having been replaced by a
recombinant-DNA derived alternative product.} In addition, the
disease has been transmitted to rodents in laboratory experiments
by injecting the buffy coat component of blood from an affected
patient intc the rodent brain. Although CJID has occurred in
transfused patients, we stress that there has not been a

documented case of CJD being transmitted through z blood
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transfusion. Moreover, there has not been an identified case of

hemophiliac death from CJD.

We know that despite our best efforts blood and blood products
will never be totally risk free, but we continue to work to
achieve optimal safety and availability. While our current:
knowledge of blood-borne diseases has improﬁed significantly over
the past 10-15 years, current scientific knowledge is still
incomplete. For example, there is currently no serum test

capable of detecting CJD infection.

The fact that there are no documented cases of blood‘or blood
product transmission of CJD in humans does not end the inquiries
into thg disease nor does it mean that FDA and other agencies and
research entities can be complacent. Basic and applied research
into the infectious processes of CJD continue to serve as the
catalyst for the evolution of FDA policy. We cannot let the

absence of scientific information paralyze us.

FDA Regulatory Response
The development of FDA regulatory policy with respect to blood
products that could possibly carry a risk of the disease CJD has
been vigorous and is ongoing. As clinical and epidemiological

knowledge of CJD has increased, FDA has responded aggressively by
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reviewing and modifying its policy. Throughout this process, FDA
has worked closely with both CDC and NIH, among others, in
determining the most appropriate regulatory course of action.
Extensive public discussion with all segments of those affected ~
recipients of products, medical professionals, academicians and

industry -- has been conducted throughout FDA deliberations.

FDA Actions Related to Blood and Blood Products
FDA involvement in addressing the possible impact of CJD on the
nations’s blood supply began with the early awareness of possible
transmission. On November 25, 1987, FDA issued a “Memorandum to
All Blood Establishments” entitled “Deferral of Donors Who Have
Received Huﬁan Pituitary-Derived Growth Hormone.” This document
recommended that all persons who received HGE be barred

permanently from donating blood or plasma.

For the period 1983-1892, there were only four reported blood
donors who had a confirmed diagnosis of CJD reported post-
donation. 1In response, the blood and plasma product
manufacturers initiated a voluntary withdrawal of in-date
products that had been prepared from donations from these
individuals. 1In December 1983 FDA expanded its position and
issued recommendations for more complete reporting of “post

donation information” related to safety.
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Partly as a result of these FDA policy recommendations, in late
1994 and early 1895 FDA began receiving additional reports of CJD
affected individuals who had donated blood and plasma. At FDA's
request, the manufacturers placed in-date, licensed, injectable
derivatives (of blood and plasma), as well as intermediates
(those products used in further processing), into quarantine
awaiting development of FDA recommendations on the use of

implicated material.

At the Blood Products Advisory Committee (BPAC) FDA presented
data regarding the biclogy of CJD and case histories of CJD-
related donor deferrals and product withdrawals on December 15,
18%4. In March 1995, BPAC was again updated on CJD. BPAC was
presented with the available scientific information and options
for action. BPAC was unable to reach consensus decisions on all
of the issues related o product disposition and recipient

notification.

FDA, in an effort to further develop its policy on CJD, and
because of the cutstanding issues that required additional public
discussion and consideration, formed a Special Advisory Commiitee
on Creutzfeldt-Jakob Disease and presented information tc it on
June 22, 1995, The Special Advisory Committee agreed that:
® there was no scientific evidence that CJD is transmitted by
transfusion of blood products or by administration of plasma

17
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derivatives:;

® implicated blood components should be withdrawn;

® implicated plasma derivatives should be withdrawn; and

e if implicated blood components and/or plasma derivatives are
to be released for transfusion, these products should bear

special warning labels.

Within two months, -after considering these deliberations and
extensive internal discussion, FDA issued an interim policy in a
memorandum .dated August 8, 1995, fegarding blood products and
plasma derivatives. This further broadened its guidance on donor
exclusions for CJD risk and called for withdrawal of implicated
blood products. A provision was made for release of affected
products in case of a documented shortage provided that the

products-carried a special label.

In an effort to further expand. the knowledge of CJD, FDA and
NIH's National Heart, Lung, and Blood Institute held a CJD
Workshop on Design of Experimental Studies of Transmission of
CJD. The FDA also held many discussions at BPAC on product

warning labels.

To avoid the disposal of safe and effective products while
.protecting public:health and safety, FDA consulted extensively
with experts in the field of TSEs on the familial nature of some

18
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CJD cases and appropriate use of genetic testing to clarify risk.
The Transmissible Spongiform Encephalopathies Advisory Committee
(TSEAC) (formally known as the Special Advisory Committee on
Creutzfeldt-Jakob Disease) met a second time on July 2, 1996, and
discussed refinements to the August 1995 policy. These included
the option of reentering deferred donors based on genetic testing
results and the disposition of plasma derivatives prepared from
product collected from donors with only a single family member
diagnosed with CJD. Also, in November 1996, FDA, in cooperation
with others, held two public meetings/workshops. Notification
procedures to be utilized for implicated products were

considered.

FDA revised its recommendations for CJD in a memorandum to
manufacturers on December 11, 1896, based on opinions of the
advisory committees, public discussion, FDA internal
deliberations and discussions with other agencies. The
December 11 memorandum updated and superseded the FDA memoranda

of August 8, 1995 and November 25, 1987.

FDA, in its December 11 Memorandum, reiterated that the
assessment of CJD risk -in the donor is a critical responsibility
of the blood establishments. In particular, FDA emphasized that

family history of CJD requires careful investigation. FDA has

19



77

recommended that a family history of CJD should be confirmed by a
physician and documented on the basis of currently accepted
diagnostic procedures. Also, familial risk, in the context of a

donor, applies only to blood relatives of non-iatrogenic cases.

The cautious approach the FDA has taken on CJD related to blood
products also affects other products. There are estimated to be
over 500 products which use plasma products/derivatives either in
marufacturing or formulation, Plasma for manufacturing comes
from approximately 25 million donations of blood and plasma
derived from about 10 nillion blood and plasma donors per year.
Over a ten year peried, 1984-1993, plasma fractionation capacity
worldwide iﬁcreased 61 percent. (Robert, Journal of the American

Blood Resources Associatien, at 75, Vol. 4, No, 3 1995).

There is ongoing discussion being conducted by FDA and others
concerning the level of risk of CJD transmission in plasma
derivatives and blood components. Experiments ;d gquantify this
risk are being undertaken by the government and the blood
industry. However, it is likely to take several years before
conclusive results are obtained. Most sclentists believe that
any risk from plasma derivatives must be significantly less than

from whole blood componenis.
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Despite this inability to more precisely quantify the nature of
the risk, as a precaution, FDA has recommended that Source Plasma
and plasma derivatives, prepared from donors who are at increased
risk for developing CJD, should be quarantined and destroyed.

FDA has made an exception from this guarantine for the plasma
derivatives, i.e., albumin, immune globulin, etc. {licensed,
injectable products), prepared from pools which contain products
collected from a donor with only one known family member with
CJD. This exception is made because the probability that the

case represents familial CJD is low.

FDA has not recommended the quarantine of blood prodﬁcts intended
for- further research or manufacturing into non-injectable
products. FDA has recommended, however, that such .products
should be labeled with the following statements: 1) “Biohazard”;
2) “Collected from a doﬁor determined to.be at risk for CJID";
and, 3) “For laboratory research use only”, or "Intended only for

further manufacture into. non-injectable products”.

In the circumstances of a donor with CJID or at increased risk
for CJD, consignee notification is recommended to pérmit
recipient tracing and notification as deemed medically
appropriate. Given the limited current knowledge about CJD as it

relates to blood safety, FDA has made. only a few gensral
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recommendations about “lookback” notification. In the event that
a donor gives a history of only one known family member with CJD,
FDA does not recommend notification of consignees of plasma

derivatives or expired blood components.

FDA policy on protection of the blood supply from the remote
possibility of CJD transmission has been developed as knowledge
and data has evolved. The recommendations for donor deferral,
product disposition, and recipient notification have been
developed based on a consideration of risk in the donor, risk
from the product, and the potential  impact on blood product
availability. Given the significant size of the population using
these products, it is appropriate for FDA to consider the impact
of withdrawal from distribution of plasma products in its risk
benefit analysis from the perspective of both the effect on the
supply of products and the benefit to potential recipients of the
products. In its decisions, FDA attempts to balance the need for

the products and the risk of using the products.

FDA Decision Making: Case Study
The application of FDA policy in situations invelving CJD is
evidenced by a recent case. FDA was notified that the certain
lots of anti-hemophilic products were manufactured using an

ingredient, which had been prepared from pooled plasma,
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containing a unit from a blood donor whe later died of CJD.
These particular anti-hemophilic products had not been released
(for distribution) nor approved for release by FDA at the time of

the notification to FDA,

In this case, FDA was faced with evaluating the potential risk of
CJD in the final products; determining whether FDA should approve
release of the lots; and, if released was approved, should any

type of notification be provided.

FDA reguested a risk assessment from the company which concluded
that the risk of CJD in the product was negligible. This risk
assessment was reviewed internally and independent risk
assessments were obtained from CDC, NIH and Johns Hopkins
University. All agreed that the risk, if any, was likely to be
remote and considered ‘“vanishingly small” in one analysis. An
assessment alsc was made of the impact on the supply of purified
factor VIII available for recipients if the product was not
released. The conclusion, based on the scientific analysis and
a2ll available, relevant data, was that there was a remote risk of
CJD and the products were suitable for release. FDA requested,
however, that the situation be conveyed to the affected community
~-- the hemophilia organizations. The company informed the
hemophilia groups. The groups released information on the
situation in a community newsletter and other sources.
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FDA continues to develop its policy and evaluate the safety of
products that have had exposure to an implicated plasma
derivative (usually transferrin or albumin} during manufacturing

or formulation as new data and information are available.

Adequacy of FDA Response
Although FDA’s regulatory response to CUD was initiated long
before 1995, the recommendations and comments of the Institute of
Medicine (IOM)} in its 1995 report‘could be considered as a
framework for evaluating FDA’s actions concerning the possible
CJD transmission in the blood supply. In its 1995 report HIV and
the Blood Supply: An Analysis of Crisis Decisionmaking, the IOM
concluded that FDA had “missed opportunities” for sction in
addressing the potential for HIV infection in the blood supply
and had chosen “the least aggressive option that was
justifiable.” The report acknowledged that previous decisions
were made “in the context of great uncertainty” given the
science. When “knowledge is imprecise and incomplete,” however,
IOM recommended that there should be “a more systematic approach
to blood safety regulation when their [sic] is uncertainty and

danger to the public.”
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The IOM made several recommendations directed specifically at FDA
which mirror FDA’s actions in developing responses to possible

CJD transmission through the blood supply.

Recommendation 6 of the ICM report stated:
Where uncertainties or countervailing public health concerns
preclude completely eliminating potential risks, the FDA
should encourage, and where necessary reguire, the blood
industry to implement partial solutions that have little risk

of causing harm.

Recommendation 7 of the IOM report stated:
The FDA should periodically review important decisions that it
made when it was uncertain about the value of key decision

variables.

FDA has undertaken to incorporate these recommendations into its
decision making and oversight of the nation’s blood supply. The
discussion of FDA’s actions taken in response to the concerns
raised by possible CJD transmission illustrate that FDA has
benefited from past lessons and has responded to the challenge of
dealing with uncertain risks that could impact the safety and

availability of blood and plasma products.
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This Committee also made recommendations in its report Protecting
the Nation’s Blood Supply From Infectious Agents: The Need For
New Standards To Meet New Threats {(House Report 104-746,

August 2, 1996). In response to the Committee’s concerns, FDA
has provided enhanced public access concerning recalls and
withdrawals of blood and bloocd products; increasing public input
in the discussion regarding policy development on withdrawals and
notification of plasma products; and, continuing research into

the risk factors associated with pool size of denors.

FDA has made information concerning recalls and withdrawals
widely available to interested and affected parties. A voice
information system with toll free lines has been set up with
information on fractionated produét recall and market withdrawal
information. A fax information system has been put into place
allowing “fax-~on-demand.” The FDA Home Page contains the recall
and withdrawal information and an automated e-mail system has
been established to distribute information to those persons
desiring information not only on recalls and withdrawals but all

blood related public documents.
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CONCLUSION

FDA continually strives to make the food and bleod supply safer.
We will continue to evaluate new studies, scientific and
epidemicological data on TSEs and apply that knowledge to FDA
policy. We look forward to working with the Committee on these

issues.
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Mr. SHAYS. Why don’t we start in—and I'll start with you, Dr.
Zoon. What is the largest pool size that has been reported to the
FDA?

Ms. ZoON. The interim information that we have received to
date, approximately 400,000, if one includes the pooling of inter-
mediates.

Mr. SHAYS. And was that a surprise to you, this size?

Ms. ZooN. I would say that that was larger than I had antici-
pated.

Mr. SHAYS. What would explain why the FDA wasn’t able to tell
us the pool size? Is it just something you hadn’t focused in on
or—

Ms. ZooN. We had information that is available to us from a va-
riety of sources. One initially was some information that we had re-
ceived from ABRA, which is the association—let me see if I can re-
member—the Association of Blood Resource—American Blood Re-
sources Association. And those estimates that we were given at
that time were approximately 10,000, I believe.

However, further information upon receipt of the request FDA
issued to nine of the major plasma pools, there is clarification also
at the BPAC advisory committee that, in fact, these reflect the pri-
mary pool sizes and did not include estimates of the intermediate
pooling or consideration of adding excipients to the purified or the
final product.

Mr. SHAYS. Is it fair to say the FDA was thinking that these pool
sizes were more like 10,000 and then learned it was 60,000? But
wouldn’t it be pretty surprising for you all to have learned that it
was 400,000 in one instance? I mean, was that a surprise?

Ms. ZooN. I think the number of 400,000 was high. I think at
the Blood Products Advisory Committee earlier, I believe a presen-
tation was made by one of the blood associations, that it was poten-
tially as high as 100,000. But 400,000, I think was higher than I
would have predicted.

Mr. SHAYS. Does that give the FDA a greater interest in trying
to take a look at this issue?

Ms. ZooN. Well, we are committed to putting a limit on pool size.

Mr. SHAYS. OK.

Ms. ZoON. And I think as we get additional information and ana-
lyze it and verify that information, we will certainly view limits on
pool size as part of a—our recommendations.

Mr. SHAYS. OK.

Dr. Satcher, I got the sense from you that you were basically say-
ing we needed to obviously be pretty cautious when we get into this
area for a variety of reasons. And Dr. Brown, from your comments,
I made an assumption that one individual could contaminate the
whole lot. And the whole pool. But from your testimony, it made
me wonder if you were saying to us that a large pool could make
the one bad donor almost insignificant because it would be spread
i)ut ((i)ver so many, I just want to clarify that, without it being di-
uted.

Dr. BROWN. The significance, in my judgment, would be the
saxlne. And the concept of a fully dispersed small number of par-
ticles——

Mr. SHAYS. Right.
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Dr. BROWN [continuing]. Is crucial here. Already at the smallest
pool size that’s made, probably the number of infectious particles
are already fully dispersed and they’re in their 40 doses whether
it’s 100,000 doses or——

Mr. SHAYS. I need to understand you in my way of thinking.

Dr. BROwN. OK.

Mr. SHAYS. The question I am asking, you are answering it, but
I am not hearing you right, so let me just say it again, and maybe
you can put it in my terms. I just want to be clear. Can one donor
in a very large pool be so diluted that it doesn’t have significance?
Or will there be—will some of the pool be polluted, will be contami-
nated, or will the whole pool be contaminated with one bad donor?

Dr. BROWN. Some of the pool.

Mr. SHAYS. OK.

Dr. BROWN. And it doesn’t much matter whether it is 10,000,
100,000, or a million. The same amount, the same number of do-
nors will be at risk—excuse me, the same number of recipients will
be at risk.

Mr. SHAYS. Right. But some will not actually end up with con-
tamination.

Dr. BROWN. That’s correct. If you have 10,000 doses and say 5
infectious particles, 5 people are going to be at risk and the rest
of them will not be.

Mr. SHAYS. I got you.

Dr. BROWN. Yes.

Mr. SHAYS. It would seem to me, maybe I guess we will get into
the whole economies of it, but it would seem to me that using—
let me back up and say does that only relate to CJD or does it re-
late to all types of contamination?

Dr. BROWN. It may relate to more than CJD if we’re talking
about unknown agents. It certainly, I think, relates to CJD in a
way that it does not relate to things like hepatitis and HIV, correct.

Mr. SHAYS. So with HIV, if a large pool is contaminated, that en-
tire plasma will be contaminated, or just again particles hit or
miss?

Dr. BROWN. My understanding is, using this analogy of a large
number of particles versus a small number of particles, a much
greater amount of infectivity will be distributed. And many more
individuals would be infected than is true for CJD, which, although
we haven’t measured it in humans, we have a pretty good idea
from experiments that the amount of infectivity, even in an in-
fected animal or human, is very, very small.

Mr. SHAYS. OK.

Dr. Satcher, do you want to respond to any of the questions I
asked?

Dr. SATCHER. No, except to restate the fact that we support
FDA’s commitment to reexamine this issue and to take advantage
of the benefits of smaller pool sizes. We realize that there are some
other issues involved, like the pool size required for immuno-
globins, for example, that we need in these pools. And also, the
whole issue of the supply and the effect of pool size on the supply
of available plasma products. But given that, yes, we support the
direction of FDA.
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Mr. SHAYS. OK. Before this panel leaves, I am going to want us
to just list the advantages of a large pool size and the disadvan-
tages. But, I would like to move to Mr. Towns.

Mr. TowNs. Thank you very much, Mr. Chairman. So could I just
sort of get the format, are you going to have a second round or 5
minutes, Mr. Chairman?

Mr. SHAYS. Pardon me?

Mr. Towns. Five minutes or a second round?

Mr. SHAYS. No, no. You have as much as you want. You just
move along.

Mr. TownNs. OK. Thank you very much.

Dr. Brown, you have conducted experiments on rodents and CJD.
First of all, have those studies had peer review?

Dr. BROWN. Yes, they have from one journal.

Mr. TownNs. And what do you believe the results mean for hu-
mans?

Dr. BROWN. I think they put us on an alert status, which is to
say, granted we can’t infer from rodent studies what exactly is hap-
pening in humans, but, as you know, we don’t have 500 disposable
humans to experiment on, so rodents and primates and experi-
mental animals are the only way to go.

I think what we have shown is that not only is there potentially
infectivity present in blood as a whole, but we have defined where
in the blood we have to be most careful. And they include at least
two plasma fractions. Therapeutic products are made from plasma.
And plasma is processed and then made into products such as
antihemophiliac factor and immunoglobulin.

The first step in that is a step called Cohn fractionation. The
plasma is made into fractions and each one of those fractions is a
source of a specific therapeutic product. We’ve determined that, at
least in the rodent experiments, and using inoculation of specimens
directly into the brain, again not the same thing as transfusing an
animal, that infectivity can be detected in white cells, in plasma,
in cryoprecipitate, which is the source of Factor VIII, and in what
is called Cohn fraction 1, plus 2, plus 3, which is the source of
immunoglobulins. We have not detected infectivity in the two last
Cohn fractions, which among other things is the source of albumin.

Mr. Towns. Thank you.

Dr. Satcher, can you tell me about the CDC’s efforts to establish
active surveillance systems in six States and tell us what we can,
in Congress, can do to help you establish the similar surveillance
systems in the other 50 States? And also name the States you have
surveillance in. I know Connecticut is one.

Dr. SATCHER. You—I'm glad you said it. Now I know what you’re
talking about. You're talking about the emerging infectious disease
centers.

Mr. TOwNS. Yes.

Dr. SATCHER. Let’s see if I can remember them. Connecticut is
one. New York is one. California.

Mr. SHAYS. New York is one.

Dr. SATCHER. California has one. And I believe Oregon. Georgia
now has a center. And I'm blocking—oh, Minnesota and Maryland.

Mr. TownNs. Minnesota.
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Dr. SATCHER. Those are the seven. And we do hope to fund one
more in fiscal year 1998. And then we would like to move to maybe
at least two more without addressing Emerging Infectious Disease
Programs. So we have in the fiscal year 1998 budget plans for con-
tinuing to expand our Emerging Infectious Disease Programs
throughout the country.

And as you know, the one in Connecticut was very helpful to us
in looking at some of the issues related to the cases you’ll probably
be discussing later with some of the others. But it’s been very help-
ful in terms of surveillance in that area.

Mr. TownNs. Thank you.

One of you alluded to the whole HIV thing. Let me sort of—is
there any similarity between the growth and spread of AIDS
throughout the population and the growth of CJD?

Dr. SATCHER. I guess I would say very little. And let me just ex-
plain what I mean. If you look at the HIV epidemic, which we first
identified in 1981 from epidemiologic data, we didn’t identify the
virus until 1983 in this country, the AIDS epidemic has spread rap-
idly throughout the world and is now a global epidemic or a pan-
demic.

It’s an epidemic that continues to spread for many reasons. No.
1, the transmissibility of the virus. It’s possible to spread this virus
through the transfer of body fluids and that includes sexual inter-
course and other ways in which body fluids are transferred, obvi-
ously transfusion; injection drug use. And so generally the transfer
of body fluids makes spreading of HIV possible. We don’t think
that’s true with CJD.

The other thing with HIV that’s made it such an epidemic, of
course, is the prolonged period of incubation before a person be-
comes ill in many cases, and the fact that all during that period
of time, that person is capable of transmitting the virus to other
people.

We get excited about Ebola when there’s an Ebola outbreak be-
cause it’s so dramatic. It kills 80 percent of the people it infects.
But it cannot sustain an epidemic easily because it kills the host
so rapidly that they don’t have time to spread it to others. But HIV
is just the opposite. People can walk around 5 to 10 years with the
virus spreading it to others without being ill themselves.

Now, with CJD, we have conducted mortality surveillance since
1979 in this country. And we have seen no evidence of any major
change in the fact that about 1 in 1 million persons is infected with
CJD. There’s been no significant increase. You know, that’s been
very important with the BSE out—problem in England, bovine
spongiform encephalopathy. The fact that we've seen no increase
and no change in terms of the age of persons with CJD has given
us some comfort that we’re not facing that problem. So CJD has
been very stable and the preponderance of scientific evidence would
suggest to us that it is not transmitted through blood.

However, as Dr. Brown said, things like being able to detect the
prion in the blood of a very small number of persons with CJD con-
cerns us and the fact that in animals you can, in fact, transmit the
infection from blood if injected into the brain. But there is a big
difference from HIV.
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Dr. BROWN. And to Dr. Satcher, in the context of comparison be-
tween HIV and CJD, there are two things that we don’t have in
CJD that would be awfully nice to know. The first thing is that
people with CJD are rarely found to be donating blood. People who
are sick don’t generally donate blood. We don’t know how long be-
fore a patient gets CJD clinically he might be infectious. And we
have no test to detect the infectivity in blood. Major difference with
HIV. We can’t screen for silent incubating CJD patients. And that
would be a very useful thing to know.

Dr. SATCHER. Very good point.

Mr. Towns. All right. Let me just ask one more, and then I will
move on.

Mr. SHAYS. Sure.

Mr. TowNs. Dr. Satcher, I have read the public health system is
in disarray. I understand that in some States and local health clin-
ics the simple process of getting children vaccinated can become a
long, long ordeal.

Do you have any suggestions for the Congress in what we need
to do to assist in rebuilding our health system?

Dr. SATCHER. That’s a very important question. And I hope I can
do it some justice.

The Institute of Medicine’s report in 1988 pointed out that our
public health system was in disarray. We have allowed our public
health infrastructure in many cases to deteriorate. I think we've
seen that most dramatically in the resurgence of tuberculosis, a
disease that we thought we had under control. But for many rea-
sons, not just the deterioration of our public health infrastructure,
but new changes like HIV and increasing immunodeficiency, for
various reasons we saw the return of tuberculosis.

CDC has been committed now for several years to help rebuild
the public health infrastructure by supporting State health depart-
ments, for example. And one of the things we're doing with the
emerging infectious disease program, in addition to the emerging
infectious disease centers that we have in a few States, we have
now 20 States where we have been rebuilding the public health
laboratories so that they can play a stronger role. We have the
Public Health Leadership Institute, and we just initiated one in the
Northeast with New York, Pennsylvania, Maine, Vermont, New
Jersey and Rhode Island where we’re training leaders in public
health over a year’s period of time. So that now in almost half of
the States in the country there are public health leadership insti-
tutes.

We keep asking Congress for support that would allow us to re-
build a public health infrastructure so every year our budget re-
flects that goal.

Mr. Towns. Right.

Dr. SATCHER. And not just ours, we're working with our partners
in FDA and NIH and others.

Mr. Towns. This question comes up, Mr. Chairman, in the ques-
tion you raised you wanted additional information on. It is my un-
derstanding that although the FDA Blood Advisory Committee has
considered pool size, it has not issued final recommendations about
pool size.
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Can you tell us where the FDA is in that process? If you want
to add that to what the chairman is saying, we can do it at that
time. I would like that to be a part of the question. And at this
time I would yield back.

Mr. SHAYS. Dr.—Mr. Snowbarger.

Mr. SNOWBARGER. Not Dr. And I am going to prove that with the
questions I asked. And I do apologize in advance for perhaps the
ignorance of the questions, but I need to get back to a little more
basic information. And prior to preparation for today’s hearing I
was not aware of CJD and don’t know much about it. So I would
like to ask some questions there particularly as it is related to the
blood supply.

Am I hearing you correctly, and I am talking about you as a
panel, that we are not certain the extent to which CJD is trans-
mitted by blood or blood products?

Dr. SATCHER. I think, and Dr. Schonberger testified here in Jan-
uary and he is certainly one of the world’s experts in this area, I
think our conclusion would be that the preponderance of scientific
evidence to date is that there is no evidence that CJD is trans-
mitted in the blood. Having said that, CDC continues to look at
this issue through retrospective studies. And to date, for example,
there has been no evidence that persons with CJD are more likely
to have hemophilia or sickle-cell disease or thalassemia where peo-
ple receive a lot of transfusions. In fact, I don’t believe there’s been
a report of CJD in a hemophilia patient in the world. And now of
course we've initiated our prospective studies looking very critically
in hemophilia patients and studying over a period of time to make
sure that if there is any evidence out there that we will find it.

So on the one hand I'm saying there’s no preponderance of evi-
dence to date, and on the other hand I'm saying we’re still looking
openly and critically at this issue.

Dr. BROWN. Do you want a 33-second primer on CJD?

Mr. SNOWBARGER. Thirty-three would be about right. That’s
about all I can hold.

Dr. BROWN. CJD kills about 1 in 1 million people each year,
which translates to about 250 to 300 cases each year in the United
States. It starts out with forgetfulness, to which is added fairly
quickly abnormal movements, visual deterioration, rigidity, mut-
ism, blindness, coma, death. You can think of it as Alzheimer’s dis-
ease in fast forward played out in about 7 months instead of 5
years.

Mr. SNOWBARGER. That is OK.

Mr. SHAYS. It is amazing. He did that in 33 seconds.

Mr. SNOWBARGER. You timed it.

What age patient does it normally affect, presuming it is not
transmitted by blood?

Dr. BROWN. I understand. The average age is 60, right on the
money for your present witness, and span about 15 years in either
direction and you’ve got about 90 percent of all cases of the disease.
So it’s a disease of, well, I used to say old age, now I say middle
age.

Mr. SNOWBARGER. I understand.

Dr. SATCHER. Let me just say, that’s so important because there
is the problem in England with BSE. The difference was, of course,
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that younger people were getting this disease. And so we started
to look to see if there was any change in this country in the age
at which people were getting CJD and there was none. So that was
very important.

Mr. SNOWBARGER. OK. I have heard the figures “one in a million”
mentioned several times. And as it relates to the blood supply—
well, first of all, my understanding is the one in a million refers
to the number of people that have the disease or are diagnosed
with the disease.

Dr. BROWN. The number of new patients that will appear each
year so——

Mr. SNOWBARGER. OK. So we are sort of—as we talk about the
blood supply, we are sort of transposing that figure over there and
saying, well, if it’s one in a million patients, then it may or—well,
it is probably one in a million units of blood or one in a million do-
nors.

Dr. SATCHER. No, I don’t think so. Because I think because of the
age of CJD persons and the fact that they’re more likely to be ill,
I don’t think they’re as likely to donate blood as an HIV patient,
for example.

Mr. SNOWBARGER. OK.

Dr. SATCHER. So we don’t think it would be one in a million.

Dr. BROWN. For your thinking in rough figures, you can stay
with one in a million.

Mr. SNOWBARGER. But I think this is important. I mean, we are
spending a lot of time, effort, research dollars paying a lot of atten-
tion to pool size, et cetera, on this particular—I mean, pool size af-
fects other diseases, I presume. And I am aware of that. But talk-
ing about CJD, you know, is it 1 in 2 million? Is it 1 in 3 million?

Dr. BROWN. For donors?

Mr. SNOWBARGER. Yes. I mean if we are saying that you have got
one in a million of the general population—I guess what I am look-
ing for is if we have got any kind of guess about what it would be
in the donor population.

Dr. BROWN. Well, I think the answer you're looking for is known.
And that is that in studies, large epidemiologic studies in Europe
and a couple of other places in the world, as it happens, looking
back, if you ask what proportion of patients dying of CJD have at
any given time donated blood, it’s exactly the same proportion as
the general population.

Mr. SNOWBARGER. OK. And because we don’t know whether it—
it lays there dormant as a factor in the blood, we have to assume
it is one in a million; is that what you are trying——

Dr. BROWN. That’s right.

Mr. SNOWBARGER. I am kind of like a chairman, I have to have
it explained in my terms or I don’t understand it. So I understand
what you are saying.

Now, it is my understanding that it is very, very difficult to diag-
nose CJD.

Dr. BROWN. It used to be. I think it is no longer. And the diag-
nosis of CJD has now, as we speak, achieved an extraordinarily
high degree of accuracy.

Mr. SNOWBARGER. And how is it diagnosed?
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Dr. BROWN. You usually diagnose it clinically. There are not too
many diseases with which it can be confused. I mentioned Alz-
heimer’s disease. That’s always an issue for a little while. But Alz-
heimer’s disease tends to stretch out for 5, 6 years; whereas CJD
usually kills within a year and typically within 4 or 5 months, a
much faster evolving disease.

Mr. SNOWBARGER. So we are saying that the main method of di-
agnosis is how fast you die, not if you die?

Dr. BROWN. No.

Mr. SNOWBARGER. And you are finally diagnosed when you actu-
ally hit the end?

Dr. BROWN. Well, pathologists will say “right on” because they
always like to make the final diagnosis. But in point of fact you can
diagnose it clinically by the kind of evolution and by the combina-
tion of symptoms. The pathology of the brain will put the stamp
on it. And there are biologic tests which will, also. But it’s not a
difficult disease to diagnose either clinically or at autopsy.

Mr. SNOWBARGER. And you are still in the process of researching
whatever factors that would allow us to begin finding the same fac-
tors in the blood supply or do we have any way to do that?

Dr. BROWN. Well, there’s enough unknowns about this field and
the disease that can sustain further careers, and the blood supply
or the issue of CJD as a risk in causing CJD through the blood
supply is one of the issues that we are discussing this morning.

Mr. SNOWBARGER. OK.

My last question, Mr. Chairman, because I am interested in the
answer to your question, because I think that is the crucial ques-
tion, of pool size and how we deal with that. Let me ask two ques-
tions, if I may.

One is, it sounds to me like in terms of CJD, not looking at other
infectious diseases, but in terms of CJD, the ideal pool sizes are ei-
ther one or infinity, not somewhere in between. I mean that would
be the best of all worlds. Because if you have it in one—I mean,
if we do it in pools of one unit, which we are going to do, but I
mean, if you do it in pools of one unit, then you can isolate, you
know, one to one. And if you have an infinite supply, then what
you are saying is that that may dilute these factors.

Dr. BROWN. Yes. That’s a very intelligent summary, Mr. Snow-
barger. You start with——

Mr. SNOWBARGER. Well, I appreciate that. It doesn’t lead us to
any conclusions unfortunately. Nice academic question. But I
mean——

Dr. BROWN. Yes, if you give a contaminated donation to one re-
cipient, you can never cause more than one infection for sure. It is
possible that your pool of infinity might dilute out infectivity to
zero. But only if it takes two or three particles to make a single
infection. Then as you diluted it out to infinity you would have less
and less chance of having those three particles together. But that’s
not a fact that is known. We don’t know how many particles it
takes. And if it only takes one, then when you dilute out, you will
get down to the threshold plateau minimum and that will stay the
same until infinite. So I don’t think we can properly say that that’s
not an important conclusion.
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Mr. SNOWBARGER. Well, we are going through a lot of math exer-
cises today which may or may not help, I don’t know, but I want
to ask a question that I understand may seem very callous. We are
going through a period of time where we are trying to do cost-ben-
efit analyses on things that we do and things that we get involved
in. And the figures that I have heard today is that, No. 1, we don’t
have any clinical evidence that CJD is passed on by blood products.
And No. 2, the risk is at about one in a million, at best from what
we know.

Could you give me your observations about the cost-benefit anal-
ysis of all the effort that we are going through? And, again, I un-
derstand that is callous, particularly for those who either suffer the
disease or have loved ones that do, but in trying to get a handle
on priorities, there are certainly other diseases out there that have
ft much higher risk for the population as a whole than one in a mil-
ion.

Anybody care to comment on that or are you just going to leave
me hanging out there with my——

Dr. BROWN. I won’t leave you hanging, Mr. Snowbarger. Obvi-
ously, there is what is trendily called “cost-benefit” to everything
we do. And when we wake up in the morning, we’re taking a risk.
We can minimize the risk as best we can, and that’s going to cost
money. But I really have no feeling about where the line should be
drawn in this particular disease. As a career research scientist
working on the disease, I would say keep spending.

Mr. SNOWBARGER. Sure. I understand. I didn’t expect an unbi-
ased answer, but the reason for my question is that, as you said,
we all take risks every day. And there are certain risks that—and
a certain level of risks that we have all come to be willing to ac-
cept, the risk of an automobile accident, the risk of slipping and
falling in a bathtub. You know, most folks don’t stay out of the
bathtub because they might slip and fall, and most of us still ride
in cars and stuff like that. And, again, it is a callous approach to
it. Any cost-benefit analysis is a callous approach. I am not sug-
gesting necessarily we take that approach here, but I do think that
at some point we have to figure out how to allocate scarcer and
scarcer resources for the things.

Mr. SHAYS. Let me say to you it is not a callous question. I have
been in public life for 24 years. And in the State House. I would
continually have people say, well, if it saves one life, you should do
it. And then you don’t even—that’s the argument. But we could
save a lot of lives by making the speed limit 25 miles an hour. So
we make certain decisions whether we care to acknowledge it or
not.

I am going to want to get an answer, not a long answer, to the
advantages and disadvantages, just so I have it outlined. But I
would like to call on Mr. Towns, and then we will come back to
that.

Mr. TowNs. Two things. One came out of the dialog between you.
But this is a diagnosis that is easy. So help us here because we
need to know as much as we can, as much of a basis as we can
get.

As people begin to live longer, and thank God that that is hap-
pening, will the diagnosis then be harder to make?
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Dr. BROWN. Yes, Mr. Towns. It will be a little harder, because
a major feature of CJD is mental deterioration, senility, if you like.

Mr. Towns. Right.

Dr. BROWN. You know, and Aunt Emmy starts to forget at the
age of 83, she might be coming down with CJD, or she might just
be getting old. The answer is usually what physicians describe as
the fourth dimension, which is time. If she’s getting old, she’ll prob-
ably get old fairly slowly. If she’s got CJD, she’s likely to be dead
in 6 months.

Mr. TowNs. We will hear testimony about a case of a young he-
mophiliac who died of HIV-related causes. Because of receiving a
letter from the FDA, his grandmother suspected CJD involvement
at his death. After the autopsy and additional information by CDC,
CJD was ruled out.

This question is for the entire panel. It seems that some would
point to this as a failure of the system, but it seems to me that
there was notification and investigation by the Government agen-
cies, so that is a question. I think the failure here was that the
child died of HIV-related causes.

Can someone here tell me what has been done about the HIV ex-
posure, what steps were taken once it was realized that this child
died of HIV, which presumably was contracted through the blood
products he used? Either one of you can start.

Dr. SATCHER. Let me just briefly comment on the HIV exposure.
I think, as you know, early in the epidemic there was really an un-
fortunate situation with the number of people who were exposed to
HIV through blood transfusions. Since that time we’ve made a lot
of progress in terms of donor screening and viral inactivation. So
it would be very unusual for a person with hemophilia to acquire
HIV through routine transfusions because of what we have
learned. But that was a very unfortunate part of our history in
public health any way you look at it.

And so our sensitivity and our concern in this area is very high,
very deep. We don’t claim to understand all of the aspects of this
one case in terms of the system of surveillance. As you pointed out,
we have had pathologists to examine slides of tissue and the con-
clusion was that this was not CJD, but still the child had HIV and
there were some neurological concerns. So it was not reported to
CDC by the physician as a case of CJD or suspected CJD.

Mr. TOwNS. Yes.

Ms. ZooN. Yes. From the FDA’s perspective, the safeguards and
the tests, donor screening testing methods, viral inactivation have
been a focus of activities since the AIDS epidemic. And every step
is being taken with the team of the Public Health Service, the co-
operation between the research being done at the National Insti-
tutes of Health and others, and the surveillance efforts of the FDA
to make the maximum use of the information that we get to de-
velop and additional safeguards, if possible, for blood safety as it
comes to HIV.

Like Dr. Satcher, without the particulars of the case, I cannot
comment more specifically about this unfortunate incident, but we
are committed to working very hard to improve systems that have
been dramatically improved, even more as the technology evolves.

Mr. TowNs. Mr. Chairman, I yield back.
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Mr. SHAYS. I don’t want to spend a lot of time on this because
I want to get to our next panel, but I want a list of the advantages
and the disadvantages of a large pool size.

We will first take the advantages. Dr. Zoon, why don’t you start?

Ms. ZooN. I will start and give Dr. Satcher a break. He has been
starting all of the questions.

I would like to start—what I will do is I will list advantages and
disadvantages that I see for larger pool sizes.

The disadvantages that I see are the spread of infectious risks
over more recipients for a single lot with a larger pool size. Second,
large single lots will cause bigger recalls or withdrawals, depending
on the size.

Mr. SHAYS. These are disadvantages?

Ms. ZooON. Disadvantages. I think there is an increased exposure
risk to infrequent recipients with larger pool sizes.

Mr. SHAYS. Explain that one?

Ms. ZOON. An increased exposure risk to infrequent recipients.
That means if you are getting just a product once, versus someone
who is taking product daily or frequently for management of a dis-
ease. If I were in a car accident and it was a one-time recipient,
that would be an infrequent exposure.

Mr. SHAYS. Right. I understand that part. I don’t understand
how it relates to the disadvantage. What is the disadvantage here?
You have given me one, the spread; you have given me the recall.

Ms. ZooN. I said, with larger pool sizes, there is an increased ex-
posure risk. So it is a disadvantage because you have a greater
probability of being exposed.

Mr. SHAYS. I understand that. OK. What is the next one?

Ms. ZooN. OK, the next one would be it could accelerate in the
case of a new emerging infectious agent the spread of an epidemic.

Mr. SHAYS. That I would think would be one of the most alarm-
ing ones, obviously. In other words, basically an infection we have
never even considered in a large pool size.

Any other disadvantages?

Ms. ZooON. Those are the major ones.

Mr. SHAYS. What would be the advantages?

First off, would we add any other disadvantages, Dr. Brown or
Dr. Satcher? You have given us four.

Dr. BROWN. You are going to get this, I am sure, from the indus-
try tomorrow. Obviously——

Mr. SHAYS. Tonight. Sorry, this afternoon—not tonight.

Dr. BROWN [continuing]. It is the cost-benefit argument again. 1
am sure you will hear economic arguments, and I would suppose
if we were making a list——

Mr. SHAYS. We are talking disadvantages.

Dr. BROwN. OK.

Mr. SHAYS. The larger the pool, the disadvantages. I think we ac-
cept those disadvantages.

Let me talk about the advantages. What are the advantages? Dr.
Zoon, since you started?

Ms. ZOON. Sure. One advantage, potentially, could be manufac-
turing efficiencies. Another could be possible neutralization of an
agent. Often there are antibodies present, and having more donors
in a larger pool size could have some neutralizing agents in them.
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Mr. SHAYS. Could the opposite happen?

Ms. ZooN. Could the—

Mr. SHAYS. Opposite of neutralization happen.

Ms. ZOON. You mean enhancement?

Mr. SHAYS. Yes, enhancement. You didn’t mention that in your
four. I am wondering if we could add that to No. 4.

Ms. ZooN. It is theoretically possible.

Mr. SHAYS. OK.

Ms. ZooN. Possible dilution below the

Mr. SHAYS. Let me say, if we are going to use the same judg-
ment, is it theoretically possible of neutralization? Or is that more
established that there is a concept?

Ms. ZOON. There is more established data.

Mr. SHAYS. Neutralization is more established than enhance-
ment.

Ms. ZooN. Correct.

Mr. SHAYS. OK.

Ms. ZooN. Possible dilution to extinction. This refers to the situa-
tion that Dr. Brown

Mr. SHAYS. I am with you.

Ms. ZOON [continuing]. Referred to. Enhancing genetic diversity
in the product. This would be particularly important, perhaps in
the area of immunoglobulins.

Mr. SHAYS. OK. That is helpful.

I am going to ask this question just because we need it for our
record and our report. This would be addressed to both of you, Dr.
Satcher and Dr. Zoon. Is the FDA position on withdrawal of prod-
ucts manufactured with plasma of donors infected with, or at risk
of infection with, CJD still prudent public health policy in light of
current research on CJD?

Dr. Zoon.

Ms. ZOON. As Dr. Satcher mentioned, at this time there is no evi-
dence of a body of data suggesting that transfusion of blood prod-
ucts to humans results in a case of CJD.

As Dr. Brown has discussed, there are experiments under way
helping us to further evaluate in a variety of animal models the
risks associated with fractionated products using these animal
models to have a sense of what that is.

At this time, the agency believes that we should be looking at
this very carefully and very closely and be ready to act more ag-
gressively as data is generated. I think this is a case where the
Public Health Service has discussed this very frequently. We have
brought it to several of our advisory teams.

Mr. SHAYS. You remind me of the State Department here. I need
to get the answer.

Ms. ZooN. Oh. I think at this time we believe it is still consid-
ered a withdrawal. However, we are constantly poised to re-evalu-
ate that situation.

Mr. SHAYS. Fair enough. Dr. Satcher.

Dr. SATCHER. I agree. The only thing I would add is I think the
action of this committee, I believe, established the blood safety
committee of our Department, and now we have established the
Advisory Committee to the Department. I think some of these
issues, as time goes on, will be discussed with the Advisory Com-




97

mittee. The perspective has to be broader than those of us who
work in public health that on a day-to-day basis. There are some
values involved. Some of these things will be taken to the advisory
committee.

Mr. SHAYS. Before we go to the next panel, a very active member
of the committee, Dennis Kucinich, is here and has a question to
ask. Then we will go to the next panel.

Mr. KucinicH. This is to Dr. Brown. Thank you very much, Mr.
Chairman.

In reviewing your testimony, Dr. Brown, I am impressed by your
comments relating to the situation with respect to a donor pool
which contains a large number of infectious particles and also to
your, if I may say, tentative conclusion that the chance of con-
tracting CJD from a pooled blood product in which a patient with
CJD has contributed is extremely small, no matter the size of the
donor pool.

That, of course, assumes, for the sake of the study, that the only
pathway you are looking at is the pooled blood supply with respect
to this study.

In looking at this overall issue, Mr. Chairman, it occurs to me
that what we are talking here about CJD is synonymous, is it not,
with the bovine spongiform encephalopathy, popularly known as
“mad cow disease,” which has resulted in a pathway of transition
being consumption of food products?

Would it not then be true that the consumption of food products
in a given population that would be contaminated with the BSC,
bovine spongiform encephalopathy, CJD, whatever you want to call
it, does that increase the possibility of contamination of the blood
supply? And then is it not true that protocols for prevention of such
contamination to the blood pool would necessarily include contact
Wlit(l)l those agents which transmit the disease through the food sup-
ply?

And the final part of the question, a small question

Mr. SHAYS. He said he had one question. It is going to take an
hour to answer this. That is cheating.

Mr. KUCINICH. In line with your question, have you had contact
with the State Department and the U.S. Department of Agriculture
about these things?

Mr. SHAYS. I am going to give you each a minute.

Mr. KucINICH. What are you doing for lunch?

Mr. SHAYS. I am sorry to interrupt you.

Mr. KuciNicH. Thank you. That is fine.

Dr. BROWN. Your analysis is absolutely correct.

Mr. SHAYS. He was just showing off. We can really go on to the
next question.

Dr. BROWN. It is one of the things that the United Kingdom is
currently concerned about.

Let us suppose that instead of 20 cases of the new variant, which
they now have, and let us further suppose that the new variant is
the result of consumption of tissues from animals with the “mad
cow disease,” instead of 20 cases, suppose in the next year they
have 2,000 or 20,000 cases? Nobody knows whether that is going
to happen yet. If that happens, you have augmented the potential
contamination of your population that is donating anything, wheth-
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er it be blood, dura mater, kidneys or any other tissue, by 100
times.

So, again, that is a correct analysis; and it is something that is
very worrisome to the United Kingdom and also which we are
studying at the NIH. Because, again, we would like to prevent
things and not just say, “oops, we didn’t see it in time.”

Mr. SHAYS. I am going to just make sure I have this on the
record. Is the gentleman done?

Mr. KUCINICH. Yes.

Mr. SHAYS. Do you all agree that a lot size of 400,000 is far larg-
er than it needs to be? I don’t want to put words in anyone’s
mouths here, so I don’t want you to say “yes” if you don’t think
that. We were surprised with a lot size of 400,000.

Let me put it this way, since I didn’t get a quick answer to that.
Do we agree that there are benefits in having some standard sizes?
Dr. Satcher.

Dr. SATCHER. Yes, we think there are benefits to looking at this
issue and trying to arrive at some limits in terms of size.

Mr. SHAYS. Not just limits but also that there would be—we
could learn things from having standard sizes when we encounter
certain problems and then can maybe compare, as opposed to hav-
ing them all over the lot.

So I am asking specifically, No. 1, should there be an upward
limit; and, No. 2, should there be some standard sizes? Is there an
advantage in having some standard sizes?

If you don’t know

Dr. BROWN. No, really, we have standards for everything else in
the world. I suppose we could have standards for lot sizes. I am not
trying to be facetious, but I can’t at the moment think of any ad-
vantage to having a standard lot size.

Mr. SHAYS. OK. Let me ask you—fine, I don’t mean to stretch
this out, but—yes, Dr. Zoon?

Ms. ZooN. Yes. I think that the considerations will need to be on
a product-by-product basis, and that is the analysis we are hoping
to do. Clearly, for products like immunoglobulins, you would like
to have diversity in the pool; and, actually, there is a regulation of
a minimum donors per pool for that particular type of product.

So I think the answer to your question is twofold: One is, should
there be an upper limit to the primary pool; and then looking at
the fractionation of each of the separate products that would need
to be analyzed and looked at very carefully, and we are in the proc-
ess of collecting the data and evaluating that data.

Mr. SHAYS. OK. I am just going to say, for the record, this com-
mittee is not about to try to push the FDA, the CDC or any part
of the National Institute of Health in a direction that doesn’t make
sense. As we look at it, though, we do see there has got to be some
ultimate limit, unless it can be proved that there is a reason to do
it. I mean, that is where this committee is headed. We will be in-
terested in testimony from others as it relates to that.

You have been a wonderful panel. I am going to do this at risk.
There were about eight people who stood up behind you who were
sworn in. But if any of you just felt there is something we really
need to put on the record and you are willing to show courage and
risk offending your bosses for the good of humanity, I would love
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you to just feel free to come forward. I sometimes have been in
your position and say, why the heck didn’t they say that?

Is there anyone who just wants to make a point? I am being seri-
ous. We would welcome it.

OK. Thank you. Thank you very much.

[The information referred to follows:]



100

DEPARTMENT OF HEALTH & HUMAN SERVICES National Institates of Heatth

July 30, 1997
The Honorable Christopker Shays
Chairman

Subcommittee on Human Resources

Committee on Government Reform and Qversight
Room B-372 Raybum House Office Building
Washington, D.C. 20515

Dear Mr. Chairman;

Y am responding to your July 16 letzertoDr memwmgmsnmonyﬁ‘ombr Paul Brown of this
Institute on the subject of the risk of infections disease, p feldt-Jacob disenss (CID),
associated with pooled plasma products. As the official respunsxbie for resource allocation within
the National Institute of Neurological Disorders and Stroke (NINDS), I am pleased to respond to
your request for information sbout Rature plang for research on CID and other transmissible
spongiform encephalopathies (TSEs),

‘The Laboratory of Central Nervous System Studies (LUNSS) bas 2 fong-standing interest in this
area of research, dating from studies in the19503 and 19605 that established the existence of 8
novel class of slow-acting infections of the central nervous system, now known as the TSEs. The
lsbaratory is also involved in the study of rontransmissible dementing disorders such as
Alzheimer's disease as well as a broad array of unusual infectious brain diseases seen alf over the
world.

As you may know, each intramurul research project at the NIE is reviewed every four years by
the Insutute 's Board of Scleuhﬁc Counselors (BSC). Based on their evaluauan of scwmiﬁc

and p 18, the BSC may d or
resource allocauon At the most recent BSC review of the Laboratory of Central Nervous
System Studies in January 1995, Dr. Carleton Gadjusek, the Chief of the Laboratory at that time,
indicated his intent to phase out the Laboratory over & five year period. This decision met with the
full concurrence of the Board of Scientific Counselors who acknowiedged the Lab v's past
contributions and made explicit recommendations shout how the phase out could be best
amomphshed. In particular, the BSC had ded that Dr. Brown campiete projects
ongoing at the time of the review and that e be encouraged and supported in his role 25 an expert
advisor to national and internstional bodies.
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‘The Honorable Christopher Shays - page 2

Dr. Gadjusek has since retired and the Laborstory, under the direction of Dr, J. Clarence Gibibs,
Jr., Acting Chief, baz focused its efforts almost entirely on TSEs. In keeping with recent

_developments concerning TSEs, the original plans for reducing support for the Laboratory have
been revised and support is presently stabilized at the fiscal year 1997 level. The Laboratory will
have an estimated operating budget for the coming fiscal year of $2.2 million, including support of
primate studies, and 15 investigators and support staff. We anticipate that support will continue
at this level for two years and further support could be extended if the research projects underway
warrant an extension and review by the Board of Sciemific Counsslors supports sucha
commitment. Dr. Brown recently bepan a final three year appointment in the Public Health
Service Commissioned Corps, bringing his tenure in the Corps to the maximum aliowable 36
years as of 8/1/99. After the completion of this tour of duty in the Corps, there are other
appointment mechanisms available should it be mutually advantageous for Dr. Brown to continue
his research here.

In closing, I would like fo point out that the interest of this Institute in transmissible spongiform
encephalopathies such as CID extends beyond the research being conducted by the LCNSS. Our
Institute supports a substantial extramural grant program in TSEs. Total NINDS funding for FY
1997 is estimated at over 37 million. Other Institutes also suppart work in this field. The LCNSS
works closely with the National Heart, Lung, and Blood Institute (NHLBI), which has funded
some of Dr. Brown’s work. The Jaboratory also collaborates with the Centers for Disease
Coutrol and Pravention (CDCP), the Food and Drug Administration (FDA) and the American
Red Cross.

1 hope this statement is helpfill. Please do not hesitate to contact me if you require additional
information.

Sincerely yours,

sk lo. Feg o

W. Hall, PrD.
or

Dr. Varmus
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Mr. SHAYS. We are going to call our next panel. This is Dolores
Crooker, a parent, a registered nurse and a grandparent; Dr. Glenn
Pierce, National Hemophilia Foundation; and Charlotte Cunning-
ham-Rundles, Immune Deficiency Foundation. If they would come
forward.

I am going to say for the record that Mr. Snowbarger just wants
to kind of contradict something I said. I really would like it part
of the record just because I think it is important to see diversity
on this committee.

Mr. SNOWBARGER. Well, I noticed that the chairman asked those
who were sitting behind their bosses if they cared to contradict or
say anything that their bosses might not appreciate, but he didn’t
ask me if I wanted to contradict what the chairman had said.

At the risk of offending my chairman—and I know he will take
it in the right way—I was a little concerned about the comment
that the chairman said about the committee’s direction. It left me
with the impression that the committee is attempting to say that
there needs to be—we need to find the optimum pool size and, once
we find it, we need to make sure everyone is adhering to that.
When what I heard from the witnesses sort of led me to the indica-
tion that there may not be an optimum pool size.

If there is not an optimum pool size, then why do we care? And
maybe in this era of deregulation it might be a time to think about
maybe it is something we don’t need to get into, as opposed to try-
ing to find every little place where we can do what we think is
best, where the industry, particularly if the regulators don’t see
any particular need for it, we don’t need to push them into regula-
tion.

That was my comment.

Mr. SHAYS. I appreciate your putting that on the record.

What I really should say is that that was the position of the com-
mittee last year; and, obviously, there is no reason why we
shouldn’t revisit it. It was in a report recommending there be a
limit. But this is why we have hearings. So I am happy you are
putting that on the record.

Mr. SNOWBARGER. Thank you, Mr. Chairman.

Mr. SHAYS. I am going to ask the witnesses to stand up and raise
your right hands.

[Witnesses sworn.]

Mr. SHAYS. All three have responded in the affirmative.

STATEMENTS OF DOLORES CROOKER, R.N., PARENT; GLENN
PIERCE, M.D., Ph.D., NATIONAL HEMOPHILIA FOUNDATION;
AND CHARLOTTE CUNNINGHAM-RUNDLES, M.D., Ph.D., IM-
MUNE DEFICIENCY FOUNDATION

Mr. SHAYS. We will just go right down the row, starting with
you, Ms. Crooker.

Ms. CROOKER. Good morning, Mr. Chairman.

Mr. SHAYS. I am sorry. I should tell you to move the microphone.
I know it is hard for you to put papers in front of you and do that,
but that is not going to be close enough, Ms. Crooker. Then you can
turn it sideways a little bit. Turn that a little sideways a little bit.
I am going to have you lower it down a little bit.
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Ms. CROOKER. OK. Good morning, Mr. Chairman and committee
members.

My name is Dolores Crooker. I am a grandmother and was the
caregiver of Roger. I had taken care of him since he was 18 months
old and diagnosed with severe hemophilia in 1984.

Roger died on June 21, 1995, of AIDS complications at the age
of 11, 1 month short of his 12th birthday. In fact, yesterday would
have been his 14th birthday. He became HIV infected from con-
taminated blood products he used to control his bleeding problems.

In 1993, Roger received a Factor VIII infusion in a local emer-
gency room for an injury he received. This was recalled in 1994 for
possible contamination with CJD. One year from product dis-
pensing to community notification.

In late summer 1994, Roger came down with a severe neuro-
logical motor coordination problem. He improved for a short time
and then continued to deteriorate until his death in 1995. No one
could definitely identify the specific reason for his neurological de-
terioration, which included muscle spasms, seizures, blindness. It
was 5 months before his death when I received notification that he
had received this recall factor. This is 2 years after he received the
factor.

Roger died at home on June 21, and an autopsy was performed.
The first autopsy results showed spongiosis cells, and a second
opinion was requested. In that report, it was suggested that a spe-
cial protein stain be used. After a letter from me, the slides were
then sent to the CDC for evaluation.

I know that Roger died of HIV infection he contracted from the
blood product he used since his diagnosis of HIV in 1984, but was
CJD present? Were these spongy cells caused by HIV or CJD? I
had to know. It was about 2 years before I knew he had received
the recall factor and now 2 years after his death I finally got the
answer that CJD was not present.

I am not aware of what reporting methods were used by the var-
ious medical/scientific communities to study this unusual autopsy
report. I do feel, however, that a final answer to myself for closure
and peace of mind—that took too long.

As a member of the hemophilia community, I should not have to
tell you how important it is to explore and analyze matters such
as this in a very timely fashion. In the 1980’s, we waited long peri-
ods of time and lost precious years waiting for the final answer on
the question of HIV and AIDS and blood products transference. As
we are aware, the answer then was positive; and the devastating
epidemic took more than 50 percent of our community.

We cannot afford to waste more years at a tragic cost and more
lives on finding out answers regarding CJD and other transference.

It took over 2 years since my grandson’s death to get a definite
answer on his disturbing autopsy. My anxiety and my concern are
not for my peace of mind only. This community, including the new
generation so far untouched by HIV and hepatitis, needs to be com-
pletely informed about the hidden perils lurking in an FDA-ap-
proved product they continually use. Product recall notification
must be faster than 2 years. It was 2 years to find out he received
recall product and 2 years to find out the autopsy results.
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Faster recall notifications have occurred within the past few
years because of collaboration with community organizations, the
treatment centers and Government regulations—and some Govern-
ment regulations.

In closing, I feel that it is imperative that all departments of the
medical community—eclinics, hospitals and labs—should have a
common goal: find answers quickly and relay this information accu-
rately to the waiting family members. Unfortunately, delay may
cost additional lives.

In my case, 2 years is 2 years too long. If the Government is
going to approve a Federal product through the FDA, then it
should also take the responsibility to regulate procedures for recall
and withdrawal of that product, because contamination and even
potential hazards can cost human lives.

Thank you.

Mr. SHAYS. Ms. Crooker, it is so important that you provide a
human face to what we are talking about. We can just talk about
statistics and numbers and so on, and it is just very welcome that
you would express your concern. You cared for your wonderful
grandson for 11 years of his life, and so we just really appreciate
your being here.

Ms. CROOKER. Thank you.

Mr. SHAYS. Are you accompanied by Roger’s sister?

Ms. CROOKER. His sister is over here.

Mr. SHAYS. It is nice you are as well.

Ms. CROOKER. His younger sister.

[The prepared statement of Ms. Crooker follows:]
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Good Morning Mr. Chairman & Committee Members, My name is
Dolores Crooker. | am the grandmother and was caregiver for Roger. | had
been taking care of him since he was 18 months old and diagnosed with
severe hemophilia less than 2% clotting factor in late 1984.

Roger died June 21, 1995 of AIDS complications at the age of 11, one
month short of his 12th birthday. Yesterday should have been his 14th
birthday. He became HIV infected from contaminated blood products used

tocontrol his bleeding problems.

in 1983 Roger received a factor VI infusion at Robert Wood Johnson
University Hospital for an eye injury. November 18th 1994 a Medical
Bulletin from the Hemophilia Association of NJ informed the community
about a recail & withdrawal of certain lots of American Red Cross plasma
derivatives which include the énﬁhemophiiiaﬁactor (AHF). This withdrawal
was because of possible contamination of Creutzfeldt-Jakob disease. it was
also known as MAD COW disease. *Over one year from product

dispensing tp community notification.*

in the late summer of 1984 Roger came down with severe
neurological/motor coordination problems. He improved for a short time
then continued fo deteriorate until his death in.June 1995. No one could
- definitely identify the specific reasonfor-his neurological deterioration which
included:muscle spasms, seizures & blindness.
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On January 31, 1995, § months before Roger’s death, | received a
notice from Dr. Saidi, Director of New Jersey Regional Hemophilia Program
at Robert Wood Johnson, this notice stated that he received the factor Vil
lots involved in that recall. *this is two years after he received the factor*

After several conversations with Dr. Saidi, Dr. Murphy, (Roger’s
pediatric hematologist) and the nurse coordinator at the treatment center, |
did consent to a limited autopsy. Because of Roger’s deteriorating condition

this was quickly put into place.

Roger died at home on June 21, 1995. During October, 1995 | had
more conversations with Dr. Saidi about the preliminary results of Roger’s
autopsy by attending Pathologist Dr. Schwarz at Robert Wood Johnson.
For brief explanation, Robert Wood Johnson is a University Medical Center
of which the Treatment Center is a distinct and separate entity. The
Hemophilia Treatment Center referred the autopsy to the Pathology dept.
They are not a part of CDC funding. The resuits showed spongiosis cells
which Dr. Schwarz stated were due to the HIV infection, he ruled out CJD.

A second opinion was solicited by Dr. Saidi from Dr. Sharer, the
Associate Director, Division of Neuropathy at the University of Medicine and
Dentistry of New Jersey (UMDNJ). He has looked at many slides from the
CDC dealing with CJD. He suggested a special protein stain (immunohisto-
chemical stain for prison protein) he used. | received his reply dated
February 15, 1997 in May of 97-I phoned Dr. Schwarz, the original
Pathologist, about this report. Dr. Sharer had highly recommended the



107

slides be sent elsewhere for further review and analysis. After an
unsatisfactory conversation, | was unsure when and if the slides would be
prepared for this study. They were however, at Dr. Saidi’s urging and a
follow up.letter from myself; sent to the CDC for evaluation.

| know that Roger died of HIV infection he contracted from the
contaminated blood product he used since his diagnosis of hemophilia in
late 1984, but was CJD also present? Were these spongiosis cells caused
by HIV or CJD? | had to know!

It was about 2 years before | knew he had received the recalled factor
& now 2 years after his death I finally got the answer that CJD was not

present.

I am-not-aware: of what reporting:methods were used by the various
medical/scientific communities to study this unusual autopsy report. | do
feel, however, that a final answer to myself (for closure and piece of mind)

took much longer than | expected.

- As a member of the hemophilia community, | should not have to tell
you how important it is to explore & analyze matters such as this in a very
timely fashion. In the 80’s we waited long periods of time and lost precious
years waiting for the final answers on the question of HIV/AIDS and blood
product transference. As you are aware the answer then was positive and
the devastating epidemic toek more then 50% of this community.
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We cannot afford to waste more years at the tragic cost of more lives
on finding answers regarding CJD and blood transference.

It took over two years since my grandson’s death to get a definite
answer to the disturbing finding on his autopsy. My anxiety and concern are
not for my peace of mind only. This community, including the new
generation so far untouched by HIV or hepatitis, needs to be completely
informed about the hidden perils lurking in an FDA approved product they
constantly use. Product Recall notifications must be faster than 2 years. 1t
was 2 years to find out he received the recalled product and two years to get
the final result of his autopsy.

Faster recall nofifications have occurred within the last few years
because of collaborations by the community organizations and hemophilia
treatment centers, not government regulations.

In closing, | feel it is imperative that all departments of a medical
community (clinics, hospitals, fab technicians, etc.) should have a common
goal--find answers quickly and relay this information accurately o the
waiting family members. Unnecessary delays may cost additional lives.

In my case, two years is two years too long! If the government is going
to approve a product through the FDA, then it should also take the
responsibility to regulate procedures for recall and withdrawat if the product

becomes contaminated or even potentially hazardous to people’s lives.
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Mr. SHAYS. Dr. Pierce.

Dr. PIERCE. Thank you for this opportunity to present testimony
today on behalf of the National Hemophilia Foundation.

The NHF is a voluntary health organization dedicated to improv-
ing the health and welfare of people with hemophilia, von
Willebrand’s disease, and other coagulation disorders. I am a
former president of the Foundation and currently serve as the
chair of its Blood Safety Working Group. I am a person with hemo-
philia and, as a result, have been exposed and infected by many
viruses and other agents through my use of blood clotting factor.
In my professional life, I manage research projects for a bio-
technology company.

The NHF appreciates the continued efforts of Chairman Shays
and this subcommittee in bringing greater attention to the critical
need for safer blood products and a safer blood supply.

The Government Reform and Oversight Committee’s 1996 report
included two critically important recommendations which I will dis-
cuss today: reductions in plasma pool size and prompt patient noti-
fication.

The NHF has issued 12 medical bulletins in 1996 regarding
products investigations or recalls and already has issued 12 bul-
letins this year, including 4 alone in July. In addition to the with-
drawal or recall of products related to evidence of infectious agents,
we are alarmed by the number of recalls this year that have re-
sulted from violations in the FDA’s good manufacturing practices
where sterility was not maintained, vials were mishandled or viral
inactivation did not occur as specified. Even recombinant DNA pro-
duced/non-blood based products have been recalled. Although these
products are highly unlikely to contain human viruses, potential
mold contamination during manufacturing resulted in a recall just
last week.

Historically, the hemophilia community has been impacted by a
number of viruses through the blood supply. While HIV has been
the most devastating, a number of other viruses continue to plague
the hemophilia community through their sequela, including Hepa-
titis A, B, and C and Parovirus B19.

Strong evidence of the need for a more responsible and respon-
sive blood safety system accumulates as new announcements of
blood product recalls are issued, often weeks after the seriousness
of the problem has been detected. Too frequently, individuals in our
community find out too late that they just infused themselves or
their child with a recalled product which has been stored in their
home refrigerators.

It is important, as we consider plasma pool size, to be more pre-
cise in defining the term. That has been a part of the problem, I
believe. Plasma pool refers to the plasma donations that are mixed
together for subsequent manufacture into purified coagulation
products and immunoglobulins, albumin and other products.

During the manufacturing process, multiple batches of plasma
may be mixed together, as we have heard this morning. The puri-
fied product is packaged and distributed in what is referred to as
a lot. For some, but not all products, each lot is given a unique
number to facilitate tracking. Thus, multiple pools make a lot. It
is the final lot size that is of concern to the bleeding disorder com-
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munity as lot size represents the total donors to which blood recipi-
ents are exposed.

We were both surprised and troubled to recently learn that there
are no upper limits on the number of donors contributing to plasma
lots. While manufacturing practices differ, we had been led to be-
lieve by FDA and manufacturers that manufacturers were observ-
ing limits of around 15,000 donors per lot for paid plasma and
60,000 donors per lot for volunteer plasma.

We now know from testimony this morning that some manufac-
turers place well over 100,000 separate donations in a single lot of
products. The absence of any upper limit on lot size places our com-
munity at significant risk for emerging infections.

There have been attempts over the past year that have been
made to pit the Immune Deficiency Foundation against the NHF
on this issue. I will tell you categorically that will not work.
Immunoglobulin and coagulation products are separated early in
the manufacturing process. Thus, the needs of both groups in terms
of final lot size do not impact on one another. This has been a
smoke screen, and there has been deliberate obfuscation by indus-
try on this issue.

In its own analysis of the issue, the FDA has published an article
last year that made the case that larger plasma pools do increase
the risk of exposure to and thus the risk of transmission of infec-
tious agents, especially to highly susceptible populations, such as
persons with hemophilia. Past experience with hepatitis and HIV
in our community has demonstrated that not everyone who re-
ceived a contaminated lot of product becomes infected as is as-
sumed in the transfusion article.

We need only look at the spread of HIV to realize that patients
received multiple exposures of HIV before becoming infected. Expo-
sure to fewer donors would have allowed some individuals to es-
cape infection.

We have communicated to FDA our requests for limits on the
maximum number of donors that can be pooled together in the
manufacture of blood products for the following reasons.

First, increased safety. As future emerging infectious agents
threaten the blood supply, reductions in pool size can delay the
possibility of widespread transmission.

Second, reduction of exposures. By reducing the total number of
donors that a person is exposed to over a period of time, the likeli-
hood of transmission of an infectious disease is minimized. As we
heard this morning, this point is especially important for individ-
uals who take product infrequently, who don’t take it once every
2 or 3 days, but who may use it once a month or once every 2
months.

Finally, preservation of the product supply. Under the current
situation, identification of a single blood donor with a disease can
result in the recall of thousands of vials of clotting factor con-
centrate. Smaller pool sizes and placing donations from a single in-
dividual into a single lot, multiple donations from a single indi-
vidual into a single lot, would do a lot to alleviate the amount of
product that is withdrawn.

With regard to CJD, we have recently had numerous recalls due
to possible CJD contamination. As this committee knows from its
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previous consideration of the issue, we don’t know if CJD can be
transmitted by blood products, although the experimental evidence
iIﬁ animals suggests there is something to be concerned about
there.

The number of recalls that have occurred because a donor was
later identified as having CJD or at risk for CJD is staggering and
has affected the supply of coagulation products in the marketplace.
Clearly, if pool size limits were in place, substantially less product
would be recalled.

With regard to patient notification, we know that recalls occur
when the system of donor deferral, donor screening, viral inactiva-
tion, coupled with good manufacturing practices, is broken down.
Frequent occurrence of these events at 1 to 2 per month on average
continues to shake the confidence of consumers and providers with-
in our community.

As a result of the events of the 1980’s, where nearly half of our
members were infected with HIV, we are committed to ensuring
that consumers have information about the products they are using
in order to make informed and educated decisions about their
treatment. We believe this is only possible when they are provided
with crucial and possibly life-saving information as soon as possible
after an FDA investigation of an adverse event begins.

Since the announcement last year that notification should go
down to the level of consumers by the FDA, the FDA has requested
that companies with products in question contact consumer organi-
zations such as the NHF; and we have issued medical bulletins to
chapters, treatment centers and volunteer leaders and placed infor-
mation on our web site. This is only an interim system which
wrongly places the burden of notification upon a consumer organi-
zation like the NHF, and it highlights the urgent need for the FDA
to establish a prompt patient notification system clearly defining
the responsibilities of the manufacturer in communicating directly
with the consumers and their providers when an adverse event oc-
curs.

In conclusion, more than 2 years after this committee first began
to examine blood safety issues, many of the recommendations for
a safer blood supply that were part of this committee’s blood safety
report, the 1995 Institute of Medicine report, and this year’s U.S.
General Accounting Office report have not been implemented. As a
community that has been irreparably harmed by contaminated
pooled plasma products and that has been advocating for improve-
ments in collection, testing, manufacturing, viral inactivation, prod-
uct tracking and recipient notification, we are at a loss to under-
stand why the FDA and manufacturers continue to be reluctant to
implement meaningful measures to ensure a safer blood supply.

The bleeding disorder community and others who rely on blood
products remain vulnerable to infectious agents entering the U.S.
blood supply, but we have no sense that a lesson has been learned
from the past.
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Thank you, Mr. Chairman.

Mr. SHAYS. Thank you, Mr. Pierce. As you can imagine, we will
be following up on some of those recommendations; and, actually,
we will be examining some of our own to see if we are still on tar-
get.

[The prepared statement of Dr. Pierce follows:]
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Thank you for this opportunity to present testimony today on behalif of the National
Hemophilia Foundation (NHF). NHF is a nationai voluntary health organization
dedicated to improving the health and welfare of people with hemophilia, von
Willebrand's disease, and other bleeding disorders. | am a former president of the
Foundation and currently serve as the chair of its Biood Safety Working Group. |
am a person with hemophilia and, as a result, have been exposed to many
infectious diseases through my use of blood clotting factor. In my professional fife,

| manage research projects for a biotechnology company.

The National Hemophilia Foundation appreciates the continued efforts of
Chairman Shays (R-CT) and this Subcommittee in bringing greater attention to the
critical need for safer blood products and a safer blood supply. The Government
Reform and Oversight Committee’s 1996 report, “Protecting the Nation's Blood
Supply for Infectious Agents: The Need for New Standards to Meet New Threats”,
included critically important recommendations, two of which 1 will discuss today:

reductions in plasma pool size and prompt patient nofification.

The hemophiiia community continues to be on the front lines of any complication
or virus that contaminates the blood supply. While safer blood products are
available and today's blood manufacturing processes inactivate HIV, biood and
blood products remain susceptible to other pathogens.

The NHF issued 12 medical bulletins in 1996 regarding product investigations,
recalis and/or withdrawals and already has issued 12 bulletins this year, including
four in July. in addition to the withdrawal of products related to evidence of
infectious agents, we are alarmed by the number of recalls this year that have
resulted from violations of the Food and Drug Administration’s (FDA's) good

manufacturing practices where sterility was not maintained, vials were
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mishandled, or viral inacfivation did not occur at specified temperatures. Even
recombinant DNA producedion-blood based products have been recalled.
Although these products are highly unlikely to contain human viruses, potential

mold contamination during manufacturing resulted in a recall just last week.

Historically, the hemophilia community has been impacted by a number of viruses
through the blood supply. While HIV has been the most devastating, other viruses
continue to plague the hemophilia community, including Hepatitis A, Hepatitis B,
Hepatitis C, and Parvovirus B18.. Strong evidence of the need for a more
responsible and responsive blood safety system accumuiates as new
announcemerts of blood product recalls are issued, often weeks after the
seriousness of a problem has been first detected. Too frequently, individuals in
our community find out too late that they just infused themseives or their child
with a recalled product.

Plasma Pool Size

in my mind and in that of members of the bleeding disorder community, each
recall of product raises serious questions about the safety of the products we
use, our exposure to thousands of blood donors, and the impact on supply of
needed products. Our community depends on donor deferral, donor testing, and
viral inactivation of plasma to protect us from contaminants that may be entering
the blood supply. Yet, only one donor can infect an entire plasma pool.

it is important to define this term. Plasma pool refers to the plasma donations
that are mixed together for subsequent manufacture info purified coagulation
products, immunoglobulins, albumin, and other products. During the

manufacturing process, multiple plasma pools may sometimes be mixed
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together. The purified product is packaged and distributed in what is referred to
as a ‘lot.” Each lot is given a unique number to facilitate tracking. For some
products, plasma pool size may sometimes equal lot size. For others, pool size
is much smaller, but muitipie pools may be added together to make a lot. It is
the final lot size that is of concem to the bleeding disorder community as ot size

represents the total donors to which blood product recipients are exposed.

NHF was both surprised and troubled to recently learn that there are no upper
limits on the number of donors contributing to plasma pools. While
manufacturing practices differ, we had been led to believe by FDA and
manufacturers that manufacturers were voluntarily observing limits of around
15,000 donors per pool for paid plasma and 60,000 donors per pool for volunteer
plasma. We now know that some manufacturers place over 80,0600 - 100,000
paid donors into a single lot of product. The absence of any upper limit on pool
size places our community at significant risk to emerging infections.

Inv its own analysis of this issue, the FDA, in an article published last year in the
journal Transfusion, made the case that larger plasma pools do increase the risk of
exposure to, and thus, the risk of transmission of infectious agents, especially to
highly susceptible populations such as persons with hemophilia. It is unfortunate,
that the authors chose only to conclude that plasma pool size alone would be
inadequate in reducing the risk of exposure to persons who repeatedly use blood
products. We would have to agree, but reduced pool sizes when combined with
other technologies (ie., improved collection procedures and improved viral
inactivation) could greatly diminish current risk exposure probabilities and reduce
the amount of product requiring recall when a problem does oceur.

Past experience with hepatitis and HIV has demonstrated that not everyone who
receives a contaminated lot of product becomes infected, as is assumed in the
Transtusion article. We need only o iook at the spread of HIV fo realize that many
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patients received mulliple exposures fo HIV before becoming infected. Exposure

1o fewer donors would have allowed some individuals to escape infection.

NHF has communicated to FDA its request for limits on the maximum number of
donors that can be pooled together in the manufacture of blood products for the
following reasons:

increased Safety - As emerging infectious viruses threaten or place the
biood supply and blood products at risk, reductions in pool size can
delay the possibility of widespread transmission.

Reduction of Exposures - By reducing the total number of donors that a
person is exposed to over a period or time, the fikelihood of transmission
of an infectious disease is minimized. This point is especially relevant to
persons with a mild or moderate bleeding disorder (i.e., infrequent
users) for whom reductions in pool size may have prevented the
fransmission of HIV,

Preserves Product Supply - Under the cument situation, identification of
a single blood donor with a disease or a risk of a disease can result in
the recall of multiple lots of blood product, requiring the retum of
hundreds or thousands of vials of clofting factor concentrate.  Smaller
pool sizes and placing donations from a single donor in one lot would
result in fewer lots requiring withdrawal or quarantine. Products
shortages caused by recalls can be dangerous to the hemophilia
community due to the urgency of treating certain bleeds.
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Creuztfeidt-Jakob Disease

Recently we have had numerous recalls due fo possible Creutzfeldt-Jakob
Disease (CJD) contamination. As this Committee knows from previous
consideration of this issue, we do not know if CJD can be transmitted by blood
products, although it is known to be tfransmilled by plasma products in
experimental animals. Fortunately, no cases of CJD have yet been identified in
the bleeding disorders community. However, the number of recalis that have
occurred because a donor was later identified as having, or being at risk for, CJD
is staggering and has affected the supply of coagulation products in the
marketplace. Clearly, if poof size limits were in place, substantially less product
would be considered contaminated and require removal from the market
because of the identification of a singie at-risk donor.

CJD is highly resistant to the viral inactivation techniques employed today to
destroy HIV and Hepatitis C. Thus, CJD, along with resistant viruses like Hepatitis
A and Parvovirus B19, could be a model for the next potentially deadly pathogen
to infect the blood supply. NHF has worked with the National Heart, Lung, and
Blood Institule to encourage a study of the scope of vulnerability within the
hemophilia community to blood contaminants such as CJD. Research to develop
inactivation procedures which destroy these resistant pathogens also is of critical
importance to the present and future safety of the blood supply.

Product Recalls/Withd i { Patient Notificati

We know that recalls occur when the system of donor deferral, donor screening,
and viral inactivation, coupled with good manufacturing practices, has broken
down. The frequent occurrence of these events (1-2 per month) continues to
shake the confidence of consumers and their providers within our community.
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As a result of the events of the 1880s where nearly half of all members of our
community were infected with HIV, NHF is committed to ensuring that consumers
of biood products have information about the products they are using in order to
make informed and educated decisions about their treatment. NHF believes this is
only possible when they are provided crucial and possibly lifesaving information as

soon as possible after FDA investigation of an adverse event begins.

Last year FDA reiterated its position that the blood product manufacturer is
responsible for delivering appropriate notification regarding the withdrawal or recalt
of a specific blood product to the end user of that product, stressing that the FDA
has now interpreted the Code of Federal Regulations definition of an "end user” as
the actual consumer of the blood product.

Since this announcement, FDA has requested that companies with products in
question contact consumer organizations such as NHF, and NHF has issued
medical bulletins to its chapters, treatment centers, and volunteer leaders and
placed information on our web site. This is only an interim system which wrongly
places the burden of notification on NHF and highlights the urgent need for FDA to
establish a prompt patient nofification system, clearly defining the responsibilities
of the manufacturer in communicating directly with consumers and their providers

when adverse events occur.

NHF has brought to the attention of FDA the problems that occur when NHF is
involved late in the process of a recall or withdrawal of product. We are concerned
that FDA has not brought fogether representatives from our organization, the
Centers for Disease: Control, the National Institutes of Health, and industry fo
develop a more complete notification system. This group aiso could work with
FDA to determine the appropriate investigational decisions and objective questions
that must be asked to determine when and how notification should occur. The
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Food and Drug Administration has in the past refied upon a iargely informal system
of recalls and withdrawals of blood products. This informality has fed to confusion,
as reported to this Committee iast month by the U.S. General Accounting Office,
about the required actions at each level of notification and directly contributes to
the lack of effective and prompt communication of product recalls and withdrawals
to blood product consumers.

In conclusion, more than two years after this Committee first began to examine
blood safety issues, many of the recommendations for a safer blood supply that
were part of this Committee’s blood safety report, the institute of Medicine’s 1995
report, and the U.S. General Accounting Office report have not been
implemented. As a community that has been irreparably harmed by
contaminated pooled plasma products and that has been advocating for
improvements in collection, testing, manufacturing, viral inactivation, tracking,
and recipient notification, we are at a loss to understand why the FDA and
manufacturers continue to be reluctant to implement meaningful measures to
ensure a safer blood supply and blood products. The bleeding disorder
community and others who rely on blood and biood products remain vuinerable
to infectious agents entering the U.S. biood supply, but have no sense that a

lesson has been learned from the past.
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Mr. SHAYS. Dr. Cunningham.

Dr. CUNNINGHAM-RUNDLES. First, I would like to thank the sub-
committee for inviting me to participate in this session on the topic
of safety implications of plasma pool sizes in the manufacture of
blood products.

My name is Dr. Charlotte Cunningham-Rundles. I am professor
of medicine, pediatrics and biochemistry at the Mount Sinai School
of Medicine in New York City. I am a member of the Immune Defi-
ciency Foundation’s Medical Advisory Committee, and my work for
the last 23 years has been in the laboratory study and clinical
treatment of primary immunodeficiency diseases.

There are about 50 or more of these diseases and many of these
result in frequent and life-threatening infections. Due to these ge-
netic defects, there is an estimated group of more than 20,000 peo-
ple in the United States—infants, children and an enlarging popu-
lation of adults—who are not able to make antibodies and who re-
ceive regular infusions of a plasma derivative, intravenous
gammaglobulin.

The antibodies are complex proteins found in the serum portion
of blood, and these proteins are vital for protection against bac-
terial and viral infections. Since the early 1950’s, the standard
treatment for immunodeficient patients has been the regular ad-
ministration of gammaglobulin obtained always from the blood of
normal donors. Originally, this was given by intramuscular injec-
tion, but since the early 1980’s the preferred route of administra-
tion has been by intravenous infusion.

Gammaglobulin pools from human blood contain antibodies of a
tremendous variety, representing the immune experience of thou-
sands of donors. Patients who don’t make their own antibodies are
completely dependent upon these infusions which they receive
every 3 or 4 weeks, with the expectation of doing so for the remain-
der of their lives.

I first started to use intravenous formulations of gammaglobulin
about 17 years ago, and I think I was one of the first investigators
in the United States to use this kind of treatment. Since that time,
I have used all of the existing formulations; and I have published
a number of articles on the clinical benefits, the biological and
immunological effects, and the occasional adverse reactions which
might result when using these products.

All the manufacturers fractionate intravenous immunoglobulin
from large pools of plasma, using their own proprietary methods
and pools of varying sizes. These antibodies, currently at least, can-
not be synthesized in the laboratory; and there is very little expec-
tation that molecular techniques will produce any other alternative
source of gammaglobulin.

The very reason that the gammaglobulin pools protect our pa-
tients is that they contain antibody molecules that protect against
the widest possible spectrum of bacteria and viruses. Limiting
blood pool donor size will at some point diminish the value of these
pools to our patients since the variety of antibodies would nec-
essarily be restricted.

We don’t know how small these pools can be and still provide
broad antibody protection to these immunodeficient patients. Our
point is, before we stipulate donor pool size, we really need to have
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this information; and this is the major point that I would like to
make today.

An additional point to consider is that patients with immuno-
deficiency receive immunoglobulin concentrates 12 to 16 times
every single year. In our infusion room, where we infuse approxi-
mately 100 patients a month, our patients are currently exposed to
10 to 12 lots of intravenous immunoglobulin of their prescribed va-
riety. If the pools are smaller, it is theoretically possible that each
of our patients will be exposed to a proportionately larger number
of pools. This may reduce or perhaps eliminate the benefits of re-
ducing the pool size.

These patients are frequent and lifelong users, and we believe it
becomes imperative that they have representation on the Health
and Human Services Advisory Committee on Blood Safety and
Availability and the FDA’s Blood Product Advisory Committee. De-
cisions made regarding manufacturing processes, safety and avail-
ability must incorporate the unique concerns of the immune-defi-
cient patient population.

Since the introduction of intravenous immunoglobulin, our pa-
tients can look forward to a normal life span. However, adverse re-
actions have occurred with the administration of immunoglobulin;
and in some cases these have forever changed and in a few in-
stances ended the lives of our patients.

Most recently, our patients have experienced an outbreak of hep-
atitis C due to the use of intravenous immunoglobulin products.
People with genetic immunodeficiency appear more likely to de-
velop fulminant viral hepatitis and liver failure for reasons that we
don’t understand.

As far as I am aware, there is no information available on the
total number of cases which have occurred; we think that a na-
tional registry compiling the natural history of this disease in this
patient group is needed. Some information about the patient’s re-
sponse to interferon, if used, results of liver transplantation, if per-
formed, would be a very valuable resource for physicians who are
still dealing with the aftermath of this outbreak.

The third issue I would like to touch upon is the means of notifi-
cation of product withdrawal and notification. I have received a
number of notices of recalled or withdrawn products of gamma-
globulin in the past year or so. These notices have come from a
number of different sources, including the Immune Deficiency
Foundation, manufacturers, the National Organization of Rare Dis-
eases and, in some cases, home care companies.

On the other hand, I have never had a notification from my own
hospital pharmacy, and I have never had one from the wholesale
distributors that I use. There may have been recalls or withdrawals
for which I have received no notification.

Since mine is a very large clinical practice dealing specifically
with primary immunodeficiency, I can only imagine the difficulty
amongst internists and pediatricians who only see a few patients
in their practice annually.

Because of the lack of an organized notification process, it is real-
ly likely that primary immunodeficient patients will receive an in-
travenous immunoglobulin infusion this week from recently with-
drawn lots.
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As a final note on the issues of notification, the Immune Defi-
ciency Foundation, for whom I serve as a voluntary medical advi-
sor, reports that it is common practice for some manufacturers to
advise them of recalls or withdrawals, but other manufacturers do
not do that. It is also my understanding that the FDA does not rou-
tinely inform the IDF of recalls or withdrawals either. Keep in
mind that, at the present time, the IDF organization and treating
physicians like myself are the only direct links to patients.

To summarize, I would like to leave the subcommittee with the
following recommendations or suggestions.

No. 1, the FDA, NIH or CDC should initiate a systematic study
into the relationship of plasma pool sizes and the antibody content
of intravenous immunoglobulin preparations. I think industry could
be a very active collaborator in such a study.

No. 2, the FDA, NIH and CDC should establish sufficient look-
back and health surveillance programs within the immunodeficient
population who do use intravenous immunoglobulin to assess past
exposures and current and future risks. I am talking especially
about hepatitis C.

The FDA and industry must rapidly address the issue of effective
physician and patient notification of recalls and withdrawals. The
Immune Deficiency Foundation will assist or advise in any way
possible.

We think it absolutely imperative that representatives of the pri-
mary immunodeficient patient population, whether they are med-
ical professionals or patients, be appointed to the existing blood ad-
visory panels so that they may assist regulators and industry in
avoiding mistakes.

Thank you very much for the opportunity to present this infor-
mation.

[The prepared statement of Dr. Cunningham-Rundles follows:]
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1 would like to thank this Subcommistee for inviting me to participate in this session on the
topic of safety implications of plasma pool sizes in the manufacture of fractionated blood
products. My name is Charlotte Cunningham-Rundles, and I am a professor of Medicine,
Pediatrics and Biochemistry at the Mount Sinai School of Medicine in New York City, I hold
MD and PhD degrees. Iam also a member of the Immune Deficiency Foundation’s Medical
Advisory Committee. My interests have been in the laboratory study and clinical treatment
of primary i odeficiency di . There are about 50 or more of these diseases; many of
these result in frequent and life-threatening infections. Due to these genetic defects, there are
an estimated group of more than 20,000 people in the United States, including infants,
children and an enlarging population of adults , who are not able to make antibodies, and who
receive regular infusions of a plasma derivative, intravenous gammaglobulin.

Antibodies are complex proteins found in the serum portion of the blood called
g globulin or i globulin; these proteins are vital for protection against bacterial,
viral, and other infections. Since the early 1950, the standard treatment for these
immunodeficient patients had been lar administration of g slobulin obtained from
the blood of normal donors. First given by intramuscular injection, since the mid 1980’s the
preferred route of administration had been by intravenous infusion. Gammaglobulin pools
from human blood contain antibodies of tremendous variery' representing the immune
experience of thousands of donors. Patients who do not make their own antibodies are
completely dependent upon these infusions, which they receive every three or four weeks,
with the expectation of doing so for the remainder of their lives.

1 first started to use intravenous formulations of gammaglobulin about 17 years ago, and was
thus one of the first investigators in the United States to use these substances. Since then I
have used all the existing formulations, and have published a number of articles on the clinical
benefits of this treatment, the biological and immunological effects of these molecules, and the
adverse reactions which may result when using these biological products. All manufacturers
fractionate intravenous immunoglobulin from large pools of human plasma, using their own
proprietary methods and pools of varying sizes. These antibodies cannot be synthesized in a
factory and there is little expectation that recombinant techniques will produce alternative
sources of gammaglobulin. The very reason that gammaglobulin pools protect our patients is
that they contain antibody molecules that protect against the widest possible spectrum of
bacteria and viruses. Limiting blood donor pool size will, at some point, diminish the value of
these pools to our patients, since the variety of antibodies would necessarily be restricted. We
do not know how small these pools can be and still provide broad antibody protection to the
immunodeficient patient. Before we stipulate donor pool size, we must have this information,
This is the first point that I would like to make today.

An additional point to consider is that patients with immunodeficiency receive
immunoglobulin concentrates 12 to 16 times a year. In our infusion room, where we infuse
about 100 patients per month, we have determined that our patients are currently exposed to
10 10 12 lots of their prescribed immunoglobulin product per year. If pool sizes are smaller, 1
assume that patients could be exposed 10 a proportionally larger number of lots. This would
reduce or eliminate the benefits of reducing the pool size.

Because these patients are frequent and lifelong users it becomes imperative that they have
representation on the Health and Human Services, Advisory Committee on Blood Safety and
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Availability and the FDA’s Blood Product Advisory Commirtee. Decisions made regarding
the manufacturing process, safety and availability need to incorporate the unique concerns of
the immune deficient patient population.

In the past 45 years the immunodeficient population has benefited, as well as experienced
some adverse consequences, through the use of these blood products. Since the introduction
of intravenous immunoglobulin, our patients can look forward to a normal, or near normal
fife span; however, adverse events associated with the administration of immunoglobulin have
occurred, and have forever changed or ended the lives of some patients. Most recently our
patients have experienced an outbreak of hepatitis C due to the use of two intravenous
immunoglobulin products. People with genetic immunodeficiency appear more likely to
develop fulminant viral hepatitis, and liver failure. As far as I am aware there is no
information available on the total number of cases which have occurred. A national registry
compiling the natural history of this disease in this patient group, predictors of patients’
response to interferon, and results of liver transplantation, if performed, would be a most
valuable resource for physicians and scientists who are still dealing with the aftermath of this
outbreak.

The third issue that I would like to touch upon is the means of notification of product recall
and withdrawal. I have received a number of notices of recalled or withdrawn lots of
intravenous immunoglobulin in the past year or so. In preparation for this testimony I
reviewed their various origins. These notices were received in my office from a variety of
sources, which include the Immune Deficiency Foundation, manufacturers, the National
Organization of Rare Diseases, and home health care companies. I have never had potification
from my own hospital pharmacy, nor from the wholesale distributors 1 use.

Although titne has not permitted me 1o conduct a through review since this subcommittee’s
invitation last week, it is reasonable to assume given the inconsistent nature of the current
notification system, that there may have been recalls or withdrawals in the past for which I
have received no notification whatsoever. Since mine is a large clinical practice specializing in
primary immunodeficiencies one can only imagine the situation among internists,
pediatricians and others who see only a few primary immunodeficient patients in their
practices annually. Because of IGIV product in the pipeline and because of a lack of an
organized notification process, it is aliogether likely that primary immunodeficient patients
will receive IGIV infusions this week from recently withdrawn lots.

As a final note on the issue of notification, the Immune Deficiency Foundation for whom 1
serve as a volunteer Medical Advisor reports that while it is common practice for some
manufacturers to advise them of recalls and withdrawals other manufacturers do not.
Additionally, it is my understanding from conversations with IDF staff that FDA does not
routinely inform IDF of recalls or withdrawals. Keep in mind that the IDF organization and
treating physicians like myself are the only direct links to patients.
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To summarize I would like to leave the Subcommittee with the following recommendations
or suggestions:

1.

The FDA, NIH, and or CDC should initiate a systematic stedy into the relationship of
plasma pool sizes and the antibody content of IGIV preparations. Industry must be an
active collaborator in such a study. The Immune Deficiency Foundation is willing to
assist.

‘The FDA, NIH, and CDC should establish sufficient look-back and health surveillance

programs within the primary immunodeficient population using IVIG, a significant
consumer population, to assess past exposures, viable treatments, and current and future
risks.

FDA and industry must rapidly address the issue of effective physician and patient
notification of recalls and withdrawals, The Immune Deficiency Foundation will assist
and advise in any way possible.

. It is absolutely imperative that representatives of the primary immunodeficient

population, be they medical professionals or patients, be appointed to the existing blood
advisory panels so that they may assist regulators and industry in avoiding tragic mistakes.
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Mr. SHAYS. I thank all three of you.

Your testimony is confirmation why I like the consumers basi-
cally to go first. There is a kind of policy that has been there so
long that the department heads get to address Congress first; and
if we don’t allow that to happen, it is considered a slight of the leg-
islative on the executive branch. But you have raised some ques-
tions that I wish I had asked our first panel.

Mr. Towns, do you want to begin?

Mr. TowNs. Thank you, Mr. Chairman.

Dr. Pierce, can you tell us about your group’s feelings about the
CDC’s involvement in funding of hemophiliac treatment centers?

Dr. PIERCE. Yes. For a number of years now, probably close to
8 or 10, the CDC has been actively funding a number of risk reduc-
tion programs in the hemophilia community, both at the level of
consumer-based chapters as well as at our hemophilia treatment
centers.

Initially, they were designed to decrease the risk of transmission
of HIV, which came via the plasma pool, to uninfected spouses and
sexual partners and children. So that was the initial impetus, was
to prevent the subsequent transmission of additional infections.

The emphasis has changed in more recent years with an empha-
sis on the prevention of other complications of hemophilia as well,
including joint disease, other infectious diseases such as hepatitis
C, which, if HIV were not in the community, hepatitis C would be
recognized as a major killer of individuals with bleeding disorders.

So the CDC has taken a more active role in looking at those com-
plications as well.

Mr. TownNs. Thank you very much. I was getting ready to say
that light did not give me 5 minutes.

We talked about notification. CDC has conducted a public service
campaign to notify people of possible exposure to hepatitis C.
Would any of the witnesses like to comment on that campaign?
Any of you?

Dr. PIERCE. I am not sure, from our perspective, we can comment
on it. In the hemophilia community, they have worked closely with
our treatment centers, so virtually everybody in our community has
been tested for hepatitis C infection; and it is being followed medi-
cally at this point.

Mr. TOwWNS. So you would not be.

Dr. CUNNINGHAM-RUNDLES. In the immune-deficient patient pop-
ulation, many studies were done regarding the incidence of that in-
fection. I think everyone was feeling quite complacent until ap-
proximately 1993 and early 1994, when it was discovered that
many patients were suddenly becoming infected with a product
they had considered safe for some 10 years prior to that.

After that, a rather intensive sort of surveillance has been under-
taken by most physicians dealing with patients who have received
this form of gammaglobulin using the PCR tests. So I think we now
have a pretty good means of knowing who is infected and who is
not.

The only difficulty is I think that not all patients know exactly
which gammaglobulin they may have received. They don’t know
that they are at risk; and, in fact, the infection could perhaps be
dormant and not tested for.
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Mr. Towns. I am looking for an answer on notification and with-
drawal: what can we do on this side? Just change roles for a mo-
ment. What can we do on this side to enhance that in terms of
that? I am concerned about the fact that if there is a problem and
then there is no real recall or if nobody pays any attention to it
or they put it in small print and nobody reads it, what can we do
on this side to make certain that, when something like this occurs,
that there is vigorous action taken on the part of the manufactur-
ers and everybody involved? What can we do?

Dr. PIERCE. Well, in your role of oversight of the FDA, I think
the FDA needs to make sure that the manufacturers are account-
able for getting notification out about product recalls rapidly, with
direct consumer and physician notification. That is the subject of
interpretation in the Code of Federal Regulations.

Industry has suggested that there may be new laws that are re-
quired. The FDA, at least as far as I had heard in the past, has
suggested that is not the case. They believe they have the ability
to enforce that. You would have to ask them for more specifics.

But we seem to be at a stalemate here, where nothing is occur-
ring that really will officially get that information out to people.

Mr. Towns. I think what I am saying is that maybe we should
look at some legislation that might bring about some specifics with
some penalties and all that involved? I don’t know. I think this is
why we have these hearings, to try to get information. I see there
is a problem, and I think something needs to be done, but I am not
sure what.

Dr. PIERCE. Well, someone needs to figure out if the FDA already
has the authority to do it; and, if they do, then it needs to be en-
forced. If they don’t, then we need legislation that gives them that
authority.

Mr. Towns. It is my understanding to some extent—and I could
be wrong—that the size of the plasma pool is a business decision
which is guided by economics and necessity. I understand in order
to produce some plasma products the producer needs a certain pool
size. I understand that.

Would any of the witnesses care to comment on the economics
versus the public health concerns? I get the feeling there are some
economics tied into this. I could be wrong.

Dr. PIERCE. You know, the economics work both ways. On the
one hand, if you have a smaller manufacturing process or smaller
number of pools put together to form a lot, yes, that will cost more,
that may decrease the amount of product; and we will probably
hear about that from industry this afternoon.

On the other hand, the number of recalls that are occurring has
already had a significant economic impact as well as a significant
impact on supply. So there is a balance there.

When you are talking about pool sizes or lot sizes, however we
want to define it, that are in the hundreds of thousands, I will go
back to the first panel and say, common sense tells you that is just
way too high from a public health perspective, for all the reasons
that have been outlined earlier today.

Mr. TOWNS. Any other comments on that?

Dr. CUNNINGHAM-RUNDLES. Well, I think we don’t know how
small the pool size should be either. I see the number 1,000 ban-
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died around from place to place. I don’t know where that number
1,000 came from. I don’t even know if it is accurate. So even the
lower limit I think is something which is subject to challenge at
this point.

I know that for the immune-deficient patient population, there is
a rare central nervous system disease called echo virus; and there
have been situations, especially I would say in the last 10 years—
not commonly, but it will occur—where physicians are having to
test various lots of gammaglobulin to make sure that they have
enough antibody present in a given preparation to treat their pa-
tient. That says to me that perhaps those lots don’t contain enough
broad spectrum of antibody.

So the lower limit I think is another issue that we don’t talk
about very much, but I suspect that may be as important.

Mr. Towns. That is a good point.

Let me just sort of ask a last question here. There are a few bills
in the House that would establish a compensation fund for people
who have contracted HIV as a result of exposure to blood or blood
products. I must admit I am a cosponsor of one of them.

I would like to know the thoughts of anyone on the panel who
would care to comment on the compensation idea. Give me your
views and feelings around this whole compensation concept.

Ms. CROOKER. Compensation—basically, the hemophiliacs have
been the watchdogs, they have been the canaries or whatever you
want to call us, for the blood supply here in the United States and
in the world. Anything that goes wrong in the blood supply, they
come down with it first. So, you know, if there is no problems with
the hemophiliacs, then the blood supply is fairly safe.

You pay your guards, you pay—you even pay for your canary,
those that they take down into the mines. We should get some com-
pensation in this sense if for no other reason. Besides, it was an
FDA-approved product.

Dr. CUNNINGHAM-RUNDLES. I suppose I feel similarly.

With regards to the patients with hepatitis C, with primary im-
mune-deficiency disease, the situation is no different. That virus, in
fact, was in certain preparations for reasons that we don’t com-
pletely understand, but the patients certainly weren’t at fault.

Dr. PIERCE. The hemophilia community, as Ms. Crooker said, has
been on the front lines. There has been a failure of the system in
the 1980’s that resulted in this devastating infection, and we are
working very hard to see that the Ricky Ray bill is passed because
of that.

Mr. Towns. I thank all the members of the panel.

Mr. Chairman, let me thank you. It is so important that we are
able to spend the time to get information, because it is a very seri-
ous issue, and we need to know as much about it as possible.
Thank you for your generosity.

Mr. SHAYS. I thank you.

Mr. Pierce was thanking me for being involved in this effort. Mr.
Pierce, I think you know that Mr. Towns has really been an equal
partner in this effort, as have some of the other members—Dr.
Pierce, I am sorry.

Dr. Pierce, I am taught to think of the hemophiliac community
as kind of the canary in the coal mine, so I know you are right in
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the front lines in this whole issue. I really do wish that we had
gone with this panel first, because we didn’t deal with any of the
recall issue.

I would like each of you to tell me in your mind how the system
works. Ms. Crooker, you lost your precious grandson, and then 2
years after his death you were notified that one of the pools that
he had used had a contaminated source.

Ms. CROOKER. No. It was 5 months before his death.

Mr. SHAYS. I am sorry.

Ms. CROOKER. I had got information that 2 years before that he
had received a lot of factor contaminated with possible CJD, but it
was 2 years after his death to get the results that he had not died
of CJD or CJD was not present in his system.

Mr. SHAYS. They determined later it was not.

Ms. CROOKER. It was not.

Mr. SHAYS. So what would be your general point? What should
I learn from your experience?

Ms. CROOKER. Well, I know the treatment center in New Jersey
is very fast, when they get recalls, of notifying the families of the
community about recalls, but it seems like that there is such a
delay between their notification from industry. So I think the in-
dustry has to be within a certain time limit or the time limit must
be shortened between their notification of the general public.

Mr. SHAYS. In the course of the 12 years with your grandson, had
you experienced recalls, notices of recalls and so on?

Ms. CROOKER. There was a lot of recall notices when he was
younger with the HIV, and they came very slow also. In fact, a lot
of times my recall notices came well after I had used up all the
product.

Mr. SHAYS. So when that happened, for instance in HIV notifica-
tion, would you go and have your grandson tested for HIV? How
does someone respond when you get a notice like that?

Ms. CROOKER. Roger was at a time where he just received heat-
treated factor

Mr. SHAYS. Right.

Ms. CROOKER [continuing]. So it was not until some time around
1987 where he received a recall factor from Armor; and at that
time they said there was no need because this was not his lot num-
bers, because he had only received heat treated. It came to be that,
because of the second recall factor, that he received about a year
later, I believe it was, it was a group that he again had received,
and shortly after that they finally did the testing.

Mr. SHAYS. When you get a notice, is it something that you just
kind of are blase about?

Ms. CROOKER. No. We are very aware of the notice. We check the
lot numbers we have on record.

Mr. SHAYS. I see. Dr. Pierce.

Dr. PIERCE. I would like to make three points regarding recall
and notification.

The first is the sheer number of recalls that have occurred as a
result of a failure of good manufacturing practices. I am not
aware—there may be some, but I am not aware of any other FDA-
approved drugs that have had this kind of history over the past
year. That has caused a tremendous amount of anxiety in the com-
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munity, because we have got these products at home, we use them
at home in our refrigerators, and we are completely dependent.

Mr. SHAYS. So when you get notification like that and you are
looking at a lot size, you are going down, you are going to get this
lot, this medicine, the plasma and so on, looking at it and holding
your breath to determine if this is one that is recalled?

Dr. PIERCE. Yes, to a large degree. You wonder, when you use
the material, has this been recalled, and I'm just not aware of it
yet; is this product under investigation, and I'm not aware of that
yet.

Mr. SHAYS. When you get a recall—I'm just trying to anticipate—
when you get a recall, you immediately check?

Dr. PIERCE. Yes. There is no question. But if you've—if you get
a recall notice for a particular product, you look at the lot numbers
on that product and make sure you don’t have that product.

Mr. SHAYS. OK.

Dr. PIERCE. The other point to make on the notification is that
it is a very haphazard. It doesn’t by—industry is not accountable
to take notification down to the end user, which the FDA has now
specified is the consumer of the product, the person who is infusing
that product into their veins. And without that, then you are left
uncertain as to whether or not the end user in all cases has gotten
the information.

Mr. SHAYS. I wonder if the economics would require them to try
to contact the end user. I don’t know how feasible it is, if there
would be an added incentive to have a smaller lot size.

Dr. PIERCE. Well, if you’re able to go up the system by writing
a prescription, sending that in, getting product from the manufac-
turer, you should be able to go down the system following that
same pathway and make sure that you contact the person for
whom that prescription was written for if there’s a problem.

Mr. SHAYS. Dr. Cunningham, do you want to explain how the re-
call system works from your standpoint?

Dr. CUNNINGHAM-RUNDLES. From my standpoint, we buy very
large amounts of gammaglobulin at a time, and we stock it in our
infusion area, and when we get a recall, we check to see whether
we have any cases that match that lot. In most cases, the recall
comes quite a bit after the lots have already been used, and that’s
partly because CJD recalls, for example, often happen retrospec-
tively. The donor was later found to have come from a family in
which a case was reported, so it’s far too late. It might have been
even several years previously. So that’s the first issue.

The second thing is, since we buy it from large distributors, they
have no idea which lot which patient got. So it becomes, I think,
equally impossible for a manufacturer to know what lot an indi-
vidual patient got given.

The other issue is that I think a good number of physicians in
the United States don’t write down lot numbers at all, and so that’s
another issue that I think is important. The only way I can think
of to do it is to put a box top into the bag of gammaglobulin and
have it returned to the manufacturer, and that’s obviously incred-
ibly labor-intensive. It’s almost like a coupon in a box of Cheerios.
And that would be very impractical perhaps.
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But the net—the end user is the only one who really ends up
needing the information, but that turns out to be filtered with a
good number of layers between that individual and the manufac-
turer.

Mr. SHAYS. Is the—I want each of you to tell me your position
on lot size and why. You've done it in your testimony, you in par-
ticular, Dr. Pierce, but I want you to say what you would like to
see as a consumer. It is clear from our committee’s standpoint that
we have thought that the general lot size was in the tens of thou-
sands, not in the hundred thousands, the pool size—I don’t mean
the lot size, I'm sorry, in the pool size was in the tens of thousands,
not in the hundred thousands. Does it make a difference to you?
And if so, explain to me why it makes a difference.

Ms. CROOKER. Lot size to me is important just from the stand-
point in the sense that the more there is, the more chances of con-
tamination. But I think a standard has to be made. This way, in
a standard all across, you would know that in that standard there
was a high present and there was a low present. If there was a
variation in that, then you know there was something wrong in
that lot size.

Mr. SHAYS. So you want standardization and limit——

Ms. CROOKER. Limitation of size, less exposure.

Mr. SHAYS. OK. Dr. Pierce.

Dr. PIERCE. I think the manufacturers have been allowing us to
confuse pool sizes and lot sizes for the last couple of years. And
we’ve been led to believe that the pool size, which we’ve translated
into the lot size, is about 15,000 donors for source plasma. They
have allowed that to occur. They have told us that, knowing full
well that they mix these pools together, which we weren’t aware
of, and that their lot sizes are, in fact, much, much higher. So I'm
coming at this from the perspective of feeling like I've been de-
ceived by a number of individuals on this issue.

Mr. SHAYS. I mean—and you follow this issue very closely. You're
not a casual participant in this process, you're someone who has
spent a lot of time and—and when did you become aware of the dif-
ference between pool size and lot size?

Dr. PIERCE. I first became aware of it November 1996 when I
was told by an individual at the FDA that there was a very real
distinction and that pools were mixed together to form lots. I later
queried industry by sending a letter to all of the manufacturers,
asking them what the maximum number of units were, maximum
number of donors were in their lots over the past 3 years and what
the average number was. That was when I first got information
from most of the manufacturers telling me that they were in the
high, high—well they were in the hundred thousand range, up to
the hundred thousand range.

Mr. SHAYS. Well, it’s just like when this committee had a hearing
on Gulf war illnesses, and we asked about chemical exposure, and
we were told there was no offensive use of chemicals, therefore
there was no chemical exposure when there was defensive exposure
to chemicals; in other words, we blew up the depots and so on. It’s
just—you feel like you're in a war game.
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Dr. PIERCE. Exactly. You are playing 64 questions, and you just
have to figure out what the right question is to ask. And it’s an
iterative process.

Mr. SHAYS. OK. Dr. Cunningham.

Dr. CUNNINGHAM-RUNDLES. I don’t think I would be able to
say

Mr. SHAYS. The question is

Dr. CUNNINGHAM-RUNDLES [continuing]. With any scientific cer-
tainty how big or how small the pool size would be. I know that
the major impact right now for large pool size for us is a chronic
shortage of individual products of gammaglobulin. So the patient
doesn’t know if theyre going to be able to get their infusion. The
home care company will cancel repeatedly.

Mr. SHAYS. Is the larger the pool size——

Dr. CUNNINGHAM-RUNDLES. It’s more likely the recall will affect
greater numbers of bottles, and therefore we’ll be temporarily
short-stocked on many different products. And that, to me, is the
single daily most annoying headache about the large pool size.

Mr. SHAYS. OK.

Dr. CUNNINGHAM-RUNDLES. Yes, there is the very strong issue of
infectivity, and we cannot look past that. It’s also very important
to say that we also think there’s a lower limit that should be adopt-
ed, although the scientific evidence for that is not in. I think we
should gather it.

Mr. SHAYS. OK. Is there anything else that the three of you
would like to say before we get to our next panel?

Dr. CUNNINGHAM-RUNDLES. There’s one more point I would like
to make. It hasn’t been brought up in this particular committee,
but this has to do with the growing use of intravenous
immunoglobulin for autoimmune diseases. It’s not something which
is part of my role at the Immune Deficiency Foundation, but as a
clinical immunologist. You should be aware that the major use
right now is for these diseases, and not the ones that I've discussed
or we've discussed today. We don’t know why it works in those ail-
ments. Many people have suspected that it might be due to the
presence of illusive secondary antibodies called anti-idiotypic anti-
bodies. If this is the case, then it could be that we would be reduc-
ing pool size and eliminating value which we inadvertently got by
large pool size. So we must somewhere in our thinking process re-
cal%lthat is another usage and perhaps should be thought about as
well.

Mr. SHAYS. Thank you very much. I appreciate all three of you
being here. Thank you.

Dr. PIERCE. Thank you.

Mr. SHAYS. We're going to go to our third and final panel and
ask for Dr. Richard Davey, Mr. Robert Reilly, Mr. Michael Fournel,
Dr. Ed Gomperts, Dr. Fred Feldman and Ms. Sue Preston.

I thank all of our six witnesses for being here. And as you know,
we need to swear you in, so if I could ask you to stand and raise
your right hands.

[Witnesses sworn. ]

Mr. SHAYS. Thank you very much. I appreciate all of you being
here. This is a very important hearing, very important issue, and
we don’t pretend to have the answers. We're wrestling with this
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issue, obviously, as you can imagine, and want to make construc-
tive contribution. So it’s nice to have you here.

I think you can imagine, with six witnesses, I'm going to be a lit-
tle stricter with time. And I'm making an assumption that you
have some—in some cases will coordinate your testimony to some
measure that—OK. I’'m looking at some question marks here. The
bottom line is, if you feel that the issue has been covered by some-
one else, you can just kind of say, “ditto.” But I am going to be
strict on the 5 minutes given that we have six witnesses.

And we’ll start with Dr. Davey, and we’ll go as I called you. Let
me just say you're actually sitting the way I called you.

May I just ask beforehand, it just helps me sort out—we have
three manufacturers—we have four manufacturers plus the indus-
try representative, and that’s you, Mr. Reilly.

Is it fair to say that the testimony—have you all shared your tes-
timony? I mean, do you all know what the others are saying? This
isn’t antitrust.

Dr. DAVEY. No, we haven’t.

Mr. SHAYS. But I'm making an assumption that your testimony,
Mr. Davey, will be slightly different than the other testimony. I'm
going to give you a little more flexibility with the 5-minute rule.
I'm just going to say that.

And, Dr. Reilly, I'll give you a little more—MTr. Reilly, I'm sorry—
a little more flexibility with the 5 minute rule, giving you’re rep-
resenting the entire group. But I will be strict with the four of you,
if that’s all right. That’s the way I will proceed. OK.

So, if you didn’t get to cover it in your testimony, we’ll try to get
it in your questions.

So we’ll start with you, Dr. Davey.

STATEMENTS OF RICHARD DAVEY, M.D., CHIEF MEDICAL OF-
FICER, AMERICAN RED CROSS; ROBERT REILLY, EXECUTIVE
DIRECTOR, INTERNATIONAL PLASMA PRODUCTS INDUSTRY
ASSOCIATION; MICHAEL FOURNEL, VICE PRESIDENT,
BIOLOGICALS DIVISION, BAYER CORP.; ED GOMPERTS, M.D.,
VICE PRESIDENT, MEDICAL AFFAIRS & CLINICAL DEVELOP-
MENT, BAXTER HEALTHCARE CORP.; FRED FELDMAN, Ph.D.,
VICE PRESIDENT, CENTEON CORP.; AND M. SUE PRESTON,
VICE PRESIDENT, QUALITY & REGULATORY AFFAIRS, ALPHA
THERAPEUTIC CORP.

Dr. DAVEY. Thank you very much, Mr. Chairman, Representative
Towns, and members of the subcommittee for inviting me to speak
about this important issue of plasma derivative safety. I'm Dr.
Richard J. Davey. I'm a board certified hematologist, and I'm the
chief medical officer of the American Red Cross Biomedical Serv-
ices, and Alternate Responsible Head for FDA License 190 under
which our blood services program operates.

The American Red Cross is the largest not-for-profit provider of
blood services in the United States, collecting almost 6 million
units of whole blood from volunteer donors annually, or about 45
percent of the Nation’s blood supply. Blood collected for transfusion
is made into specific components such as red blood cells, platelets,
and plasma, which Red Cross distributes to over 3,000 hospitals in
the United States.
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In addition to those components, approximately 1 million liters
of plasma recovered from our volunteer blood donor units are annu-
ally processed or fractionated into plasma derivatives. Approxi-
mately 800,000 liters are fractionated at Baxter Healthcare’s
Hyland Division under that company’s FDA license, and approxi-
mately 200,000 liters are fractionated by the Swiss Red Cross
under its FDA license. These plasma derivative products are dis-
tributed under the Red Cross label to hospitals, hemophilia treat-
ment centers, and other intermediaries. The Red Cross itself does
not fractionate plasma.

Plasma derivatives manufactured from Red Cross include Factor
VIII Concentrate, albumin, and immune globulins. Red Cross plas-
ma derivatives account for approximately 15 to 20 percent of the
Nation’s supply and are produced solely from voluntary nonremu-
nerated donations.

I've been asked to comment on the role of plasma pool size in re-
lation to plasma derivative safety and to outline new safety initia-
tives which will ensure that Red Cross plasma products will con-
tinue to be manufactured by state-of-the-art methods.

Before doing so, it is necessary to distinguish between recovered
and source plasma. Red Cross plasma derivatives are made from
voluntary whole blood donations. Plasma obtained when whole
blood is divided into components is called recovered plasma. In con-
trast, plasma derivatives made by commercial companies are man-
ufactured principally from plasma obtained by a procedure called
plasmapheresis. And plasma obtained by plasmapheresis is called
source plasma.

The amount of recovered plasma from a unit of whole blood aver-
ages 250 milliliters. The amount of source plasma obtained by plas-
mapheresis averages about 700 milliliters. Therefore, an initial
pool of recovered plasma contains plasma from more than two to
three times the number of donations as the same size pool made
exclusively from source plasma.

The Red Cross has taken several steps to reduce the number of
donations in pools of recovered plasma. In early 1996, we directed
Baxter to initiate and validate processes to ensure that Red Cross,
AHF-M and IVIg, or Polygam S/D, are derived from pools con-
taining approximately 16,000 liters, or between 54,000 and 60,000
donations.

Since mid-1996, the vast majority of Red Cross AHF-M and IVIg
have been derived from pools containing fewer than 60,000 dona-
tions. Importantly, this process ensures that the albumin used to
stabilize AHF-M and IVIg is also derived from the same pool; in
other words, material from different pools is not mixed together.
Efforts will continue over the next year to reduce pool size to simi-
%ar levels for the production of albumin that’s intended for trans-
usion.

These efforts to limit the number of donors in plasma pools will
continue. Our commitment to safety is demonstrated by our record.
Over 1 billion units of American Red Cross AHF-M have been in-
fused since the latest generation of AHF-M was introduced in 1988,
with no reported cases of viral transmission.

Pool size is only one of the elements to consider in improving the
safety of plasma derivatives. The Red Cross is actively exploring
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new methods to inactivate or remove potentially transmissible
agents from blood and plasma. These methods include gamma irra-
diation, iodine treatment, and the use of high-efficiency filters.
These techniques can be effective against both known and newly
emergent threats to plasma derivative safety.

Within the next year, the Red Cross will also implement a highly
sensitive testing technology called polymerase chain reaction, or
PCR, to detect early evidence of infectious virus in plasma to be
processed into derivatives. Preliminary studies suggests that PCR
testing may prevent the transfusion of several hundred blood com-
ponents each year that may be infectious for hepatitis C.

I've also been asked to address the evidence regarding the poten-
tial for transmission of Creutzfeldt-Jakob disease, or CJD, through
the blood supply and to review Red Cross research in this area.

The Red Cross takes all potential threats to blood safety and
plasma safety very seriously, and we’ve moved aggressively to ex-
pand the body of scientific information related to CJD. We have
several research studies underway at our Jerome Holland Labora-
tory and, as you’ve heard this morning, in collaboration with Dr.
Paul Brown at the NIH, and also with Dr. Robert Rohwer at the
Veterans’ Administration.

The Red Cross has committed over $1 million in research study-
ing possible links between CJD and transfusion, probably more
than any other private organization. We've also taken steps to re-
duce the likelihood that plasma from a donor subsequently diag-
nosed with CJD is included in pools for fractionation.

CJD is a disease, as you've heard, of older people, with a mean
age of incidence, to my understanding, of 67 years old. The Red
Cross only uses plasma from donors 59 years old or younger for
fractionation, thus eliminating the age group at greatest risk for
CJD from plasma pools. Plasma from older donors continues to be
used beneficially as single donor products.

The Red Cross is also conducting a CJD lookback study with the
CDC, as you have heard this morning from Dr. Satcher. That study
is under the direction of Marion Sullivan at our Red Cross Holland
Laboratory. She studied 179 recipients of blood transfusions from
donors subsequently diagnosed with CJD. These recipients have
been followed for up to 25 years following transfusion. None of the
recipients has died of CJD, and none has shown any sign of the ill-
ness. These data are encouraging. Until there is further convincing
evidence of nontransmissibility, however, the Red Cross will con-
tinue to quickly withdraw plasma derivatives following receipt of
postdonation information from a donor or a donor’s family about a
risk of CJD.

In conclusion, Mr. Chairman, the American Red Cross is com-
mitted to providing an adequate supply of blood components and
plasma derivatives to meet the highest standard of safety. Red
Cross plasma derivatives are proven to be both safe and effective.
We've taken steps to ensure this safety by reducing the number of
volunteer recovered plasma donations in pools for fractionation and
by eliminating plasma from donors in age brackets most likely to
be affected by CJD. These steps are part of a larger program to im-
prove safety by an aggressive quality assurance program, focused
research programs, and improved donor screening and testing. The
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Red Cross takes the issue of blood safety very seriously. We're
proud of our record and of our tradition of serving the American
people.

Thank you, Mr. Chairman.

Mr. SHAYS. Thank you, Dr. Davey.

[The prepared statement of Dr. Davey follows:]
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Thank you very much Mr, Chairman, Representative Towns, and members of the
Subcommittee, for inviting me to speak with you about the important issue of plasma
derivative safety. As I will be presenting only a portion of my written statement today, 1
ask that the complete statement be made part of the record. Iam Dr. Richard J. Davey,
Chief Medical Officer of the American Red Cross Biomedical Services and Alternate
Responsible Head for FDA License 190 under which our blood services program
operates. I also chair the Research and Development Commitiee of the Red Cross, and
work closely with Red Cross physicians and the scientists at our Jerome Holland
Laboratories on a variety of issues relating to the safety of blood components and plasma
derivatives. Before joining the Red Cross I was with the National Institutes of Health for
19 years, most recently as Chief of Laboratory Services with the Department of
Transfusion Medicine. I am a board certified hematologist and am an Associate
Professor of Medicine at Georgetown University Hospital. Ihave also been a medical
officer with the Global Blood Safety Initiative of the World Health Organization,

The American Red Cross is the largest not-for-profit provider of blood services in the
United States, collecting almost 6 million units of whole blood from volunteer donors
annually, or about 45% of the nation’s blood supply. Blood collected for transfusion is
made into specific components such as red blood cells, platelets and plasma, which Red
Cross distributes to over 3,000 hospitals in the United States.

In addition to those components, approximately 1,000,000 liters of plasma recovered
from our volunteer blood donor units are annually processed, or fractionated, into plasma
derivatives. Approximately 800,000 liters are fractionated at Baxter Healthcare’s Hyland
Division under that company’s FDA license, and approximately 200,000 liters are
fractionated by the Swiss Red Cross under its FDA license. These plasma derivative
products are distributed under the Red Cross label to hospitals, hemophilia treatment
centers, and other intermediaries. The Red Cross does not itself fractionate plasma.

Plasma derivatives manufactured for Red Cross include Factor VIII Concentrate used by
persons with hemophilia, albumin used to restore plasma volume in treatment of shock
and burns, and immune globulins used to treat immune disorders. Red Cross plasma
derivatives account for approximately 15 - 20% of the nation’s supply and are produced
solely from voluntary, non-remunerated donations.

jvt Rec i

Plasma derivatives are concentrates of specific plasma proteins prepared from large pools
of plasma by fractionation. Viruses are inactivated by processes such as heat and solvent-
detergent treatment. I have been asked to comment on the role of plasma pool size in
relation to plasma derivative safety, and to outline new safety initiatives which will
ensure that Red Cross plasma products will continue to be manufactured by state-of-the-
art methods.
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Before doing so, it is necessary to distinguish behween recovered and source plasma. Red
Cross plasma derivatives are made from voluntary whole blood donations., Plasma
obtained when whole bleod is divided into components is called recovered plasma. In
contrast, plasma derivatives made by commercial companies are manufactured
principally from plasma obtained by a procedure called plasmapheresis. Plasma obtained
by plasmapheresis is called source plasma,

The amount of recovered plasma from 4 unit of whole blood averages 250 mL  The
amount of sowrce plasma obtained by plasmapheresis averages 700 ml Therefore, an
initial pool of recovered plasma contains plasma from more than two to three times the
number of donations as the same size pool made exclusively from source plasma.

The Red Cross has taken several steps to reduce the number of donations in pools of
recovered plasma. In early 1996 we directed Baxter to initiate and validate processes to
insure that Red Cross AHF-M and IVIg (Polygam S/D} are derived from pools containing
approximately 16,000 liters, or between 34,000 and 60,000 donations. Since mid-1996,
the vast majority of Red Cross AHF-M and I'VIg have been derived from pools
containing fewer than 60,000 donations, Importantly, this process insures that the
albumin used to stabilize AHF-M and IVIg is also derived from the same pool -- in other
words, material from differing pools is not mixed together. Efforts will continue over the
next year to reduce pool size to similar levels for the production of albumin intended for
transfusion.

In addition, we are incrementally increasing the volume of recovered plasma donations
through improved collection and separation techniques. Through these efforis the
average volume of recovered plasma per unit of whole blood has increased from less than
250 mi to 283 mi and we expect further improvements to follow. We also intend to
increase the amount of volunteer plasma obtained by plasmapheresis to further decrease
the number of donors in Red Cross plasma pools.

These efforts to limit the number of donors in plasma pools will continue. Our
commitment to gafety is demonstrated by our record: over one billion international units
of American Red Cross antihemophilic factor have been infused since the latest
generation of AHF-M was introduced in 1988 with no reported cases of viral
transmission.

Pool size is only one of the elements to consider in improving the safety of plasma
derivatives. The Red Cross is actively exploring new methods to inactivate or remove
potentially transmissible agents from blood and plasma such as gamma irradiation, iodine
treatment, and the use of high efficiency filters. These techniques can be effective against
both known and newly emergent threats to plasma derivative safety. Dr. William Drohan

2
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of the Red Cross Holland Laboratory recently reviewed these and other technologies at a
meeting of the FDA Blood Products Advisory Committee.

Within the next year, the Red Cross will also implement a highly sensitive testing
technology called polymerase chain reaction, or PCR, to detect early evidence of
infectious virus in plasma to be processed into derivatives. Preliminary studies suggest
that PCR testing may prevent the transfusion of several hundred blood components each
year that may be infectious for hepatitis C.

ug| il

The Subcommittee is concerned that large pool sizes impact the effectiveness of product
recalls. Atthe November 19, 1996 FDA Informational Meeting on Notification of
Plasma Withdrawals and Recalls, and at the March 1997 FDA Blood Products Advisory
Committee Meeting, the Red Cross expressed its support of a system that would provide
early, accurate, and complete patient notification of product recalls and withdrawals so
patients can make informed decisions about their treatment.

We are acutely aware of the inadequacies in the information network that links
manufacturer’s product lot numbers with the patient who uses the product. For this
reason we support federal regulation to date the per tr ding of product lot
numbers by intermediate distributors, thus providing greater assurance of complete
patient notification. ‘In the ab of such a requi t, the American Red Cross has
promptly notified hemophilia treatment centers and hemophilia treaters as well as the
National Hemophilia Foundation of any product withdrawal or recall,

At its June 5, 1997 hearing, the Subcommittee explored the relationship between error
and accident reporting (EAR) and product recalls. The timeline for initiation of a recallis __
distinctly different from the reporting of errors and accidents to FDA. If the Red Cross
becomes aware of a problem that necessitates withdrawal or recall of a blood component
or plasma derivative product, we immediately quarantine the product and do not allow its
distribution. The FDA is notified of a recall as soon as we are aware of the need to
retrieve product. If it has already been distributed, we immediately notify the
intermediate distributor of the lots involved and ask that they in turn notify the
prescribing physician. Gaining control of the product as soon as possible is the most
important action.

Filing Error and Accident Reports is a separate action, decoupled from the product
recovery action and recall notification with FDA. Red Cross has established a Recall
Task Force to review recalls and market withdrawals, with the objective of reducing them
to the greatest extent possible, S
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Regulatory Issues

The Red Cross biood and plasma programs are regulated by the Food and Drug
Administration. We are inspected by the FDA Office of Regulatory Affairs and by
_several other governmental and professional organizations. Since 1993 the Red Cross has
been operating under a consent decree agreed to by the Red Cross and the FDA that is
designed to improve our operations in several key areas. We have essentially completed
all requirements of the consent decree. For example, we have consolidated our 50 testing
Iaboratoties into nine new standardized state-of-the-art facilities that test all blood
donated to the Red Cross. We have also developed a powerful quality assurance program
that is the model for the industry. The FDA has been very tough but fair throughout this
process. The Red Cross is now a stronger, better managed, more efficient organization
because of these efforts.

Creutzfeldt-Jakob Disease (CID)

I have been asked to address the evidence regarding the potential for transmission of CID
through the blood supply, and to review Red Cross research in this area. The Red Cross
takes all potential threats to blood and plasma safety very seriously, and we have moved
aggressively to expand the body of scientific information related to CID. We have
several research studies underway at our Holland Laboratory and in collaboration with
Dr. Paul Brown at NIH and Dr. Robert Rohwer at the Veterans Administration. The Red
Cross has committed over $1 million in research studying possible links between CID
and transfusion, probably more than any other private organization.

‘We have also taken steps to reduce the likelihood that plasma from a donor subsequently
diagnosed with CID is included in peols for fractionation. CID is a disease of older
people, with a mean age of incidence of 67. The Red Cross only uses plasma from
donors 59 years old or younger for fractionation, thus eliminating the age group at
greatest rigk from plasma pools. Plasma from older donors continues to be used
beneficiatly as single donor products.

The Red Cross is also conducting a CID “lookback”™ study under the direction of Marion
Sullivan at the Red Cross Holland Laboratory. She has studied 179 recipients of blood
transfusions from donors subsequently diagnosed with CJD. These recipients have been
followed for up to 25 years following transfusion. None of the recipients has died of CJD
or shown any sign of the iliness,

‘These data are encouraging. Until there is further convincing evidence of non-
transmissibility, however, the Red Cross will continue to quickly withdraw plasma
derivatives following receipt of post-donation information from a donor or a donor’s
family about a risk of CID.
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Conclusion

The American Red Cross is committed to providing an adequate supply of blood
components and plasma derivatives that meet the highest standards of safety. Red Cross

_ plasma derivatives have proven to be both safe and effective. We have taken steps to
insure this safety by reducing the number of volunteer recovered plasma donations in
pools for fractionation, and by eliminating plasma from donors in age brackets most
likely to affected by CID. These steps are part of a larger program to improve safety by
an aggressive quality assurance program, focused research programs and improved donor
screening and testing. The Red Cross takes the issue of blood safety very seriously. We
are proud of our record and of our tradition of serving the American people.

Thank you.
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Mr. SHAYS. Mr. Reilly.

Mr. REILLY. Thank you. My name is Robert Reilly. I'm the execu-
tive director of the International Plasma Products Industry Asso-
ciation [IPPIA]. Thank you for the opportunity to testify today. We
applaud you and the subcommittee for your work and oversight in
the complex area of maintaining the safety of our Nation’s blood
supply. We view ourselves as partners in the effort to give the
highest possible assurance to people who depend upon plasma-
based therapies that safety is of paramount importance to us.

Chairman Shays, we heard you at the November 1995 hearing,
on the subject of protecting the Nation’s blood supply when you
cited the need for leadership. As providers for plasma-based thera-
pies, we are, and must continue to be, leaders in that commitment
to safety. It is a responsibility that we take very seriously.

I would like to begin by briefly describing the four main areas
of focus in my testimony: First, the role of pool size as a component
in the overall layers of safety. Second, the series of public policy
issues that examine the fragile balance among safety, availability,
and efficacy. Third, an industry initiative reducing pool size. Fi-
nally, we want to discuss our continuing commitment to make plas-
ma-based therapies safer still.

During testimony before a 1993 hearing of this subcommittee,
FDA described five traditional layers of safety. Our industry can,
and does, go beyond those five basic layers and employs additional
layers. Each of these layers is a defense against both known and
unknown agents. Together they form a protective safety barrier
that is far stronger than each of the component parts. Yet all of
the parts must be strong in order to provide the best assurance of
safety.

Let me summarize our industry programs and how they com-
plement each of the layers of safety. Since its inception in 1991, the
Quality Plasma Program [QPP] has required that all applicant do-
nors undergo additional AIDS/high risk education and screening.
The industry has introduced a series of four voluntary standards,
the first of which requires that no unit of plasma be accepted for
further processing unless the donor has successfully passed at least
two health assessments. Plasma from one-time donors will not be
accepted under this new standard. All companies and facilities
maintain registries of donors who have been previously deferred for
a variety of reasons.

Beyond this, the American Blood Resources Association devel-
oped and received an FDA 510(k) authorization to operate the Na-
tional Donor Deferral Registry.

In addition to the specific FDA required tests, the industry is in
the process of adopting Genome Amplification Technology, com-
monly known as PCR. A substantial improvement in this layer is
the addition of a 60-day hold of plasma inventory, announced as
one of the voluntary standards introduced by the IPPIA members.
This voluntary standard will be fully implemented by year-end.

Our quality assurance procedures provide a method to constantly
monitor and further improve the margin of safety of plasma-based
therapies. For example, QPP has set a standard that measures
each collection center on an industry-wide basis.
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Each of our member companies commits a significant investment
of human and financial resources devoted to this area. In addition
to the companies—in addition to the viral inactivation/removal pro-
cedures, the companies have created a consortium for plasma
science which is providing additional funding for research focused
on source plasma pathogen inactivation technologies.

With respect to notification/recall, the industry is developing a
well-publicized industry Web page with detailed information on
plasma-based therapies. In addition, IPPIA is developing a formal
network of user groups designed to directly contact consumers of
plasma-based therapies. Together these layers form a web of pro-
tection against both the known and the unknown risks we face now
and in the future.

In addition, we must examine the balance between safety, effi-
cacy, and availability. We must, however, balance those things
carefully.

In regard to product availability, we have to consider the effect
limiting pool size may have on access to plasma-based therapies.
The accompanying chart illustrates the effect on the supply of plas-
ma-based therapies of an immediate application of FDA limits on
donor exposures to 15,000. The chart shows the actual consumption
for four major therapies for the calendar year 1996. Superimposed
on each bar is the percent of each product industry would be able
to produce under this limit. As you can see, the FDA’s suggestion
would seriously compromise industry’s ability to provide an ade-
quate supply of these life-saving therapies. The efficacy of the
therapies, how well they perform, is important——

Mr. SHAYS. 'm going to interrupt you a second. If I forget to ask
that question, I'll need that explained——

Mr. REILLY. Yes, sir.

Mr. SHAYS [continuing]. As to why that’s the case.

Mr. REILLY. The efficacy of the therapies, how well they perform,
is an important element in our consideration of the impact of pool
size. That is why the effect of any changes in pool size on the effi-
cacy and quality characteristics of these therapies must be aggres-
sively monitored and studied to ensure that plasma-based thera-
pies remain effective in treating the patients who rely upon them.

Industry has taken an initiative to reduce the pool size. The in-
dustry recognizes the role of donor exposure and pool size in bal-
ancing the needs of product safety, availability, and efficacy. We
have worked diligently to develop an industry effort to limit the
number of donors to which patients are exposed. Our IPPIA pro-
posal recognizes that, from data that we have collected, that donor
exposures of some therapies can exceed the 100,000 level. We're
now confident that we can improve that situation. The IPPIA com-
panies have committed to developing and implementing enhanced
manufacturing practices for the major therapies. This will have the
immediate impact of at least a 40 percent reduction in such levels
of donor exposure.

We believe that we can achieve this without creating product
shortages, without major plant reconstruction or renovation, and
without a lengthy FDA process that would otherwise delay imple-
mentation of these—of this initiative. Where, long-term, our mem-
bers are committed to work with FDA product by product, company
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by company to further reduce the risks associated by donor expo-
sure. That may require amendments to product licenses, plant re-
construction, or plant renovations. The industry will report on the
continuing improvements being made in this area.

What we are pursuing beyond our pool size initiative is a com-
prehensive plan that builds upon the seven layers of safety that I
have just mentioned. That is our goal, our challenge and commit-
ment. We will in the future verify the successes of our efforts and—
through accurate reporting measurements.

People who depend upon plasma-based therapies for their health
and their very lives can be reassured the industry is working dili-
gently that those therapies are safe, available, and effective.

We commend you, Mr. Chairman, for your leadership in pro-
voking dialog on this important issue which has resulted in im-
provements in the Nation’s blood supply. Thank you.

Mr. SHAYS. Thank you.

[The prepared statement of Mr. Reilly follows:]
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Statement of Robert W. Reiily, Executive Director
International Plasma Products Industry Association
July 31, 1997

Mr. Chairman:

My name is Robert W. Reilly. | am Executive Director of the Intemational
Plasma Products Industry Association (IPPIA), the international trade association
representing the commercial producers of plasma-based therapies. Cur
members include Alpha, Baxter, Bayer, and Centeon and represent nearly 80%
of all the plasma-based therapies producers in the United States.

Thank you very much for giving me the opportunity to testify before this

subcommittee today.

The subject of this hearing. involves issues that are literally of life and death
importance to the patients our industry serves. We welcome this chance to
discuss the plasma-based therapies produced by our member companies and
industry's efforts to ensure quality and safety for the patients who rely upon

those therapies.
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We applaud you and the subcommittee for your work and oversight in the
complex area of maintaining the safety of our nation's blood supply. We view
ourselves as partners in the effort to give the highest possible assurance to the
people who depend upon plasma-based therapies that safety is of paramount

importance to us.

Congressman Shays, we heard you at the November 1995 hearing on the
subject of protecting the nation's’ blood supply when you cited the need for
leadership. As providers of plasrﬁa—based therapies we are, and must continue
to be, leaders in that commitment to safety. it is a responsibility that we take

very seriously.

The purpose of my testimony today is to outline how the industry has responded
to that call by building upon its strong resolve to provide safe and effective

therapies to the patients who depend upon them.

| would like to begin by briefly describing the four main areas of focus we believe
should be included in a comprehensive discussion and review of pool size as it

relates to the manufacture of plasma-based therapies.

First we will discuss the role of pool size as a component in the overall

layers of safety used in the manufacture of plasma-based therapies.
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Second is a series of public policy issues that must be considered in
conjunction with proposals to limit pool size -- issues that cause us to

examine the fragile balance between safety, availability and efficacy.

Third is an industry initiative addressing the pool size issue, which | would
like to outline for the subcommittee. This initiative underscores our
commitment to work with you and the FDA to reduce risks associated with

plasma pool size.

Finally, we want to discuss more broadly the industry's strategic
objectives and voluntary initiatives that demonstrate the industry's

continuous commitment to making plasma-based therapies safer still.

I SEVEN LAYERS OF SAFETY

In a 1993 hearing of this subcommittee, the Food and Drug Administration (FDA)
described five traditional layers of safety for blood products. Certainly we agree
with the validity of those layers, but our industry can and does go beyond the five
basic layers of safety. The uniqueness of fractionation allows for these
additional layers of safety that we believe are fundamental to achieving the level

of safety our patients expect and need.
[Reference Chart A]
Donor Screening
Donor Deferral

Donor Testing
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Inventory Hold

Quality Assurance & Good Manufacturing
Viral Inactivation/Removal
Recali/Notification

Each of these is a layer of defense against both known and unknown agents.
They form a protective safety barrier that is stronger than each of the component
parts. Yet, all of these parts must be strong in order to provide the best
assurance of safety. Therefore, the industry has actively and methodically
undertaken a series of voluntary initiatives to address these opportunities for

defense.

In 1991, industry initiated a program known as the Quality Plasma Program
(QPP) certification under the umbrella of the American Blood Resources
Association (ABRA). QPP has been adopted by nearly 100% of the FDA
licensed plasma collection facilities and has been updated and improved upon
several times. More recently the safety of plasma-based therapies has been
enhanced by a series of four voluntary industry standards adopted by all of the

members of the IPPIA.

Each of the expanded layers play an important role in improving the safety of

plasma-based therapies and can be summarized as follows:
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[Reference Chart B}

1. Donor Screening

Since its inception in 1991, QPP has required that all applicant donors undergo
additional AIDS/high risk education and screening. This includes a variety of
measures ranging from additional educational materials to an assessment of the
applicant donor's comprehension of these risk factors and the need to seif-defer

from donation.

Additionally, QPP requires that facilities add screening criteria intended to
encourage repeat donations by low risk populations in the facility’s local
community. Repeat donations by a qualified donor population enhances

confidence in the safety of these donors.

To further ensure and enhance this point, the first industry voluntary standard
requires that no units of plasma be accepted for further processing unless the
donor has successfully passed at least two health history interviews. This
standard, on top of the previous educational and donor interview procedures,
provides further improvement to the quality of plasma from donors. Further, it
provides the ability to retrospectively assess the acceptability of the initial
donation with subsequent interview results. Finally, this completely eliminates
the use of plasma from one-time donors, who are widely recognized as being at

higher risk of infectivity.
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2. Donor Deferral

All companies and facilities maintain registries of donors who have been
previously deferred for a variety of reasons. Beyond this, ABRA has designed,
developed, and received an FDA 510(k) review and authorization to operate the
National Donor Deferral Registry (NDDR). The NDDR incorporates modern
computer technology to allow all commercial plasma collection facilities to share
donor deferral information on é confidential, inter-company, nationwide basis for

the purpose of checking applicant donors in advance of their donation.

The NDDR provides two substantial benefits: first, it excludes from further
donations any individual who was previously deferred because of positive viral
marker tests; and second, the NDDR limits unnecessary exposure of collection
center and laboratory personnel to known positive units of plasma or test

samples.

3. Donor Testing

In addition to the specific FDA required tests, the industry is in the process of
adopting the Genome Amplification Technology, commonly known as
Polymerase Chain Reaction (PCR). Studies have shown this technology can
further reduce the “window period.” Each of.the manufacturers is working
closely with FDA and other affected parties to either approve or implement PCR

technology as rapidly as possibie.
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The voluntary standard requiring a second donor screening interview also
requires applicant donors to be subjected to two rounds of testing by both

existing FDA required test methodologies, and in time, PCR testing.

4. Inventory Hold

FDA has always required facilities to hold all units of plasma until viral marker
test results are available. The addition of PCR testing will further strengthen the

efficacy of that holding period.

Yet, another substantial improvement to this layer is the addition of a 60 day hold
of plasma inventory announced as a voluntary standard by the IPPIA members.
This volunitary standard will be implemented by year end [Reference Chart C].
This standard provides a guaranteed look-back period so that whenever a
qualified donor seroconverts on a subsequent donation, or new health history
information is discovered, both the present and previous donations are removed

from the manufacturing process.
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5. Quality Assurance & Good Manufacturing

Our quality assurance procedures provide a method to constantly monitor and
improve the safety of plasma-based therapies. For example, QPP sets a
standard to measure each collection center on an industry-wide Iével. That
standard has been tightened twice since its inception in 1981, and is currently
being completely redesigned and enhanced once again. This enhanced

standard will focus on a measurement of the industry-wide viral marker rate.

6. Viral inactivation/Removal

IPPIA members are committed to seek out and use the most advanced
technology available in their viral inactivation and removal processes. Each of
our member companies commits a significant investment of human and financial
resources to this area. In addition to this individual research and development,
the companies have created the Consortium for Plasma Science, which is
providing additional funding for research focused on source plasma pathogen

inactivation technologies.

7._Recall/Notification

In the area of patient notification, the industry is developing better methods to
efficiently and effectively notify patients with important information about our
plasma-based therapies. Specifically, industry is developing a well-publicized

industry web page with detailed information on plasma-based therapies. The
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page will have hyperlinks to other pages with important industry information. In
addition, IPPIA is developing a formal network of user groups designed to
directly contact consumers of our therapies. We are working together with all

interested parties and have received initial favorable responses to our initiative.

As you can see through our series of industry initiatives (QPP, NDDR, voluntary
standards, etc.) industry has proactively developed a comprehensive program
aimed at each of the seven layers of safety. This comprehensive system
provides a web of protection against the known and unknown risks that we face

now and in the future.

i BALANCING SAFETY, AVAILABILITY, & EFFICACY

Just as these additional layers of protection are integral parts of an overall
strategy to maintain and improve the safety of plasma-based therapies, each of
them also is important to a comprehensive discussion of limiting pool size.
Together these components of safety provide a key element of the public policy
considerations that are appropriate to think about in the context of limiting pool

size.

One way to look at those considerations is aS a three-legged platform, wiih the
legs being safety benefits, product availability, and the efficacy of the product. In
order to provide a balanced and stable policy platform, the legs must be of
compatible length and strength. We must balance safety with the importance of

availability and efficacy. Without it, the platform will not perform to its best
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potential, and the needs of the patient community, which must be our first

concermn, will not be met.

The issue of safety is of immense concern to the industry, and our efforts
emphasize the importance of that leg of the policy platform in achieving balance
with the concerns of product availability and efficacy. Regrettably, there is no
simple formula for finding the complex balance point that measures the
increments of safety gained in availability and efficacy of plasma-based

therapies.

In regard to product availability, we have to consider the effect of limiting pool
size on the ability of the industry to provide sufficient quantities of plasma-based
therapies. The accompanying chart [Reference Chart D] illustrates the effect on
the supply of plasma-based therapies of an immediate FDA suggestion to limit
donor exposure to 15,000, Under present conditions, some companies simply
would not be able to continue to manufacture these therapies. The chart shows
the actual consumption fof the four major therapies for the calendar year 1956.
Superimposed on each bar is the percent of each product industry would be able
to produce under this limit. As you can see, the FDA suggestion would seriously
compromise industry's ability to provide an adequate supply of these life-saving

therapies.
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The FDA suggestion would require manufacturers to process plasma in smaller
starting pools in order to decrease donor exposures to this level. However,
certain manufacturing equipment such as freeze dryers, require the same
amount of time in the manufacturing process regardless of the size of the starting
pool. This equipment limits the number of smaller pools that can be processed

by the facility, which, therefore, limits the overall output.

Because of increasing demand for plasma-based therapies, these plants are
already running at full or near-full capacity. In order for industry to be able to
manufacture even the equivalent of the 1996 supply of these therapies under
this limit, drastic changes to the manufacturing process would be required. For
some equipment, such as ultrafiltration devices, the space for each piece of
equipment to run a smaller volume does not decrease. In fact, our investigations
have shown that the physical space, machinery, electricity and water required for
the production of these therapies increases at near geometric rates as batch size

is reduced to these levels.

Existing equipment that might be usable at reduced capacity would also require
re-validation and re-approval from the FDA for use with these smaller volumes.
Significant plant reconstruction to provide the needed space and a lengthy FDA
approval process would require at least three to five years and probably longer.
Furthermore, the number of people to support each of these activities also
increases, causing a greater opportunity for Good Manufacturing Practice (GMP)

erfors.
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The efficacy of the therapies -- how well they perform - is an important element
in our consideration of the impact of pool size. We will have achieved an
unsatisfactory "balance" if we provide a safe product in sufficient quantity that
does not do the job for which it is intended at the level of benefit our patient
groups need and expect from us. That is why the effect of any changes in pool
size on the efficacy and quality characteristics of these therapies must be
aggressively monitored with a constant eye toward ensuring that plasma-based

therapies are effective in treating the patients who depend upon them.

lll.  INDUSTRY INITIATIVE TO REDUCE DONOR EXPOSURE

The industry recognizes the role of donor exposure and pool size in balancing
the needs of product availability, safety and efficacy. We have worked diligently
to develop an intensive industry effort to limit the number of donors to which
patients are exposed when using plasma-based therapies. Those efforts have

evolved and intensified over the past year.

Part of that evolution was the consideration of the basic unit of measure by
which we define pool size. We believe that the most accurate unit of measure is
the total number of donors to which a patient is theoretically exposed when using
a plasma-based therapy. That measurement must also take into account the
use of additives or stabilizers in the manufaduring process that create exposure
to additional donors. As a result, ali of the numbers we cite are measured by

total donor exposure.
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We recently provided data to the Food and Drug Administration for all major
product lines, including Factor VI, Factor IX, Albbumin, and IVIG, which show the
total donor exposure for these therapies. The numbers vary significantly from
manufacturer to manufacturer and from product line to product line. Thatis a
result of the unique characteristics of each plasma-based therapy and the unique

manufacturing processes used by each provider of the particular therapy.

While we remain vigilant to maintain the delicate balance among safety, product
availability and efficacy of these therapies, the industry has performed sufficient
research for us to commit ourseives to reducing donor exposure significantly.
The data we have shows, for example, that donor exposure to some therapies
can exceed 100,000. We are now confident that situation can be improved.
Our IPPIA member companies are committed to developing and implementing
enhanced manufacturing practices for the major therapies (Albumin,
immunogiobulins, Factor Vi, and Factor iX). This will have the immediate

impact of at least a forty percent reduction in such levels of donor exposure.

We believe we can achieve this without creating product shortages, without
maijor plant reconstruction or renovation, and without a lengthy FDA approval
process that could delay implementation of this initiative. This could be

accomplished while maintaining compliance with Good Manufacturing Practices.
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More long term, our members are committed to working with the FDA, product by
product, company by company, to further reduce the risks associated with donor
exposure. Some of those additional initiatives may require amendments to

product licenses, plant construction, or plant renovation.

We cannot guarantee overnight success in these additional endeavors, but we
expect to see progress within a year. The industry will welcome an opportunity
to sit down with the FDA and report to the agency the continued improvements

we are making in reducing the risks associated with donor exposure.

IV.  INDUSTRY COMMITMENT TO SAFETY

What we are pursuing -- and we believe it is completely consistent with your own
strong personal interest in this issue, Mr. Chairman -- is a comprehensive plan
that builds upon the seven layers of safety | mentioned at the beginning of my
testimony. That is our goal, our challenge, and our commitment -- and we will

verify the success of our efforts through accurate measurements.

Mr. Chairman, we did hear you at the prior hearing when you called for the need
for leadership and challenged the industry to deat with the issue of plasma pool
size. We have worked since then to develop an industry initiative and are now

on the brink of its implementation.
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The industry is involved in a series of multi-faceted voluntary initiatives to which
we now pledge to expand our comprehensive plan to further increase the margin
of safety for plasma-based therapies. The seven layers of safety are a
foundation upon which we are building in our on-going commitment to making
plasma-based therapies safer still. The industry is dedicated to continuous
improvement so that the people who depend upon plasma-based therapies for
their health and their very lives will know that those therapies are safe, available,

and effective.

We commend you, Mr. Chairman, for your leadership in provoking dialogue on

this important issue which has resulted in improvements in our nation’s biood

supply.

Thank you and | will be happy to answer your questions.
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Referenced Charts
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Mr. SHAYS. Just since I had raised it, I'm not aware that anyone
has suggested limiting the pool size to 15,000. I mean, this will be
interesting dialog. But it’s not something I'm aware of that is
being:

Mr. REILLY. The 15,000 number is a result of a recommendation
from FDA discussed at an earlier blood products advisory com-
mittee meeting.

Mr. SHAYS. OK. That they would limit it to 15,0007

Mr. REILLY. Yes, sir.

Mr. SHAYS. OK. Do I pronounce your name Fournel?

Mr. FOURNEL. Fournel.

Mr. SHAYS. Thank you. I think I didn’t pronounce properly the
first time. Mr. Fournel, thank you.

Mr. FOURNEL. Mr. Chairman, and members of the subcommittee,
I would like to thank you on behalf of Bayer Corp., for inviting us
to return to these hearings. We commend you for the leadership
you have shown in your continuing efforts to safeguard our Na-
tion’s blood supply. In 1995, Bayer pledged to work with you and
the other members of this subcommittee. Today, we reaffirm this
commitment.

For the past 20 years, I have conducted research and develop-
ment of plasma products that are used to manage serious illnesses
that in many cases respond only to the proteins found in human
plasma.

Mr. Chairman, at Bayer, the development and application of new
technologies to improve safety for patients is at the very core of our
business. Since my last appearance before this committee, Bayer
has continued to move forward. I would like to describe four exam-
ples of these efforts, which, together, have the potential to enhance
the margin of safety for the patients who use our products.

First, Bayer is developing genome amplification technology for
use in detecting viral genomes in individual plasma donations. We
are filing an IND to use a preliminary chain reaction, or PCR, test
for the detection of hepatitis C virus in plasma.

Our initial research shows that PCR will help to reduce the win-
dow period during which infection may be present, but detectable
levels of viral antibodies or antigens have yet to appear. We expect
that full use of PCR testing will reduce potential viral loads, which
in combination with our validated clearance studies will provide an
additional safety margin for our products.

Second, because first-time donors have a higher probability of
viral infection than repeat donors, Bayer has recently placed spe-
cial restrictions on plasma collected from them. We destroy all plas-
ma from such donors if they do not return to make a second dona-
tion. This means that we will accept plasma only from qualified re-
peat donors.

Third, Bayer has established an inventory hold program for all
plasma units. We will store plasma for a minimum of 60 days be-
fore use. Should a donor on a repeat visit center to a plasma center
fail our testing or screening procedures, we will retrieve and de-
stroy all previously qualified units of plasma from that donor in
our inventory. This program will reduce the possibility of a window
case of hepatitis or HIV from contaminated plasma supplies.
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Fourth, the subcommittee has expressed concern about potential
emerging infectious agents, particularly Creutzfeldt-Jakob disease.
Bayer continues to invest its major scientific efforts to address
these challenges. Our CJD work specifically centers on develop-
ment of assays capable of detecting the potential, if any, for trans-
mission of CJD in plasma products, process clearance studies to
identify process methods with the greatest ability to remove patho-
gens that may be present in plasma, and potential transmission
risk studies to define the clearance requirements, if any, for proc-
essing steps.

The subcommittee has also asked Bayer to provide views on reg-
ulating the size of plasma pools, what I will call donor exposure in
a final container product. Bayer agrees with the preceding testi-
mony by the industry association. For most products, Bayer cur-
rently outperforms this commitment and will continue to strive to
reduce donor exposure in all of our products.

As you know, this is a complex issue which I will illustrate with
an example of a product, Prolastin, for people with a genetic defi-
ciency associated with emphysema. Successful therapy requires
weekly injections of Prolastin. Thus the health of these patients de-
pends not only on this product’s safety, but also on its availability.

To assure that Prolastin is available to as many patients as pos-
sible, we now use about 60,000 donor exposures per final container
product. There are several reasons for this. First, a unit of human
plasma contains only a small fraction of the protein missing in
those who use Prolastin. If everyone in this room donated plasma
today, we could provide only a 1-month supply of this treatment for
one patient.

Second, scarce resources require efficient processing. Bayer relies
on the economies of large-scale pool fractionation to obtain as much
product as possible. The FDA has suggested a 15,000 donor expo-
sure limit. Given the constraints of the technology and our current
license for processing Prolastin, we estimate immediate implemen-
tation of this limit would cut our product availability in half. Fur-
ther, making this reduction without breaking the product lifeline
would require custom-built equipment, validation trials, and FDA
approval of all changes in manufacturing processes. We estimate it
would require several years to accomplish these changes. Mean-
while, we expect that our current efforts to improve yields from
plasma, if successful, will achieve similar reductions in donor expo-
sure without limiting supply.

To fully demonstrate the science and vigilance behind our plasma
products, I would like to invite the subcommittee members and
staff to tour Bayer’s facilities and fractionation plant near Raleigh,
NC.

We believe, Mr. Chairman, that a rational approach toward im-
proving product safety, which integrates both effective material
management to reduce donor exposure and measures like those I've
outlined today, affords the best opportunity to achieve our common
goal of reducing safety risk to the patients who depend upon these
life-saving therapies.

Thank you.

Mr. SHAYS. Thank you very much.

[The prepared statement of Mr. Fournel follows:]
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Full Statement of Michael Fournel
Bayer Corporation to the
Subcommittee on Human Resources
July 31, 1997

INTRODUCTION

Mr. Chairman and members of the Subcornmittee, I would like to thank you on behalf of
Bayer Corporation for inviting us to return to these hearings and address you again. We

commend you for the leadership you have shown in your continuing efforts to safeguard
our nation's blood supply and the resulting plasma products.

We share your mission and recognize that this process works in the public interest. All of
us are potential beneficiaries of the life saving therapies that are the subject of this
congressional panel's inquiry. In 1995, Bayer made a commitment to work with you and
the other members of this Subcommittee. Today, we reaffirm this commitment.

OVERVIEW OF BAYER

My name is Michael Fournel. I am Vice President of Research and Technology for
Biological Products in the Pharmaceutical Division of Bayer Corporation, where I have
conducted research and development efforts on plasma products for more than 20 years.
During this time, I have been responsible for the pre-clinical development of a series of
Bayer products derived from plasma fractionation and biotechnology.

1 will begin by describing briefly my company and its role in this field. Bayerisa
research-based company with major businesses in life science, chemical and imaging
technologies. Plasma and biotechnology derived products comprise Bayer's biologicals
business. These include Gamimmune N® for treatment of immunocompromised
patients, Prolastin® for treatment of alpha, deficiency or genetic emphysema, and
Kogenate® for the treatment of hemophilia A. This business is part of Bayer
Pharmaceuticals, a division of Bayer Corporation. Bayer Corporation, with headquarters
in Pittsburgh, is 2 wholly owned subsidiary of Bayer AG, based in Leverkusen, Germany.

Ever since Bayer developed Aspirin a century ago, our commitment to research has been
a part of our identity as a pharmaceutical company. We also are guided in our work by
our focus on products that contribute to the well-being of the peoples in our society:
curing and preventing disease and enhancing the quality of life. Equally important,
however, has been our ongoing commitment to ensuring the quality of our products: for
our biologicals business, this includes developing and applying new technologies and
methods which are intended to continuaily improve the safety of plasma products.
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FOUR AREAS OF PROGRESS SINCE 1995 HEARINGS

Since our appearance before this subcommittee in 1995 Bayer has undertaken many
initiatives intended to meet our common goals of improved donor and patient safety,
some of which were begun before that appearance. Today, I would like to outline four
specific examples of new initiatives we have implemented since my last appearance and
detail the impact of these i tal impro ts on the overall product quality and
safety of Bayer’s biological and biotechnology products.

1. First Time (“Applicant”) Donors

1t has been recognized that first time or applicant donors have a higher probability of
presenting with a viral infection than repeat donors; for example, individuals may present
for plasmapheresis solely to obtain a free test result to ascertain their health status. In
1995, this Subcommittee heard testimony that the majority of plasma donations that test
positive for HIV or Hepatitis B or C (using currently approved surrogate tests) come from
first time donors. In recognition of this phenomenon, Bayer recently placed special
restrictions on plasma collected from first time donors (individuals who wish to become
donors and have not applied during the previous six months). Even if the first time donor
meets all health standards and the plasma collected passes all tests, we now require a
repeat donation from the individual and only upon successful passage of repeat health
check and plasma testing will this individual’s plasma be used for the manufacture of our
products. As a precaution, we destroy all plasma from first time donors who do not
return to make a second donation within the six month time-frame.

‘While this program will result in a significant loss of plasma (which was previously
collected for use in our processes) with the associated costs, the anticipated incremental
improvement in safety warrants this change for the benefit of the recipients of our
products. .

2. Inventory Hold

The current state of the art for identifying viral infectivity in plasma is the use of FDA
approved tests which measure either a protein fragment of the specific virus (HBsAg or
HIV-1 antigen) or the host’s response to a viral infection (anti-HCV or anti-HIV
antibody, elevated liver enzymes). While quite reliable as indicators of infection, these
tests are surrogates for the detection of actual virus. In most cases, they become positive
some time after an active infection occurs. Since infectivity of plasma due to viremia can
occur prior to development of a positive surrogate test, a “window” of infectivity can
exist in plasma collected sequentially from a donor who develops such an infection. This
“window” period varies with different viruses but in general can be as long as 50 days.
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In response to this reality, Bayer has instituted inventory controls which results in the
holding of plasma donations for at least 60 days before release to pooling and subsequent
fractionation into our products. Should a donor, during a repeat visit to a plasma center,
show evidence of infection using the current FDA approved tests (or present or report
other unacceptable characteristics), we will retrieve and destroy all units of plasma in our
inventory from this donor. This innovative program has the potential to reduce the risk of
manufacturing products from donors in a seroconversion window for Hepatitis or HIV
and delivers yet another integrated layer of safeguards to our overall product quality and
safety profile. While there are considerable financial costs and overall reduced product
availability as a result of this initiative, we believe increasing inventory hold greatly
contributes to a reliably safe and consistent plasma supply.

3 PCR Testing

While present methods for the detection of viral infection have significantly reduced the
oceurrence of infectivity in blood and plasma products, shortcomings of existing tests
such as those mentioned above fuel the drive for new and better methods. Additionally,
new detection technologies are emerging that will form the platform for the next
generation of donor screening tests. Gene amplification methods such as the polymerase
chain reaction (PCR) offer the promise of high specificity, sensitivity and early detection
of infectivity in plasma, effectively narrowing the viremic window period. Bayer is
committed to the introduction of such testing as soon as possible.

The PCR test uses gene amplification technology to detect the presence of nucleic acid
from individual infectious agents. Bayer's investigations into PCR are focusing on the
ability of this advanced screening technology to identify individual positive units that
could potentially enter the plasma pool. We anticipate these investigations with PCR may
help to reduce the “window” period during which infection may be present but detectable
levels of viral antigens or antibodies have yet to appear. We hope that full use of PCR
testing may reduce viral loads to less than 1000 genome copies per milliliter (that is, the
detection limit of the test); in the case of HCV, combined with our validated process viral
clearance capabilities, we then would predict a multi-million fold safety margin from
Hepatitis C infection in products produced from HCV PCR negative plasma donors.

To expedite implementation of this testing, Bayer has made substantial resource and
capital investments including the construction and staffing of a state-of-the-art testing
facility in Raleigh, North Carolina. We are filing an IND for utilization of this
technology to test for HCV on individual plasma samples and hope for full
implementation on all of our plasma collected by year end, and implementation of testing
for HIV in 1998. Bayer’s ultimate goal is to continuously expand the portfolio of
pathogens detected by PCR technology to include all currently tested pathogens.
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4. CID Research

The Subcommittee has expressed concern about potential emerging infectious agents,
exemplified by Creutzfeldt-Jakob Disease. Unlike conventional pathogens, such as
viruses, there are many unanswered questions in the science and technology for studying
CJD or other transmissible spongiform encephalopathies (TSE). The agent(s) responsible
for the transmission of TSE diseases have not been completely identified, nor are well-
characterized reagents available to conduct assays for the protein marker of the disease,
PrP*ES, Moreover, no in vitro assays are available (current animal assays require nearly a
year to generate results), nor are there any early detection markers available for
identification of TSE diseases in asymptomatic individuals.

In response to this status, Bayer has initiated a major scientific effort to address this
challenge. This work centers on three elements:

1. Improved Assay Development. Our goal is to find assays capable of detecting the
potential for transmission of CJD, as well as the causal agent involved in TSE
diseases. Current prion assays depend on detection of pathology developed in the
brains of inoculated animals. As such, each assay can take over nine months to
generate results. Development of new or improved ir vitro assays for protease-
resistant prion protein (PrP™®5) will permit identification and quantification of this
protein in samples. The goal is to find a potential surrogate for infectivity assays, as
well as an early marker of TSE diseases in asymptomatic individuals. Successful
assay development could represent a significant contribution to the scientific field.

2. Process Clearance Studies. The goal is to identify process methods with the greatest
potential to remove pathogens that may be present in plasma. In these experiments,
researchers intentionally contaminate in-process material in an experimental setting
and subject it to various processing steps, then test the post-processing material for
the presence of the contaminant. These studies will use rodent brain homogenate
contaminated with scrapie as a model of CID. They will employ inoculation of
animals with the in-process material before and after the processing step to permit
quantification of the step’s ability to reduce or eliminate the contamination from the
final product.

3. Potential Transmission Risk. Uncertainty exists regarding whether blood or plasma
products may be vectors for transmission of TSE di Although
epidemiological evidence to date does not suggest transmission has occurred
(L. Schonberger, 1997), some animal studies have suggested this possibility. Efforts
to supplement the scientific understanding of the potential that blood and plasma
products have for transmission of TSE di demands carefully designed and
controlled studies. Bayer is conducting and collaboratively supporting ongoing study
of this question. By analogy with viral infectivity, quantifying maximum possible
levels of contamination in blood or plasma pools (should it exist) will define the
clearance requirements for processing steps. These studies will employ both
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infectivity and in vitre assay methodologies (as they become available through the
above research efforts) and are hoped to provide a better understanding of the risks
and safety of plasma products from transmission of TSE diseases.

While completion of this research represents a long-term but high priority commitment to
the scientific study of CID, the company expects interim results from the initial clearance
and transmission studies before the end of 1997 and plans to review them at the
NIH/FDA workshop in September of this year. These findings will not only guide the
direction and scope of subsequent activities, but also may lead 1o a greater scientific
understanding of TSE. Our immediate research goal is to determine:

¢ whether blood or plasma products are vectors for transmission of these types of
diseases :

¢  if reliable quantitative analytical procedures can be developed; and

¢ how treatment processes could remove any infectivity that may evade the company's
pre-process screening systems.

Bayer is making a significant and increasing commitment to this research. We will share
our findings with the scientific community at large in the hope of both advancing our
common knowledge of TSE disease and whether plasma products pose any risks for its
transmission.

A COMMENT ON PLASMA POOL REGULATIONS

Mr. Chairman, the Subcommittee has asked Bayer to provide views on regulating the size
of plasma pools, or what I will call donor exposure in a final container of product (that is,
how many individual denors contribute to the batch which results in a final lot of
product). While it is debatable to what degree reducing donor exposure contributes to the
ultimate safety of plasma products and whether the costs associated with severe
restrictions in donor exposure are justified relative to the benefit obtained (especially in
light of other measures which can contribute far more towards product safety), Bayer
agrees and supports the commitment expressed by the industry association to reduce
donor exposure. Indeed, for most products Bayer’s current practice is significantly lower
than this minimum commitment.

We share the spirit of those seeking to reduce donor exposure where safe and practicable.
We will continue to strive to reduce exposure in all of our products. However, reducing
donor exposure to help the patients who depend on plasma products is a highly complex
question. [ will illustrate this point with the example of a product Bayer makes for people
with a disorder known as alpha, antitrypsin deficiency, or A;AD, although this example
is applicable to a number of protein products.
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Alpha, antitrypsin (AAT) is a protein produced in the liver that protects the lungs from
excessive action of a natural enzyme called neutrophil elastase. A lack of adequate AAT
is associated with pulmonary destruction and severe emphysema in adults. The FDA
approved Prolastin® (the Bayer tradename for AAT) as a replacement therapy for this
hereditary disease in 1987, developed with the support of the Orphan Drug Act.

Patients undergoing this therapy must receive Prolastin® intravenously on a regular
(weekly) basis throughout their lives in order to maintain normal circulating levels of this
protein. Thus the health of A|AD patients depends not only on this product's safety but
also on its availability. Access to Prolastin® has been a problem: at present, Bayer (the
sole producer) cannot meet the needs of all A|AD patients. To assure that Prolastin® is
available to as many patients as possible, we now require about 60,000 donor exposures
per final lot of product. There are several reasons for this:

First, a unit of human plasma contains only a small fraction of AAT. An average
plasmapheresis donation, three-fourths of a liter of plasma, provides about one-
fourth of a vial of AAT. Each patient requires about four vials per week.
Assuming there are about 75 people in this bearing room, if we all donated plasma
today, we could provide only a one month supply of this treatment for one patient.

Second, scarce resources dictate efficient processing. Bayer relies on economies
of scale gained through large pool fractionation to efficiently obtain as much
product from source plasma as possible. In the manufacture of plasma products,
the combination of specific intermediate fractions from different pools of plasma
is necessary to achieve a sufficient quantity to enable efficient, cost effective
processing. This is important for products like Prolastin® which are only present
in very small quantities in plasma.

Currently, the freeze-drying equipment used in the final processing of Prolastin® limits
our ability to reduce donor exposure: filling the capacity of these units (which normally
run 24 hours a day, 7 days a week) permits the maximum amount of product to be made,
but can result in a batch size of up to 60,000 donor exposures per final container lot. We
could reduce the batch size by only partially filling the freeze-dryer; however, this would
directly translate to reduced product availability since we have no idle freeze-dryer
capacity at this time. We estimate that by immediately imposing a 15,000 donor exposure
limit, we would reduce our ability to provide this life-giving drug by as much as 50%, as
well as impacting supply of other products which utilize the same freeze dryers (e.g.,
AHF).
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With additional freeze-dryers, we can reduce donor exposure to about 15,000 donors per
lot without cutting the product lifeline to A;AD patients. However, plasma fractionation
requires custom-built equipment, as well as validation and FDA approval of all changes
in manufacturing procedures, a process our past experience predicts could take several
years to accomplish. Meanwhile, we are working aggressively to improve our
manufacturing processes so that more product can be obtained from a unit of plasma.
Investing in improved processing technologies that result in improved yields has the same
end result as adding redundant equipment. By increasing the amount of final product
made from a unit of plasma we effectively limit the donor exposure per product lot under
the scenario described above.

From this example we wish to illustrate how reducing donor exposure needs to be
considered in light of life-saving product availability, time and resources required to
attain significant reductions and alternatives which have the potential of achieving similar
ends. As one considers even more substantial reductions in donor exposure (for example,
to 5,000 donors per lot) this equation becomes all the more complex. Multipte processing
steps would be impacted, requiring in many cases construction of new facilities and the
development of new technologies to accommodate the changes in scale and efficiency. It
should be clear from the above example that this would be an expensive, complex and
substantial undertaking for many products with time lines that stretch well into the 21"
century.

We believe that a rational approach towards improving plasma product safety which
integrates both effective material management to reduce donor exposure and the
introduction of new process technologies affords the most reasonable opportunity to
achieve our common goal of reducing safety risks to the patients who depend upon these
life-saving therapies.

A COMMENT ON PRODUCT RECALL EFFICIENCY

Mr. Chairman, the Subcommittee has asked us to provide views on product recall
efficiency. Bayer has contributed to and supports the proposal presented by industry
representatives at the March 13, 1997 Blood Products Advisory Committee meeting. We
believe that the industry’s proposal to establish a well-publicized Internet web-page for
communication of these matters is a quickly achievable first step and support its
development. While endorsing this proposal for its practical approach in using existing
systems to accomplish a responsible notification to patients, we also wish to remain in
active dialogue with patient organizations, physicians, the FDA and the Subcommittee on
this matter.
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By example, in the years 1996-7, Bayer has had 9 withdrawals or recalls of plasma
products; of these, 7 have been due to the post-manufacture discovery that one or more
donors were identified as being at risk for infection with CJD. As a leading supplier of
plasma-based products, Bayer recognizes there will always be some risk that a pathogen
may evade even the most rigorous supply screening system. Bayer must be alert and
respond quickly to issues of plasma safety, based on the unique circumstances of each
situation.

A COMMENT ON SALINE DILUTION OF PLASMA SAMPLES

Mr. Chairman, your staff asked for comments on preventing testing errors caused by
saline dilution of plasma samples. Bayer obtains plasma through a network of more than
130 plasma collection centers in the United States. Some plasma centers are owned and
operated by Bayer, others are contract centers. Each center is licensed and inspected by
the US Food and Drug Administration, and also regulated by state authorities. In 1989,
Bayer converted all of its centers to Haemonetics PCS autopheresis machines and a no-
saline protocol. Saline is used only when a donor requires it, which occurs very
infrequently. Recently, two Bayer centers converted to redesigned Baxter Autopheresis-
C (version 2.9a) devices, squipment that makes it nearly impossible to dilute a sample
with saline. This newer version of Baxter equipment is also used at five of Bayer's
contract plasma centers. The remaining contract centers use Haemonetics PCS devices.
Thus, Bayer is using equipment designed to prevent saline dilution throughout its plasma
collection operations.

A COMMENT ON THE CALIFORNIA DEPARTMENT OF HEALTH SERVICES
REPORT ON HIV ANTIBODY PREVALENCE RATES

Mr. Chairman, your staff asked us to comment on the report issued in December of 1996
from the California Department of Health Services which reported on the incidence of
positive HIV antibody tests from donations of blood or plasma at either blood banks or
plasmapheresis centers.

This is a very complex matter since the precise definitions, statistical methodology and
reporting requirements are essential to understand to assure comparisons are accurate: for
example, are self-exclusion criteria considered before or after the donor is included in the
study? Are repeat donors only considered, particularly in light of the industry-wide
initiative to implement an “applicant donor” program? Are the statistical samples
accurately matched for variables (geography and socio-economics characteristics, etc.)
that can influence endemic viral infection rates?

We believe a fair and scientifically sound discussion of viral marker rates is required to
interpret the significance of this or any such comparative study and would prefer to defer
comment until after this has occurred.
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CONCLUSION

Bayer takes to heart its commitment to be a good corporate citizen. I reiterate the pride
Bayer takes in its commitment to research excellence, its conscientious approach to
producing quality products, and the openness it takes in addressing the challenges as a
supplier of life-saving and life-enhancing biological products. As you have seen in this
testimony, since the last time I have addressed this subcommittee, Bayer has undertaken
numerous initiatives to potentially improve the safety of our plasma products, and has
numerous activities afoot.

We believe there are four important areas in which we can, and do, contribute to safety
and continued improvements in patient care:

First, screening of plasma donors, inventory hold and testing of plasma prior to
manufacturing.

Second, continuing improvements in manufacturing processes and viral
inactivation and clearance technologies.

Third, swift and responsible action in the event a potential pathogen is discovered.
Fourth, research and development into new treatments.

In consideration of seeking the most results-oriented means to improve plasma product
safety measures, Bayer would encourage that a comprehensive orientation be taken in
addressing individual approaches affecting safety outcomes. As stated previously, Bayer
is committed to reducing donor exposure, but only as part of a more thorough approach to
addressing safety improvement. That approach should include not only effective
materials management, but also donor selection initiatives, inventory hold measures, PCR
and other infectivity measures, as well as rigorous research programs into new areas of
concern, such as CJD. We hope that this approach and understanding will be shared by
this committee, the FDA, patient groups and all who are concemed with the well-being of
the patients whose lives depend upon plasma products.

To see first hand how Bayer is applying a balance of measures in the service of plasma
safety, I invite the Subcommittee members and staff to tour Bayer's fractionation facility
near Raleigh, North Carolina.

Thank you again for the opportunity to speak today. I would be pleased to respond to any
questions you or the committee may have.
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Mr. SHAYS. Dr. Gomperts. Am I saying your name correctly?

Mr. GOMPERTS. Yes, you have.

Mr. SHAYS. Thank you, sir.

Doctor.

Dr. GOMPERTS. Mr. Chairman, members of the committee, I'm
Dr. Edward Gomperts. I am the medical director of the Hyland Di-
vision of Baxter Healthcare Corp. In addition, I'm on staff in the
Division of Hematology Oncology at the Children’s Hospital of Los
Angeles.

Baxter firmly believes that the task of ensuring that our patients
have access to the highest quality therapies requires that the en-
tire system of producing these therapies be subject to continuous
improvement and critical examination. No one aspect of the process
alone can ensure safety. That is why Baxter supports research and
development focused on new processes for viral inactivation, and
replacing donated proteins with synthesized proteins, and on devel-
oping cures for inherited conditions.

In particular, through our Aegis project, Baxter has recruited a
panel of world-class scientists to work with our staff to scout out
emerging pathogens and devise strategies to prevent introduction
of such pathogens into our products.

In today’s discussion, I would like to focus my comments on three
areas: safety, pool size, and Creutzfeldt-Jakob disease. Let me
begin by saying that plasma derived therapeutics are safe. How-
ever, speaking as a physician, the reality is no useful medicine is
without risk.

We at Baxter focus on patient welfare and strive to achieve max-
imum safety and efficacy for our products. We have a comprehen-
sive safety and quality assurance program, which is detailed in my
written testimony. We try, we learn, but, at times, we make mis-
takes. When we err, our staff, FDA, our competitors and this com-
mittee and outside critics keep our attention on the target of pa-
tient welfare.

Before changing our well-established processes, however, we
must guard against making choices for the wrong reasons. Science,
reason, and patient welfare should dictate what we do, not political
pressure, not media scrutiny, not a desire for profit.

Baxter has been asked to re-examine its production processes
and determine whether the number of donors per pool has a rela-
tionship to safety. This is a very complex issue. Baxter agrees to
take steps as outlined in my written testimony to decrease the total
number of donors who contribute to the finished product. We be-
lieve, however, that pool size reduction is not a panacea. Moreover,
there is a compelling need for these therapies.

Currently, our facilities are operating 7 days a week, 24 hours
per day, and there is still unmet demand for certain products. Even
under the most favorable conditions, additional manufacturing fa-
cilities take upwards of 3 to 5 years before they are permitted to
make a meaningful contribution to overall supply.

An international crisis resulting in conflict or a major disaster
could result in demand exceeding the current supply. Therefore, we
want to caution against ill-advised decisions on manufacturing
techniques which could skew product supply and alter safety and
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efficacy needed by one group of patients to the detriment of another
set.

In reducing pool size, we anticipate working closely with the
FDA to develop and implement a strategy that would allow us to
appropriately implement practical pool size limitations which will
not undermine the important objective of ensuring access to an
adequate supply of plasma-based therapies.

Now, let me turn to the issue of CJD. Extensive worldwide anal-
ysis of the transmission of sporadic CJD and its variant continues
to point toward food contamination, and the ingestion of contami-
nated material is the key medium of transmission for a yet-to-be-
identified infectious agent. In contrast, epidemiologic studies, ongo-
ing and completed, have not today identified a blood mediated
transmission mechanism. Unfortunately, I fear that the theoretical
risk of blood transmission is receiving more attention in this coun-
try than the documented potential for food contamination.

An understanding of the potential risk of blood transmission will
require completed, analyzed, peer-reviewed data for multiple care-
fully conducted and appropriately controlled animal studies.
Through our Aegis project, my own company is advanced in the de-
sign of a research study to be carried out on primates as well as
mice. Yet, in these studies, time is a serious problem. From devel-
opment of a scientifically valid research plan to final results takes
years.

In summary, I would like to affirm that Baxter utilizes the best
scientific research and newest technologies to develop and improve
our therapies and products for saving and enhancing patients’ lives
worldwide. We follow a policy of critical examination of our proc-
esses and continuous improvement. We remain committed to an
open dialog with patients, treaters, the FDA, and Congress on our
responses to scientific and medical changes. Thank you.

Mr. SHAYS. Thank you, Dr. Gomperts. I appreciate both your tes-
timony and the previous testimony being within the 5-minute limit.
Thank you very much. It’s very helpful testimony.

[The prepared statement of Dr. Gomperts follows:]
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Summary

Good Morning. My name is Dr. Edward Gomperts. [ am the Medical Director
and Vice President of Medical Affairs and Clinical Development of the Hyland
Division of Baxter Healthcare Corporation. In addition, I am on staff in the
Division of Hematology Oncology of the Children's Hospital of Los Angeles.

In my testimony today, I want to leave you with four overall points:

o Baxter is committed to producing adequate supplies of the safest, highest
quality plasma therapies in the world. Our therapies include coagulation
concentrates used to treat bleeding episodes suffered by individuals with
hemophilia; intravenous gamma globulin needed by persons, such as
cancer patients with immune deficiency; and albumin which is
administered to burn and trauma victims in hospitals all across the
country.

o ‘We carry out an extensive program of safety and quality management in
all aspects of plasma gathering, processing, manufacturing, and post-
marketing surveillance to ensure that our products meet our high standards
of quality and excellence.

o ‘While we believe that this program already assures quality, we are now
instituting a series of steps that will further limit possible risks associated
with large pools of plasma, and we will do so in a way that does not
dramatically reduce the supply of life-saving products.

o Finally, we wish to add a caution: Restricting pool size is not a panacea.
Limiting the number of donors may have untoward effects that we cannot
now identify. In addition, restrictions in one phase of the complex process
of developing plasma-based therapies might have harmful, though
unintended, consequences in other areas.

Our goal, Mr. Chairman, is to protect consumers and to provide them with quality
products in which they can have total confidence. Baxter's current products meet
that standard. But we are also committed to doing whatever we can to advance
the frontiers of quality in all aspects of our research, product development,
manufacturing, and operations.
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Background

Before providing the details of those views, let me introduce our company.

Baxter Healthcare Corporation is the principal domestic subsidiary of Baxter
International Inc. Through its subsidiaries, Baxter is the leading manufacturer and
marketer of health care services and products -- including those derived from
human plasma -- benefiting individuals in nearly 100 countries worldwide. It
focuses its research and development programs on biotechnology, cardiovascular
medicine, renal therapy, and transfusion medicine.

Recently, Immuno International became part of the Baxter family of companies,
and the combination of the two organizations will continue the long record of
scientific and medical leadership that each has compiled.

I am pleased to have the opportunity to provide the Subcommittee with an update
of the progress that our industry generally -- and our newly combined companies
specifically -- have made in providing patients in this country and around the
world with an adequate supply of technologically innovative, effective, and
therapeutic proteins.

Baxter Focuses on System-Wide Quality

Let me begin by saying that plasma derived therapeutics are safe. However,
speaking as a physician, the reality is that no useful medicine is without risk. The
only way to guarantee 100 percent safety of blood or its components is not to use
them.

We at Baxter strive to achieve maximum safety and efficacy for our products, and
we focus on patient welfare. We try, we learn, but at times we make mistakes.
The FDA, our competitors, this Subcommittee, and outside critics help keep our
eyes on the target of patient welfare. Before changing well-established processes,
however, we must guard against making choices for the wrong reasons. Science,
reason, and patient welfare should dictate what we do, not political pressure, not
media scrutiny, and not a desire for profit.

Baxter firmly believes that ensuring patient access to the highest quality plasma
protein therapies requires that the entire system of producing these therapies be
subject to continuous improvement, as well as to careful and constant
examination. We believe this will let us be absolutely certain we are doing the
most that human knowledge allows to ensure both safety and quality.
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For that reason, Baxter carries out a comprehensive quality and safety initiative

(which I will highlight later in my testimony) in all phases of plasma gathering

and product development -- including selection of the donor, processing of the

plasma, inactivation of enveloped viruses, and post-marketing surveillance of the
. therapies we produce.

In real-world terms, that means our products are safe -- as safe as any medicine
can be -- and that consumers can use them with confidence.

But we are also committed to finding even better answers for the future. For that
reason, our quality program also includes development of entirely new
technologies. Baxter is currently participating in research and development of
technologies designed to provide further steps to inactivate viruses even before
plasma is pooled, replace donated proteins with synthesized proteins, and provide
genetic solutions to inherited conditions.

All of these efforts, together, reflect our view that true quality emerges not from a
single factor, but from a comprehensive program that focuses on improvements in
all areas. We believe this is a key point to keep in mind as the Subcommittee
considers the question of pool size and its relationship to quality and safety.

Baxter Takes Steps to Reduce Donor Pools

On that issue, Mr, Chairman, let me say that we understand the concerns
expressed by this Subcommittee and by the FDA about the size of plasma pools
used to develop plasma derivative therapies. We take these concerns very
seriously and appreciate the opportunity to discuss them with you today.

Baxter has re-examined its production processes and continues to debate whether
the number of donors per pool has a significant relationship to safety. Frankly,
we see no evidence to indicate that there is a safety issue linked to pool size, but
we have no clear answer. Nevertheless, as a result of inquiries from the
Subcommittee and the FDA and because the optimal number of donors in a pool
remains an open question, we are taking a number of steps to reduce the size of
the donor pools we use.

These are steps that can be implemented in short order, without lengthy review by
FDA or massive redesign of our manufacturing process and facilities. Justas
importantly, these are steps that will also allow the production of an adequate
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supply of the full range of therapeutics without threatening their potency or
stability.

The steps we will implement include the following:

0

Baxter will no longer re-pool -- or combine -~ small quantities of plasma
material from different production runs. We have done this in the past to
conserve and ensure maximum utilization of these life-saving therapeutic
proteins.

We will substantially reduce repooling of small quantities of plasma
material from various production runs that had been rejected because of
problems with their packaging. Note that these materials were not rejected
because of concerns over safety, but because of such things as misaligned
labels. Nevertheless, this change is useful in that it will allow us to
maintain the identity of the plasma pool and track donors more easily.

We will revamp our production procedures to draw the active protein fora
specific therapy and the albumin we use to stabilize that protein from the
very same plasma pool. Our target is to do this in at least 85 percent of the
production. This will, in effect, reduce the number of donors in the pool
for these products.

We will adjust our inventory and process control procedures to set an
upper limit on pool size -- as measured by the number of individuals
donating units to the pool. This will be done on a per-product basis and
will maintain the identity of the pool through all stages of production.
{This step is consistent with the proposed industry standard set forth by the
International Plasma Products Industry Association.) We will ensure that
no final product exceeds the donor exposure cap and many final products
will fall significantly below.

This initial target will result in an immediate reduction in potential donor
pool size on the order of 40 percent for some products. The remainder of
our products already fall at or below those levels. In addition, we will
periodically evaluate and reduce these levels as manufacturing technology,
clinical safety data, and regulatory considerations permit.
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Cautions About Inappropriate Reductions in Pool Size

After having summarized these actions, Mr. Chairman, I believe it is also
important to add a couple of caveats with regard to limiting pool size.

First, we must be cautious about making radical changes. Our current
manufacturing process was designed, validated, and licensed only after FDA
reviewed our technical, scientific, and clinical data to be certain that the resulting
therapies would be safe and effective. We were not permitted to distribute
therapies from these facilities until we were able to generate data that convinced
FDA that the resulting products met the standards of our license. ‘

We do not now have the data on how radical changes in processing procedures
might affect the safety or efficacy. Major changes in the process -- without FDA
review and approval and without the supporting clinical data -- are not permitted,
nor should they be. Because we are dealing in rare and fragile protein molecuies -
- which under certain circumstances can be rendered harmful to the patient - we
must avoid introducing unresearched and untested processing techniques.

Another caution to keep in mind as Congress contemplates limits on pool size is
that there is a compelling human need for these therapies. Currently, Baxter
facilities are operating seven days a week, 24 hours per day, and there is still
unmet demand for some of our products. An international conflict that results in
substantial Joss of life or a major disaster could exhaust the current supply. Even
under the most favorable conditions, building and licensing additional
manufacturing facilities take upwards of three to five years before such facilities
are capable of making, and are licensed to make, a meaningful contribution to the

supply.

The point I am making is this: We must be certain that any efforts to limit pool
size do not, inadvertently, increase danger for patients because they yield too little
material to manufacture these life-saving therapies. Nor do we want decisions on
manufacturing techniques to skew the product supply, safety, or efficacy needed
by one group of patients to the detriment of another group. For these reasons, we
look forward to working with the FDA to develop and implement a strategy that
will allow us to continue to maintain practical pool size limits that will not
undermine the equally important goals of ensuring access to an adequate supply of
such therapies.
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In this same context, Mr. Chairman, I believe a word must be said about the
complexity of the process used to develop blood-based therapies and how that
complexity factors into the questions of pool size and possible limits on pool size.
In addressing this point, I would like to provide just a bit of background about
how the process of developing these therapies works.

As you may know, the basic materials used to develop these therapies are found in
blood -- more specifically, in blood plasma. Once blood has been collected and
the plasma has been separated, step-by-step we add progressively increasing
concentrations of alcohol to the plasma to separate out the individual proteins -- or
Jfractions -- of the plasma, such as albumin, gamma globulin, and clotting factor
concentrates. This process is known as fractionation. We then use these proteins
in producing our therapeutics.

Fractionation is a delicate and complex process. Proteins are separated in a
specific sequence by varying such factors as temperature, acidity, speed of the
centrifuge, and so on.

This is generally how the process works. The plasma material is mixed in a tank
and is then processed through the centrifuges at a specific temperature, alcohol
concentration, speed, and pH so that a specific protein can be collected. The
remaining material is then reprocessed by adjusting the characteristics of the
solution and centrifuged again to separate out a different protein. As minute
changes of this type are made, each of the targeted plasma protein fractions is
collected for final processing to constitute the licensed therapeutic.

The challenge for the fractionators -- those who perform this process -- is to
separate the therapeutic proteins from the rest of the material, without altering the
protein's beneficial properties, while concentrating them so that they can be
administered to patients. But this is no easy task. These proteins are fragile and
are often similar in structure to the substances from which they must be separated.
Further, a slight variation one way or the other in a myriad of factors can result in
a failed lot, a significant decrease in yield, and the loss of a significant amount of
precious human blood components. Even worse is the potential to render a
therapeutic protein ineffective or even harmful to the patient who receives it.

The point, simply, is that this process of fractionating plasma to obtain these
important proteins is highly complex, comprised of many interlinked and
interconnected steps. This process is unique to my company and the facilities in
which it is performed, and this is true of the other fractionators as well. Major
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changes cannot be readily introduced in one step of the process, either upstream or
downstream, without possibly affecting -- potentially adversely - other areas.
Even changes to enhance perceived safety in gathering one particular protein may
reduce or eliminate another therapeutic protein -- thus harming other groups of
patients. -

Therefore, I return to the point I made a moment ago. Wholesale or dramatic
changes that are imposed on this process -- including improperly designed limits
on pool size -- can often boomerang, creating even deeper problems. We urge
that all potential changes considered by this Subcommittee or FDA are given
detailed clinical review so that we fully understand their impact before they are
introduced.

Other Factors Besides Pool Size Are Critical in Safety

As Congress and FDA contemplate the question of pool size, we also ask you to
take into account another important point: That is, safety and quality in blood-
based therapies do not depend on the size of the donor pool, with the exception of
the intravenous immuno-globulin product where larger pool size is needed. As
we have indicated, this may be a factor. But a number of other elements in the
gathering, processing, manufacturing, and production of such therapies and the
materials used to make them provide the current substantial margin of safety.

1 am pleased to report that Baxter carries out a comprehensive program to ensure
quality in virtually every stage of this process. These include the following:

[ QPP qualification of plasma centers. These are operating standards
voluntarily adopted by plasma center licensees that are over and above the
requirements of the FDA.

o Rigorous screening of all donors, including direct questioning and
confidential exclusion of units from donors whose backgrounds may be of
concern or in doubt.

0 Testing all source material for Hepatitis B, Hepatitis C, and ALT and
excluding any potentially harmful plasma from the starting pool and
destroying those units. (ALT is a liver enzyme test that is a general
indicator of liver function.)
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o HIV screening (ELISA) of every unit of plasma we receive, as well as
excluding potentially harmful units from the starting pools and destroying
them. This has occurred since 1985, including use of second and third
generation HIV tests and combinations of tests.

o Special procedures -- called Lookback procedures -- to exclude from the
starting plasma pool any units from donors who have subsequently tested
positive on one of our screening tests.

[+] Comprehensive procedures to inactivate and remove viruses from the
plasma. Baxter's Hyland Division introduced the first licensed, viral
inactivated factor concentrate in 1983. This featured a heat method of
virus inactivation. Subsequent refinements and additional technologies
include monoclonal antibody affinity purification procedures, as well as
other viral inactivation procedures, including solvent detergent treatment
and vapor heating,

4] Experiments being conducted to validate careful PCR screening of plasma
pools to be processed and PCR testing of all batches of our therapies
before they are released. PCR is a test that identifies certain sequences in
the nucleic acids of specific viruses, rather than identifying antibodies that
the human body prepares to battle the viruses. (Such antibodies are an
indirect indicator of viral presences.)

In addition to these initiatives underway at Baxter, Mr. Chairman, I also want to
outline the extensive quality system that has been in place at Immuno. This
program has included placement of plasma centers in areas with low rates of
potential blood-borne viruses, efforts to encourage repeat visits by well-qualified
donors, comprehensive quality control auditing procedures, exclusion of
questionable donors (including one-time donors), and special procedures to hold
units in inventory longer, thus increasing the chances further that any potentially
contaminated units of plasma will be detected and destroyed. On July 1, the
members of International Plasma Products Industry Association (IPPIA) and
American Blood Resources Association (ABRA) adopted a new voluntary
standard which implements key aspects of this program, particularly the one-time
donor exclusion, extended inventory holds, and PCR testing. These procedures
are being adopted as rapidly as possible throughout the Baxter system and the
entire industry.
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The results of these quality-control procedures, when fully implemented, are
dramatic. Data from Community Bio-Resources, Inc. (CBR), an early adopter of
these procedures and now a part of the Baxter family of companies, demonstrate
the improvement in the margin of safety for plasma products. CBR plasma
processed by Immuno showed viral reactive rates (per 100,000 donations) for the
qualified donors for calendar year 1996 to be:

Viral Marker Rate per 100,000 Units
() HV . 0.26
(2) HBV (hepatitis B virus) 0.66
(3) HCV (hepatitis C virus) 1.05

In plain English, that means we found about one unit or less that carried these
viruses in every 100,000 units of blood that were donated. Additional PCR
testing of the last one million donations in the CBR plasma pools confirmed this
low viral reactivity rate.

Keep in mind that this is even before further steps are taken to inactivate and
remove viruses as the fractionation and production processes proceed. When the
effect of these combined efforts are added together, it results in a very wide safety
margin. Baxter and our entire industry are moving rapidly to implement this
program through our systems.

In a nutshell, all of the statistics I've just cited mean that the plasma we use and
the therapies we produce from that plasma are remarkably safe -- as safe as any
medicine of any kind can be. As the Subcommittee contemplates the question of
safety of blood-based therapies, we ask you to keep these results in mind. And we
ask you to recognize, once more, that pool size issues must be considered in the
context of the entire process of safety control, monitoring, and process
management that we employ.

Baxter Views on CJD and Postmarket Surveillance

As part of our overall efforts to maintain quality and safety, post-market
surveillance and recall of possibly unsafe product obviously play a key role. Let
me briefly touch on those topics, before tuming to questions related in particular
to CID.
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Each of the recalls that Baxter has carried out in the past has adhered to current
regulations and has focused on the safety of the end-user, the patient. I believe
our targets have been successfully accomplished, but -~ as in all areas -- we seek
to continually improve the process and are open to all meaningful and practical
modifications or additions. We have been challenged by Dr. Pendergast of FDA
to work together with the representatives of consumer and patient groups, and
these interactions are taking place.

As you know, Mr. Chairman, the topic of recalls certainly relates to CID and
concermns over its possible presence in the blood supply. Because of those
concerns, we have carried out five separate recalls so far this year because a
plasma donor may have previously used autologous dura mater or received
injections of human growth hormone. In each of these, we have sedulously
adhered to the requirements for such recalls at all levels. Nevertheless, this issue
has caused enormous consternation and fear among numerous users and
beneficiaries of albumin, where the possibility of transmission of CJD is too low
to be determined.

Ongoing epidemiologic analysis of sporadic CJD and its variant, both in the U.S.
and Europe, continues to point towards food contamination and the ingestion of
contaminated material as the key medium for transmission of a yet-to-be-
identified infectious agent. In contrast, epidemiologic studies, both ongoing and
completed, have not identified a blood mediated transmission mechanism to date.
Completed, analyzed, peer-reviewed data from carefully conducted and
appropriately controlled animal studies has yet to take place on this issue.

My own company is advanced in the development of a research study to be
carried out on primates as well as mice, but time is a serious problem since it
takes many months to develop a meaningful research plan, months to initiate the
plan properly, and years to obtain the results. However, I fear that the blood-
transmission issue is receiving more attention in this country than the food
contamination problem.

Baxter and Plasma Industry Are Conducting Wide-Ranging Research

One of the clear lessons of the CJD issue, Mr. Chairman, is that we can never be
content with the current state of knowledge of disease or the current capacity for
ensuring high quality and safety. We must continue to seek new techniques and

new strategies for reducing risks, enhancing safety, and improving the quality of
plasma protein therapies.

10
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In effect, we must continue the progress that has occurred in hematology over the
past 50 years. During that time, progress has been marked by utilizing technology
to conserve the life-giving properties of blood and plasma and of administering

. ever more precisely the specific protein that the patient needs. In the 1920's and
30's, blood therapies consisted of whole blood or packed red cell transfusions.
Then researchers discovered the ability to separate plasma from blood cells and,
during World War I, to remove the albumin from the plasma. Still later,
researchers discovered new fractionation techniques that allowed them to separate
other proteins, such as coagulation concentrate and gamma globulin.

This entire process has rested on two very clear and very critical realities: First,
therapeutic proteins come from the blood of ordinary citizens who are willing to
give of themselves to aid their fellow citizens. These proteins are not found in
isolation. Second, the progress we've seen of finding ever more precise proteins
to better-fit the needs of patients relies upon this very complex, very essential
process of fractionation that I described earlier -- as well as on the intensive
research over the years that has increased our knowledge of this technique.

We are committed to the pursuit of continually improved techniques to continue
that march toward safer, better protein therapeutics. All of this takes time and
energy and effort, but those efforts have been worthwhile for they have bormne
clear improvements in safety and quality.

Now, Mr. Chairman, I would like to highlight a number of research areas that we
believe are also critical steps for the future. Each of these initiatives offers the
potential for enhanced safety and quality as they reduce risk.

A major Baxter initiative is Project Aegis. This is a comprehensive effort by
Baxter's research staff and a panel of world class scientists to scout out potential
threats of infections transmissible by biood or plasma, and to develop new
technologies and techniques to detect, identify, and remove units of plasma
possibly containing pathogens before they can enter the production process.

Its goals also include developing new techniques for viral inactivation or removal,
Possible new approaches include nano filtration, a technique to filter out smatl
viruses, and methods to inactivate small, non-enveloped viruses, which are highly
resistant to our current inactivation technology. Various methods of photo-
dynamic binding or destruction of viral and bacterial genomic nucleic acid are
also being tried. '

1
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In addition to this research, Baxter is seeking solutions for tomorrow in a number
of other areas:

]

Consortium for Plasma Science

Baxter has taken a leading position in the formation and operation of the
Consortium for Plasma Science, whose sole purpose is to identify
innovative research on new technology that would inactivate viruses. This
industry-supported collaborative research organization has allocated
substantial seed money — $20 million over five to six years -- to promote
and fund research and development of new technology in the inactivation
of viruses and other pathogens that might affect blood and plasma.
Additional resources will be committed as circumstances wamrant. A
Request For Proposal was published early this year and multiple research
proposals in response have been received by the Consortium. These are
currently under evaluation by the Consortium expert scientific review
committee. Successful technology will be licensed to all member
companies and will be offered to other applicants.

Enhanced PCR Tests

Immuno has taken a leading position in the development of highly
sensitive PCR technology to screen all donated plasma for the major viral
pathogens -- HIV, HCV, HBV, and additional viral markers. New systems
will be introduced as rapidly as possible. Baxter and Immuno researchers
and technical staff are working with the FDA, other fractionators, and the
American National Red Cross to obtain regulatory approval for licensing
this PCR technology to screen plasma for known blood-transmitted viral
agents.

Recombinant DNA Research

In 1992, FDA approved Baxter's Recombinate, the first genetically
engineered synthetic Factor VIII, which is used to treat the most common
form of hemophilia. We are now conducting research on the use of
recombinant DNA technology to synthesize additional plasma proteins -~
thereby reducing the need to rely solely on human plasma for therapies to
treat patients with a variety of inherited conditions.

12
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[ Blood Substitute

Baxter is completing Phase III clinical trails on its virally inactivated,
oxygen-carrying substitute for human hemoglobin. This will provide an
alternative to whole blood or packed red cells in many treatment areas.

o Gene Therapy

Baxter continues its research to find a genetic answer -- and hopefully a
cure -- for inherited diseases such as hemophilia, thereby obviating the
need for continued therapy. This is a potentially revolutionary approach
with enormous potential. It would allow a physician to prescribe a
treatment which -- instead of supplying the missing protein --would supply
the needed gene so the patient's body could provide the needed proteins.

Conclusion

In conclusion, Mr. Chairman, let me reiterate that our company continues to be
committed to making the best, safest, highest quality products. We are constantly
seeking -- and are always open to -- suggestions that will achieve this in the most
effective manner, both today and tomorrow.

But we believe that all efforts to achieve these goals must be realistic, must ensure
an adequate supply of therapies for all patients, must recognize the extraordinarily
complex process of developing blood-based therapies, and must be part of a
comprehensive and long-range program that ensures quality today as it unlocks
the mysteries of disease for tomorrow.

Baxter continues its goal of utilizing the best scientific research and the latest
techniques to achieve quality and safety. We remain committed to a policy of
critical examination of all processes we use, to continuous improvement of these
processes, and to maintaining an open and frank dialogue with patients, doctors,
FDA, and Congress as we respond to-these scientific and medical challenges.

1 thank you for the opportunity to share these views and developments with you.
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Mr. SHAYS. Dr. Feldman.

Mr. FELDMAN. Is this OK?

Mr. SHAYS. I think it will do. Let’s see how it sounds.

Mr. FELDMAN. Mr. Chairman, and members of the subcommittee,
my name is Fred Feldman, and I'm vice president of Preclinical Re-
search and Development for Centeon. I've dedicated my efforts for
more than 20 years to the development of new and improved thera-
peutics from plasma, and I'm happy to contribute to the delibera-
tions of this committee on the topic of pool sizes.

This is without doubt a highly specialized area. I have endeav-
ored at every opportunity to assist several blood product advisory
committees as well as the staff of this committee in understanding
this area and hope that I can be of assistance today as well.

This is not a trivial manufacturing issue, and a decision to con-
strain manufacturing to a substantially reduced total pool volume
celtn have the effect of reducing the total therapeutic product sup-
ply.

Mr. Chairman, in the interest of time, I ask that the full written
testimony which I have provided be included in the record.

Mr. SHAYS. Yours will be, as we will as all the other witnesses.

Mr. FELDMAN. Thank you.

Appendix 1 to my full testimony provides a report describing the
impact of plasma batch sizes, described in liters, on the manufac-
ture of our Factor VIII Concentrate. It was motivated by reported
concerns that to significantly enhance viral safety for chronic users,
a very drastic reduction of process volumes and batch sizes would
be needed, and it explored the impact of large reduction of process
batch volumes.

The report shows that for such a reduction in batch size, that
such a reduction greatly increases the complexity of production and
places a greater burden on GMP and quality assurance, while re-
ducing usable product from existing plants by huge amounts.

It can be seen in the poster of table 9 from this report that
changing from production batches at 15,000 liter equivalents to 500
liter equivalents could decrease product supply over 96 percent.
From the throughput capability of our plant, we could serve the
needs of over 4,500 people per year with hemophilia A. We would
be reduced to being able to serve the needs of only 160.

As an industry, however, our products serve a wide range of the
public. We assessed the impact of batch size on the other products
we manufacture using the Cohn fractionation method. Delibera-
tions on risks and disadvantages of changing manufacturing of
human albumin and human intravenous gammaglobulin are de-
tailed in the second appendix to this report as well as opportunities
for improvement in these processes.

As we have participated in and learned from this dialog, we must
consider not only benefit for the chronic user, but also benefits
which could result to the patient who only occasionally receives our
therapy.

We believe that it is incumbent upon manufacturers of critical
drugs not only to continue to supply product reliably, but to look
for improvement opportunities. Although we believe that substan-
tial changes to process volumes are difficult to achieve, potentially
disruptive of supply, and even in instances frought with risk of re-
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duced safety, we have asked where there are opportunities within
the existing fractionation system, where improvements in control
and donor exposure can be made without creating significant, regu-
latory, or supply disruptions, and where risk reduction benefit
could result at least to that patient infrequently exposed to pooled
plasma derivatives.

We have identified opportunities for Centeon to reduce the total
donor exposure from a given batch and have initiated the nine
point program of improvement shown on the poster. These specific
initiatives can decrease the maximum number of donors in our
processing and reduce the overall variation in the number of do-
nors associated with any given batch of therapeutic. The specific
process-by-process changes as well as the equipment-related oppor-
tunities which may offer other means for improvement will be re-
viewed with FDA to ensure compliance with ¢cGMP and control of
quality assurance before changes are initiated.

We would hope that the committee recognizes that such change,
such validation, takes not only resources, but takes time, and that
even seemingly trivial changes in production equipment require us
to develop assurance that our processes remain in total control,
that our changes do not impact the stability of our therapies, nor
adversely impact their safety, efficacy, or availability to the patient
community.

Let me conclude by saying that we continue to dedicate our R&D
resources to understand where other threats to safety might origi-
nate and to design and implement yet further barriers to these
threats, through increased surveillance using an outside panel of
top worldwide experts, through working to develop and improve
tests for donors and products, and through efforts to provide even
more choices for powerful separation and inactivation method.

Mr. Chairman, thank you for allowing me to appear here today,
and I'm happy to answer whatever questions I can from the com-
mittee.

Mr. SHAYS. Thank you very much, Dr. Feldman.

[The prepared statement of Mr. Feldman follows:]



196

Centeon Congressional Testimony: July 31, 1997

Mr. Chairman and Members of the Subcommittee:

My name is Dr. Fred Feldman, and I am Vice President of Pre-Clinical
Research and Development for Centeon. I have dedicated my efforts for
more than 20 years to development of new and improved therapeutics from
plasma, and I am happy to contribute to the deliberations of this committee
on the topic of pool sizes. This is, without doubt, a highly specialized area.
1 have endeavored at every opportunity to assist several Blood Product
Advisory Committees, as well as the staff of this committee in
understanding this area and hope that I can be of assistance today as well.
This is not a trivial manufacturing issue and a decision to constrain
manufacturing to a substantially reduced total pool volume can have the
effect of reducing the total therapeutic product supply. Mr. Chairman, in
the interest of time, I ask that the full written testimony which I have

provided be included in the record.

Appendix 1 to my full testimony provides a report describing the impact of
plasma batch sizes (deseribed in Liters) on the manufacture of our factor

VII concentrate. It was motivated by reported concerns that to

07/28/97 1
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significantly enbance viral safety for chronic users, a very drastic reduction
of process volumes and batch sizes would be needed, and it explored the
impact of large reduction of process batch volumes. The report shows that
such a reduction in batch size greatly increases the complexity of
production and places a greater burden on GMP and quality assurance,
while reducing useable product from existing plants by huge amounts. It
can be seen in the poster of Table ¢ from this report that changing from
production batches at 15,000 Liter equivalents to 500 liter equivalents
could decrease product supply over 96%. If from the throughput
capability of our plant we could serve the needs of over 4,500 people per
year with hemophilia A, we would be reduced to being able to serve the

needs of only 160.

As an industry, however, our products serve a wide range of the public, and
we assessed the impact of batch size on the other products we manufacture
using the Cohn fractionation method. Deliberations on risks and
disadvantages of changing manufacturing of human albumin and human
intravenous gamma globulin are detailed in the second appendix to this

report as well as opportunities for improvement in those processes.

07/28/97 2
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As we have participated in and learned from this dialogue, we must consider
not only benefits for the chronic user but also benefits which could result to

the patient who only occasionally receives our therapy.

We believe that it is incumbent upon manufacturers of critical drugs not
only to continue to supply product reliably, but to look for improvement
opportunities. Although we believe that substantial changes to process
volumes are difficult to achieve, potentially disruptive of supply, and even,
in instances, fraught with risk of reduced safety, we have asked where
there are opportunities within the existing fractionation system where
improvements in control and donor exposure can be made without creating
significant regulatory or supply disruptions and where risk reduction benefit
could result, at least to that patient infrequently exposed to pooled plasma

derivatives.

We have identified opportunities for Centeon to reduce the total donor
exposure from a given batch and have initiated the nine point program of

improvement (Appendix 2: Table 1) shown on the poster:

07128197 3
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These specific initiatives can decrease the maximum number of donors in
our processing and reduce the overall variation in the number of donors
associated with any given batch of therapeutic. The specific process-by-
process changes, as well as equipment related opportunities which may
offer other means for improvement, will be reviewed with FDA to ensure
compliance with ¢cGMP and control of quality assurance before changes are
initiated. We would hope the committee recognizes that such change, such
validation, takes not only resources but takes time and that even seemingly
trivial changes in production equipment require us to develop assurance that
our processes remain in total control, that our changes do not impact the
stability of our therapies nor adversely impact their safety, efficacy, and

availability to the patient community.

Let me conclude by saying that we continue to dedicate our R&D resources
to understand where other threats to safety might originate and to design
and implement yet further barriers to these threats, through increased
surveiliance using an outside panel of top world-wide experts, through

working to develop improved tests for donors and products, and through

07/28/97 4
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efforts to provide even more choices for powerful separation and

inactivation methods.

Thank you, and I am happy to answer whatever questions I can from the

committee.

07/28/97 . 5
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APPENDIX 1

IMPACT OF PLASMA BATCH SI1ZE ON MANUFACTURING OF COAGULATION
FACTOR CONCENTRATES

Understanding the molecular defects causing hemophilia bleeding disorders
has been a slow process. Although the genetic predisposition of the disorder

‘ was suspected even in biblical times, the disease and its treatment was poorly
understood even until the early 1950's. As it became understood that
hemophilia A could be corrected by replacement of plasma coagulation
Factor VI, early treatment took the form of replacement therapy with whole
plasma. Low concentrations of the factor and large volumes needed for
treatment limited this to the most urgent conditions. Improvements in the
1960's',2 and 1970's® led to the development of highly concentrated
manufagtured concentrates which enabled aggressive treatment of severe

. bleeding conditions, enabled home care and prophylactic treatment to
prevent joint disorders and enabled the prevention of life-threatening

spontaneous bleeds.

The undetected contamination of the blood and plasma supply by the AIDS
virus took a tragic toll before the virus was identified by scientists and

aggressive virus inactivation and removal methods could be introduced during

Centeon Congressional Testimony: 7/97 1
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the 1980's. Increasing understanding of the structure and biochemistry of

‘ Factor VIII* coupled with the availability of more sophisticated separation
methods enabled the preparation of the first monoclonal antibody purified
Factor VIII concentrates in the mid 1980's® (licensed first in 1987). Several
techniques for inactivating viruses are now in use in the preparation of Factor
VIII concentrates world-wide including the use of solvent/detergents for
inactivation of lipid-enveloped viruses® and the use of various heating
regimens, both in the liquid’,* as well as in the lyophilized product state®.
High orders of virus removal have been documented for many such
concentrates dramatically improving their safety'®,',’%. During the 1990's
recombinant Factor VIII concentrates have also become available, reducing
dependence on plasma s‘ourcing, although these products all require
stabilization with large quantities of human plasma derived albumin,
Generally, the supply of Factor VIII globally, however, is still greatly

dependent on the availability of plasma derived Factor VIIL

In recent meetings, questions have been raised with regard to the necessity
for large scale processing of plasma therapeutics. It has been presumed that
reducing the number of donors that contribute to a batch of product and

reducing the size of the starting pool for fractionation will significantly

Centeon Congressional Testimony: 7/97 2
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improve the safety of the resultant product. For patient groups requiring
ongoing continuous access to such therapeutics, such an assumption requires
a more comprehensive evaluation. As product usage increases, either by
exposure to multiple donors from a single large batch or by exposures to
multiple donors by use of many small batches, the risk to the chronic user

" rises similarly. It has been estimated by Woods and Horowitz" that until
donor pools are significantly less than 100 donors (approximately 75 liters of
plasma) that the accumulated risk to the long-term chronic user is little

improved over product obtained from large pools.

It can be shown that one of the-impacts of limiting production to small pool
sizes would be to drastically reduce the total available product which could
be produced on a national basis. Since a very significant portion of world-

" wide fractionation capacity resides in the United States, mandated reduction
to very small pool sizes for fractionation would reduce product availability
not only in the United States but world-wide and create difficulties in product
availability for treatment of a large range of disorders - hemophilia, immune
deficiency, RH incompatibility, anto-immﬁne disorders, alpha-1-protease
deficiency, anti-thrombin III deficiency, treatments of bumn and trauma

patients requiring transfusions with human albumin, treatment of burn and

Centeon Congressional Testimony: 7/97 3
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accident victims requiring use of fibrin sealants for trauma or burns

. {approved in Europe and Japan).

For purposes of this discussion, we illustrate in detail the impact of reducing
batch size of a generalized Factor VIII produced using first cryoprecipitation,
then immuno-affinity chromatography followed by secondary
chromatography. A generalized recovery of 150 units Factor VIII per liter
plasma fractionated is assumed, a value well within the types of recoveries
found by others in a variety of fractionation methods. Variation of yields

. outside this range has little to no effect on the conclusions reached and can be

interpolated from the data provided.

Table 1 demonstrates what happens to process scale as a function of batch
size and increasing purification. The first column demonstrates the various
process steps employed in purification/processing. Three different total
process batch volumes are explored throughout this evaluation: 15,000 liters,
1500 liters, and 500 liters. It is assumed that in any of these process volumes
. that five subsections are prepared individually to an Intermediate holding
point and, as process volume is reduced below a practical handling scale, that

subsections are combined to a single master lot (15,000 liters, 1500 liters, or

Centeon Congressional Testimony: 7/97 4
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500 liters). Table I shows that even when a process is begun with a large
volume of 3,000 liters, that by the time the intermediate holding step is
reached, the volume is reduced to 7.5 liters. Combination of five such
sections (thereby making the equivalent batch volume now equal to 15,000
liters) raises the in-process volume to 37.5 liters for continued processing.
Even by this combination, the final sterile bulk product attained for filling
into vials is only 9 liters. When filled into vials of 1000 unit per vial potency
2,250 gross vials are produced. This number is further reduced by sampling

requirements and quality control testing needs.

It can be seen in like fashion from table 1 what happens as starting batch
volume is reduced. Reducing the initial batch from 15,000 liters to 1500
liters results in process volumes at the end of processing of about 0.9 liters, a

volume difficult to handle and still maintain the process in control.

If the initial process volume were reduced further from 15,000 liters to 500
liters, the situation becomes even more difficult. Volumes' for processing are
attained of only 0.3 liters. Such a volume makes process monitoring and
control practically impossible and results in major product losses by coating

of vessels. At 500 liters process volume, a volume that still does not

Centeon Congressional Testimony: 797 5
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significantly reduce exposure to multiple donors, only 75 gross vials per

product lot would be available for testing and release.

The practical impact on attempting to operate production systems at the
reduced volume scales described above is described in table 2. At 15,000
liters equivalent plasma pool size, it can be seen that the final bulk volume is
9,000 ml and that 2,250 gross vials are attained. Three such batches are
presumed to be routinely processed in the course of a week, resulting in a
yearly production capacity of 156 batches produced for distribution. Such
production can be accomplished by filling vials in a single dedicated filling

" room facility. Additionally, such production requires the use of two large
freeze-dryers. The freeze-dryers contain multiple shelves, but the contents of
a single lyophilizer chamber are defined as constituting a single batch.
Several different batches in a lyophilizer are not allowed as a violation of
GMP (Good Manufacturing Practice). To conduct manufacturing at this
scale, process control general requires 950 separate in-process product
quality control tests per week and 63 quality control tests on final product per
week. The quantity of product consumed in final product testing alone is

" about 2% at this scale.

Centeon Congressional Testimony: 7/97 6
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The drastic impact on reducing plasma batch volume from 15,000 liters to
500 liters can be readily seen on Table 2. At this scale, a final bulk volume
of only 300 mi is obtained, which yields only 75 gross vials of 1000 units per
vial. To generate an equivalent number of gross units as production at
15,000 liter pool size, 90 batches per week would have to be produced at this
- small scale or as much as 4,680 batches per year. Since a lyophilizer can
only contain a single batch of product, the number of lyophilizer chambers
required would also increase dramatically. Rather than estimate 90 chambers
required for drying, we have assumed optimization of the drying cycle to
reduce cycle time, but believe that upwards of 60 industrial freeze dryers
would still be required. Since a filling line requires dedicated equipment and
stringent sanitization/qualification between batches, upward of 18 fill rooms
and independent equipment would be required. The maintenance,
. qualification, and validation/revalidation of such facilities would further
increase complexity. The number of in-process QC tests required for
manufacture would increase to 6,750 per week and final product QC release
tests would climb to 1890 tests per week. Data acquisition and control would
be a significant factor as would availability of equipment and facilities.

Lastly, and critically, the additional final container sample for product release

Centeon Congressional Testimony: 7/97 7
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testing alone would consume 39% of the gross product manufactured,

significantly reducing world-wide product availability.

An example of the reduction of product availability caused by increased
sampling and testing of final product is shown in Table 3. Even by
minimizing testing requirements to preserve product for distribution, the
number of vials of product required for release at 500 liter batch scale is still
29. Since only 75 vials of product are produced at such a scale, fully 39% of

product would be lost by the testing requirements alone.

Product lyophilization would be a major rate-limiting step in production at
small batch sizes as seen in Table 4. This table compares the cycle time and
resources needed to produce 2250 vials from a single batch (15,000 liter
scale) to the resources needed to produce the same 75 (gross) vials by 30
independent small runs. Actually, to keep up, 90 such small runs would need
to be completed per week, not 30 as stated above. Clearly, energy resources
required for such operation would be prohibitive. Additionally the
complexity would raise concerns for its very practicality, even were all

resources brought to bear. The complexity of such a process would also

Centeon Congressional Testimony: 7/97 8
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require intensive maintenance programs to prevent on-line failures and would

further likely reduce throughput and product availability.

The sheer number of repetitive processes which would need to be repeated
and run with a high rate of quality assurance and GMP compliance if one
assumed 90 batches per week are staggering and partially itemized on table 5.
The increased difficulty of control and potential of failure at any point in
sucha complex process would add further risk to ongoing production.
Production of 2250 vials in an ongeing process at small scale has a much
higher risk of failure than a controlled process where 2250 vials are produced

in a single batch.

If attempted, the staffing requirements to run production in such a mode are
shown in table 6. At 500 liter scale, production would now take an estimated
736 operators running 90 independent batches per week with 18 filling
 stations per day and 90 Iyophilization ¢ycles to produce the same unit
throughput as processing at 15,000 liter scale three times a week. The risk of
human and machine error increases sharply at various points as shown in

table 7.

Centeon Congressiona! Testimony: 7/97 g
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The impact of operating at the two extreme scales (15,000 liters vs. 500
liters) may be best appreciated graphically by comparing Figure 1 vs. Figure
2. The increased number of runs represented in figure 2 is necessary to
attempt to produce the same quantity of supply as in figure 1. Table 8 shows
clearly how many more runs it takes to accomplish the same desired supply.
Even if attempted, the final product availability would be decreased by the
increased losses in handling smaller volumes {not considered in these
calculations) and the increase in the percentage of product required for

testing as demonstrated in table 3,

The ultimate impact of operating at small scale on product availability for
medical use is shown in tables 9A and 5B. These tables calculates the
quantity of product which would be produced by operating at three batch
volume scenarios: 15,000 liters, 1500 liters, or 500 liters. Assumptions
implicit in these calculations are: unit recovery during processing of 150
units per liter processed, rate limiting throughput by lyophilizer equipment
such that only 5 batches could be processed per week, and 39% utilization of
product in release testing at 500 liter batch scale as shown in table 2. From

- these calculations, it could be seen that operating at 500 liter batch size

Centeon Congressional Testimony: 787 10
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would reduce product availability by 96%. Alternate scenarios might also be
envisioned. For example, one could postulate increasing the number of
batches which could be run to 10 per week by the purchase of additional
equipment {tanks, lyophilizers, etc.) Although such an adjustment appears
simple, the purchase of 5.more industrial scale lyophilizers could take as long
as a year, followed by upwards of one year for installation, operational
qualification, and validation. Plant expansions would additionally likely be

_ required with their own time lines for operational qualification and
validation. Even with such adjustments, one could calculate the impact in
similar fashion to that of table 8 and find that even with such expansion, the
availability of product would only be 23.79 million units per year or still

93.1% less product available than by operation at 15,000 liter batch size.

Tables 9A and B also show the impact that stabilizer albumin can have on the
total donor number contained in a batch. By optimizing the stabilizer use,
 substantial improvement can be made in the number of donors in a baich

"even at the same process volume.

1t is clear that continuing efforts should be made to improve the safety of all

biological products which carry risk from infectious agents. These

Centeon Congressional Testimony: 7/97 1
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improvements can be from advances in testing, from incorporation of better
or yet to be discovered methods of inactivation, as well as from incorporation
of separation methods to remove risk of co-purification of infectious
materials.
The current generation of coagulation products in use represent such
evolution in scientific discovery and technological advance. For one such
product, a pasteurized plasma derived coagulation factor VIII purified to very
high levels by immunoaffinity chromatography very high levels of virus
removal have been demonstrated. Lipid enveloped viruses such as HIV have
been shown to have a removal capacity of as much as 15 logs bya
combination of pasteurization and purification. The same procedure has
demonstrated 12 log removal capacity for EMC (a non-enveloped virus). It

‘ has become clearer in recent years that non-enveloped viruses can be
significantly heterogeneous, however, such that viruses like parvovirus are
difficult to remove with the same efficiency. For such agents additional

methodologies will yet have to be incorporated.

Even as new methods are added or multiple existing methods chained
together, validation of continued clinical efficacy and safety will be

necessary to ensure that the stability of the therapeutic agent has not been

Centeon Congressional Testimony: 7/97 12
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" unknowingly compromised nor its structure altered to elicit antibody

response.

As increasing knowledge is gained of the structure of the molecules with
which we work, how to control their stability, and how to control their
partitioning away from infectious agents, the potential of gaining additional
safety increments by these methods is more promising than by operating at
very small batch sizes, where generation of adequate supply and control of

" processing is generally inadequate.
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Appendix 2

Pool Sizg Considerations In The Cohn Fractionation Process

The basic process for the manufacture of key plasma derivatives like human
albumin and human gamma globulins was developed in the United States as
a special government program headed by Dr. EJ Cohn from Harvard
University during World War II.  The objective was to find a successful
emergency treatment for blood loss in the battlefield to enable rapid casualty
care. The Cohn fractionation process which resulted enabled the separation
of plasma from whole human blood collected at centers and shipped to
central manufacturing sites where critical life-saving fractions (derivatives or
products} could be removed and utilized in the field (battlefield or civilian
casualty conditions). The process as developed by Cohn utilized differential
separation of proteins on the basis of specific controlled precipitation
controlling the separation on a basis of protein charge and solubility
manipulated by alcohol concentration, ionic strength of the solution (“salt
concentration™), protein concentration, and temperature. The separation
method allowed the ready division of plasma into discrete separated fractions

where the therapeutic proteins could be removed and put into
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pharmaceutically accepted formulations. The first therapeutic applications
were for the human gamma globulin and elbumin fractions which could be
provided in high purity in different fractions, respectively Fraction II and
Fraction V. The separation steps needed were many and complex, but
provided the opportunity for separating many of the proteins which could be
found in plasma into different fractions for clinical research or application.
The Cohn Fractionation Method (Figure 1) is still in place today among
virtually all fractionators, but variations of methodology and technology exist
between them, and manufacturers’ have additionally learned how to separate
other therapeutic proteins (such as Factor VIII for treating hemophilia A from
cryoprecipitate and Factor IX for treating hemophilia B from the

cryoprecipitate poor plasma (CPP), as well as other therapeutic proteins).

Plasma proteins are present in the starting plasma at different concentrations.
Some are present at relatively higher levels but require high doses for
treatment (gram quantities like albumin or IVIG). Others are present at very
trace levels in plasma and require high purification and concentration from
large quantities of starting plasma to enable sufficient recovery for treating
large numbers of patients. Since significant losses occur in separation and

Centeon Congressional Testimony: 7/97 2
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fractionation methods (generally the more processing steps, the more losses),
large volume methods are generally needed to generate sufficient product for

patient treatment.

As explained in Appendix 1 for operational choices for the preparation of
coagulation Factor VIII; similar impacts operate on selecting pool sizes for
the manufacture of products from the Cohn fractionation method (Human
Albumin, Human IgG (IVIG), Alpha-1-Antitrypsin, and others). Each
process has to be controlled according to strict GMP requirements, as well as
scientific ones. Samples are removed throughout the process for testing and
assurance that the process is behaving as expected. Unlike the preparation of
chemical therapeutic molecules from organic synthesis, the preparation and
purification of biological therapeutics is subject to greater variation.
Biological systems vary, whether from individual variances among plasma
donors or whether from harvests from cell culture systems, and the
sepérations of large protein molecules have some intrinsic variation. These
must be carefully monitored and controlled for and represent some losses
during processing, the smaller the fractionation stream, obviously the larger
the percentage of losses. The greater losses, however, can occur during final

Centeon Congressional Testimony: 7/97 3
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product quality control testing (or even during extensive and ongoing process
validation studies). In those cases, small fractionation pools generate small
levels of product and sampling requirements constitute a greater percentage

loss of product.

The final consideration to be discussed here relating to products obtained
from the Cohn fractionation method or its variations relates to process scale
and process equipment. The scale of operations for these methods is large
(for reasons explained above), the resulting equipment (tanks, pumps,
ultrafilters, filters, freeze-driers) is hence also large, and the plant, therefore,
is also large and complex. The existing size of the plants is a critical
parameter, not only because it represents the resource available today, but
also because substantially decreasing process volumes immediately raises
questions and concerns of processing equivalence and impacts on product
safety and efficacy. Simple examples of such impacts are apparent: if the
volume to go into a large tank is decreased by half {or more) and the process
is dependent on precipitation and separation phenomena (as the Cohn process
is), the decreased volume may no longer fit with the stirring system in place
and result in foaming and denaturation if the stirrer now “whips” during an

Centeon Congressional Testimony: 7/97 4
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alcohol addition and separation step. Even if the impact isn’t as dramatic,
altered tank geometries and alcohol additions and stirring modalities can
change the nature of the precipitant, the nature of the impurities which carry
forward, and the stability of the product which is derived. The more dramatic
the changes, the greater the need for process validation and supporting
documentation {pharmacology/toxicology studies; stability studies; perhaps
even clinical data on pharmacokinetics or immunogenicity). That such
documentation is needed is ever increasingly apparent through current GMP
and Quality Assurance systems thinking as formulated by the FDA and
consistent with good science and technology. If the end result is a highly
desired one, changes can occur. The greater the scope of the change,
however, the greater the impact on the operation. Generally, we can assume
that to make even one large tank change in such a plant, that walls would
have to come down, environmental control systems would be impacted (air
and water system shutdowns and revalidation), installation and qualification
of new tanks and controls, and process qualification of the completed system
even unto making new “conformance lots” demonstrating return to controlled
conditions. If muitiple changes were instituted in fractionation plants, the
potential for simultaneous large scale shutdown of multiple facilities could be

Centeon Congressional Testimony: 7/97 s
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envisioned with resulting interruptions in supply. Especially with lead times
of large scale equipment of as much as a year or more, with extensive
renovation operations running probably at least a year, and with revalidation
operations taking often two years, a time period of change of four years could
easily be envisioned, during which time normal production could not be done
in that facility. Alternatively, new plants with small scale operations could
be entertained. However, as shown for the Factor VIII case (Appendix 1),
the complexity of operation increases substantially, even while the supply

from one unit operation drops, the efficiency decays, and costs increase.

It is incumbent upon manufacturers of critical drugs not only to continue to
supply product reliably, but to look for improvement opportunity -
improvements in furthering safety and efficacy, improvements in technology
to improve supply, improvements in technology and technique to gain better
process control and quality assurance, and, we have understood,

improvements to patients and payors with regard to cost-benefit.

Although we believe that substantial changes of process volumes are difficult

to achieve, potentially disruptive of supply, and even in instances frought

Centt Ce

| Testimony: 797 6

bt



237

Centeon Report: Appendix 2

with risk of reduced safety, we have asked where there are opportunities
within the existing fractionation system where improvements in control and
donor exposure can be implemented without creating significant regulatory
or supply difficulties and where risk reduction benefit could result, at least to
the patient infrequently exposed to pooled plasma derivatives. (In discussing
risk reduction in relationship to pool sizes, some confusion can exist between
the relationship of process volume as expressed in liter quantities, the total
donations contained in a batch, and the number of donors contained. To
facilitate further discussion, definitions for these terms are supplied in Table

1)

We believe that we have identified opportunities for Centeon to reduce the

total donor exposure from a given batch and have initiated the following

program of improvement (Tabie 2):

1. Identify where the ranée of production batch sizes (total donor exposure)
is large. Identify outliers in each product category and contributors to this
condition and reduce the range of variation, diminishing the top end of the

range to the greatest extent.
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2. Eliminate the practice of recovery of units such as “packaging defects”
and other similar categories of product vials where the product quality is
believed intact, but where minor imperfections still qualified recovery by

addition of sporadic units to another jot in process.

Although this practice conserves the supply of product from valuable
national resources, it can contribute disproportionately to increasing
donor exposure from any given batch. We have discontinued this
practice for all new production since January 1997.
3. Reduce the combined sublots (subsections} in processing Factor VIIL
4. Limit the addition of stabilizer human albumin in the use of manufacture
of a therapeutic product such as Monoclate-P or Gammar P LV. to ensure
that not more than one lot of albumin is used in the manufacture of a
specific lot of final product.
5. To reduce the donor increase contributed by the human albumin stabilizer,
prepare the stabilizer albumin from a special batch of albumin.
6. Reduce the total pool from which sections are pulled for manufacture of

Mononine (Factor IX).
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7. Limit the number of donors going into the Cohn process by ensuring that
the donor exposure will result from not more than two plasma pool
equivalents being utilized for .construction of the CPP which will start
fractionation, rather than three.

8. In the preparation of Gammar P I.V., limit the donor exposure which will
result from combination of Fraction II+III pastes so that donors from not
more than two such equivalent pastes are combined, rather than three.

9. Control the plasma collection and distribution system to enable 50%
repeat plasma donors going into a pool to reduce the overall exposure rate

from donors, even in equivalent batch sizes.

We believe that by implementation of these intiatives, that Centeon can
decrease the variation of donor numbers which occurs in processing and
reduce the overall maximum number of donors associated with any given
batch of product. Specific product by product changes which we believe can
generate this as well as equipment related opportunities which may offer
other opportunities for improvement will be reviewed with FDA to ensure
compliance with ¢cGMP and control of quality assurance before process
changes are intiated.
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Appendix 3

Centeon Research Initiatives To Further Safety

To gain better knowledge of where threats might originate to safety of
products derived from plasma, a variety of safety initiatives have been
undertaken. To provide increased surveillance opportunities and gain
expertise in a broad range of scientific disciplines, Centeon has assembled
a scientific counsel of eminent specialists. The Transmissible Agents
Scientific Council (named TASC), constituted in 1996, has met between
one and two times yearly and fulfills the safety objectives stated in its
mission in Figure 1. Expertise represented on TASC encompasses a
comprehensive range of infectious organisms, with agents causing prion
diseases represented by specialists from four countries (Figure 2).
Specialists in epidemiology and emerging infectious agents are also
represented and add to the breadth of the group. To ensure an appropriate
awareness of the potentials and/or the limitations of fractionation to the
group, training seminars in fractionation initiated the early meetings. To
ensure a high level of commitment to the counsel, Centeon membership
includes the Vice-President of Clinical Research and Development, the
Vice-President of Pre-Clinical Research and Development, the Head of
Virology Research, and company specialists in validation and process
development. A scientist with long-term research expertise in prion
science and CJD has been added to Centeon and also sits on TASC.

Although the scientific and medical communities have been unable to
agree on the specific risk which the CID agent represents to plasma
products and have termed it a “theoretical risk,” Centeon has invested
significant resources in furthering research to understand the agent and
developing methods to improve its detection and elimination. Figure 3
provides details on a research contract initiated in 1996 with the laboratory
of Dr. Stanley Prusiner, the world expert in prion science, to enhance
understanding of the agent and develop a specific rapid bicassay in
transgenic animals sensitive to human prions. Specific goals have been
agreed upon and research activities initiated in 1996 (Figure 4). As part of
the program, conferences have been held exchanging specific knowledge
between the laboratories (Centeon’s and Prusiner’s) to promote the
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opportunity for each of the laboratories to better understand how their
particular and unique knowledge could be applied by the other (Figure 5).
Specific areas under discussion are shown in Figure 6 and interim progress
will be discussed with FDA as data become available.
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Mr. SHAYS. Ms. Preston, and then we’ll get to questions.

I would like to note for the record that we’re joined by the truly
distinguished chairman of our committee, Mr. Burton, and we ap-
preciate his being here. I was thinking as he walked in he thought,
what am I getting myself into here, bringing out one chart after
another. This is what one of your committees does, Mr. Chairman.

Ms. PRESTON. Mr. Chairman, and members of the committee, la-
dies and gentlemen, I am Sue Preston, vice president of Quality
and Regulatory Affairs, Alpha Therapeutic Corp., located in Los
Angeles, CA. We process human plasma into life-saving treatments
for patients with immunodeficiency, hemophilia, and trauma vic-
tims. Immunoglobulins, Factor VIII, Factor IX, and albumin are
some of the products that are licensed by the Food and Drug Ad-
ministration. We have additional biologic products and drugs in
clinical trials. Alpha Therapeutic Corp. markets products in the
United States and in over 50 countries worldwide.

I would like to talk to you today about the multiple measures
that our industry and Alpha Therapeutic Corp. have incorporated
to ensure safe and effective products. Reduction in the risk of donor
exposure, sometimes referred to as pool size reduction, is only one
measure of many measures, some of which are more than effective
and have a broader impact. The chart depicts many of the vol-
untary and mandatory safety measures incorporated in our proc-
esses.

Beginning with the population of donors, we voluntarily have im-
plemented industry quality plasma program standards for viral
marker testing. Each and every donor from whom we collect plas-
ma, we have an extensive medical screening and testing program.
The FDA has regulations which require asking the donor about
high-risk behavior, medical history, and CJD. We have voluntarily
added several additional requirements, such as an age limit less
than 60 years, and deferring donors with a history of corneal trans-
plants to further preclude the risk of CJD. Every donor is screened
against the National Donor Deferral Registry for a history of posi-
tive viral marker testing. Furthermore, we conduct drug screening
as part of our donor acceptance program.

Every donor is examined at each donation for health status, and
samples of blood are tested for normal levels of protein and hemo-
globin as required by regulations. Alpha Therapeutic Corp. per-
forms physician-supervised extended medical screening and ad-
heres to the industry voluntary standards for accepting donations
from only qualified donors; that is, those with two or more dona-
tions with all negative viral marker tests.

Over 95 percent of our donations come from repeat donors. These
donors are well known to our plasmapheresis medical staff, as we
see these donors several times each month. Our donors in plasma-
pheresis centers are part of the communities in which they’re lo-
cated.

The next step in the process is testing samples from each and
every donation for the presence of viral markers, such as hepatitis
B antigen, hepatitis C antibodies, human immunodeficiency virus
antigen, and antibodies.

At our Memphis laboratory, we test for the level of liver enzymes
so that donors with liver disease are deferred appropriately. We
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have a double identification system on our plasma collection bottles
and our sample tubes so that sample mixups with test results are
virtually eliminated. We adhere to the industry standards with re-
spect to holding plasma units to assist in retrieving units from do-
nors who subsequently test positive for viral markers. We maintain
backup samples of our donations if additional testing is necessary.

Alpha Therapeutic Corp. has implemented many voluntary meas-
ures such as testing for viral markers in minipools over and above
the individual units testing. For instance, we utilize a different test
kit for detection of HIV antibodies to exclude test errors. We have
begun clinical trials on the ability of the most sensitive test method
available, polymerase chain reaction, in minipools to detect viral
nucleic acid material from HIV and HCV.

Our manufacturing process begins with the voluntary testing of
samples from our plasma pool after all of the donations are pooled
for hepatitis B antigen and hepatitis C antibodies and with two dif-
ferent test kits for the absence of HIV antibodies.

We have already incorporated steps to reduce the donor exposure
in the final products as outlined in our IPPIA presentation.

For our products, safety is a combination of many factors, but the
most important for currently known pathogenic acts and possibly
for those that are unknown remains our manufacturing process
itself.

The FDA mandates the viral inactivation step of heat treatment
or pasteurization for albumin products. In each of our processes, we
incorporate steps to remove or inactivate viruses such as solvent
detergent treatment that inactivates HIV, HBV, and HCV very effi-
ciently.

Other steps have been added to reduce the potential for other
types of viruses such as hepatitis A or parvovirus. We are exploring
a step with some preliminary information on CJD infectivity re-
moval. However, much additional research will be necessary to con-
firm these very preliminary results.

During the course of the manufacturing process, samples are
taken for testing. Samples of the final container batch are sub-
jected to a large battery of tests. Sterility, potency, purity, safety,
and stability are mandated by the regulations or in our product li-
censes. We have implemented voluntary testing for hepatitis B
antigen and antibodies for hepatitis C and HIV.

Since March 1996, Alpha Therapeutic Corp. has also tested sam-
ples from each final container batch for the absence of viral nucleic
acids by polymerase chain reaction, for hepatitis A, hepatitis B,
hepatitis C, and HIV. Only negative lots are released for distribu-
tion.

Alpha Therapeutic continues to monitor the product safety once
it leaves our doors through marketing surveillance. We report ad-
verse events promptly to the FDA. We conduct ongoing clinical
trials with our products to continuously monitor the safety and effi-
cacy as we improve processes. We seek and receive constant feed-
back from recipients of our products. In the event that we have dis-
covered subsequent to product distribution a potential risk, we
work with our customers, consumer groups, and regulatory agen-
cies to take the appropriate actions to eliminate the risk through
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quarantine or recall notifications. We support the initiatives as de-
scribed in the IPPIA testimony with respect to notification.

We will never rest in our vigilance for safety. Our scientists work
tirelessly to develop improved methods for ensuring safety through
better manufacturing processes or improved tests. We cooperate
with other corporations to develop more sensitive methods for de-
tecting disease. We participate in the research consortium for plas-
ma science for developing better viral inactivation processes. We
encourage our industry organization to increase standards of excel-
lence. We continue to work with regulatory agencies around the
world:

Mr. SHAYS. OK.

Ms. PRESTON [continuing]. To ensure we can supply the most
safest and efficacious products. Thank you.

Mr. SHAYS. Thank you.

[The prepared statement of Ms. Preston follows:]
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Foreword

This document is in response to an invitation from the Congress of the United
States House of Representatives’ Commitiee on Government Reform and
Oversight, Subcommittee on Human Resources and Chairman Christopher
Shays for Ms. M. Sue Preston’s testimony, on behalf of the Alpha
Therapeutic Corporation, for a scheduled hearing on July 31, 1997,
concerning the safety implications of plasma poo! sizes in the manufacture of
fractionated plasma products.

The information submitted herein contains trade secrets and/or is confidential
and may not be revealed or disclosed without the prior written authorization of
the Alpha Therapeutic Corporation.

The lifesaving benefits of plasma have been recognized throughout history.
This liquid portion of human blood contains essential components including
blood clotting factors, immune globulin antibodies and plasma volume
expanders. It was in the 1940s, when researchers at Harvard University
launched a project to “fractionate” plasma, or separate its components, that
the modern plasma age was born.

From the very beginning, Alpha Therapeutic Corporation has provided
leadership in sourcing, manufacturing and distributing plasma derived
pharmaceutical products. Alpha evolved from Courtland Laboratories, which
started in Los Angeles in 1948 and later became Abbott L.aboratories. Alpha
was incorporated in California in 1978 as a wholly owned subsidiary of the
Green Cross Corporation of Osaka, Japan.

With continued growth, Alpha now has worldwide sales nearing $400 million
and employs over 2,600 dedicated people, who work in our manufacturing
facilities, research laboratories, warehouses, donor centers and corporate
offices. Other facilities include international subsidiaries, the Memphis testing
laboratory, a specialty plastics plant and Alpha Therapeutic Services, a
subsidiary which provides home infusion products and services.

This involvement in the entire plasma production process reflects Alpha's
commitment to people, from the employees who make our products to the
patients who receive them.
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I. INTRODUCTION

it is the understanding of Alpha Therapeutic Corporation that the Committee
on Government Oversight and Reform, the Subcommittee on Human
Resources and its chaitman Christopher Shays have scheduled this hearing
in an effort to discuss arguments in favor of limiting plasma pool sizes in an
effort to reduce the risk of infectious disease transmission and to reduce the
impact of product recalls. A copy of the letter of invitation to testify is
provided foliowing this introduction.

This testimony is intended fo discuss the safety implications of plasma pool
sizes in Alpha Therapeutic Corporation’s fractionated plasma products. This
testimony considers the risks and safety associated with Alpha Therapeutic
Corporation plasma products and addresses the efforts to detect and remove
the agent of Creutzfeldt-Jacob Disease (CJD). Furthermore, we provide
testimony on considerations for recall and notification efficiency.

As we discuss our therapeutic products, we must also consider the number of
other products that incorporate our products as reagents and stabifizers. A
number of recombinant DNA products utilize our albumin products during the
course of manufacture or as a final container stabilizer. Some contrast
agents are manufactured with human albumin as a base. Furthermore, as
the need for tissue preservation, such as for in vifro fertilization, increases,
our products touch more recipients.
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Chairman
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Washington, D.C. 20515
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July 17, 1997

Ms. M. Sue Preston

Vice President

Quality & Regulatory Affairs
Alpha Therapeutic Corporation
2410 Lillyvale Avenue

Los Angeles, CA 90032

Dear Ms. Preston:

Our subcommittee, with oversight responsibilities for U.S. Departrent of Health and Human
Services” (HHS) agencies, has scheduled a hearing for July 31, 1997 on the safety implications of
plasma pool sizes in the manufacture of fractionated blood products. The subcommittee would
benefit from hearing your views and we invite you to testify,

The purpose of the hearing is to review the risks associated with pooled plasma products. We

will consider: the effectiveness of surveillance efforts to detect the presence of Creutzfeldt-Jakob

Disease (CJD) in the blood supply, new research on the possible transmission of CJD through the

blood supply, and the relationship between plasma pool size and the risk of infectious disease

transmission and product recall efficiency. Please focus your testimony on these issues and your
dations for add these g

The hearing will be held in Room 2247 of the Rayburn Building at 10:00 am. Please summarize
your written testimony in five minutes so that we will have maximum time for guestions and
discussion.
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M. Sue Preston
Page 2

Witnesses are asked to provide 100 copies of their prepared testimony (with 20 of these
unstapled), delivered to the subcommittee office, Raybum B-372, at least 48 hours prior to the
hearing. In order to facilitate printing of the hearing record, we would also appreciate receiving
an exact copy of your testimony on a 3.5 inch computer diskette. (See enclosed form.)

Pursuant to House rules, please submit with your testimony a curriculum vitae and a written
disclosure of the amount and source (by agency and program) of any federal grant (or subgrant)
or contract (or subcontract) received during the current fiscal year or either of the two previous
fiscal years by you or the organization or entity you represent.

Under the Congressional Accountability Act, the House of Representatives must be in
compliance with the Americans with Disabilities Act. Persons requiring special accommodations
should contact Jared Carpenter of the subcommittee staff at least 4 business days prior to the
scheduled hearing.

If you have any questions, please call Anne Marie Finley of the subcommittee staff at (202) 225-
2548.

We look forward to your testimony at the hearing.

ce: Rep. Dan Burton
Rep. Vince Snowbarger
Rep. Edolphus Towns
Rep. Henry Waxman
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Il. SUMMARY

A. Oral Testimony by M. Sue Preston

Good Afternoon Ladies and Gentlemen. | am Sue Preston, Vice President of
Quality and Regulatory from Alpha Therapeutic Corporation located in Los
Angeles California. We process human plasma into life-saving treatments for
patients with immunodeficiency, hemophilia, and trauma victims.
Immunoglobulin, Factor VI, Factor IX, and albumin are some of the products
that are licensed by the Food and Drug Administration. We have additional
biological products and drugs in clinical trials. Alpha Therapeutic Corporation
markets products in the United States and in over 50 countries in the world in
compliance with US and international regulatory requirements.

| would like to talk with you today about the multiple measures that our
industry and Alpha Therapeutic Corporation have incorporated to assure safe
and effective products. Reduction in the risk of donor exposure, sometimes
referred to as pool size reduction, is only one measure of many alternative
measures that are much more effective and have a broader impact. This
chart depicts many of the voluntary and mandatory safety measures
incorporated in our process. Beginning with the population of donors, we
voluntarily have implemented industry Quality Plasma Program standards for
viral marker testing.

For each and every donor from whom we collect plasma, we have an
extensive medical screening and testing program. The FDA has regulations
which require asking the donor about high risk behavior, medicat history and
CJD risk. We have voluntarily added several additional requirements such as
an age limit less than 60 years and to defer donors with a history of corneal
transplants to further preclude the risk for CJD. Every donor is screened
against the National Donor Deferral Registry for history of positive viral
marker testing. Furthermore, we conduct drug screening as part of our
donor acceptance program. Every donor is examined at each donation for
health status and samples of blood are tested for normal levels of protein and
hemoglobin as required by the regulations. Alpha Therapeutic Corporation
performs physician-supervised extended medical screening and adheres to
the industry voluntary standards for accepting donations from only qualified
donors, those with two or more donations with ail negative viral marker tests.
Over 95% of our donations come from repeat donors; these donors are well
known to our plasmapheresis center medical staff as we see these donors
several times each month. Our donors and plasmapheresis centers are an
integral part of the communities in which they are located.
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The next step in the process is testing samples from each and every donation
for the presence of viral markers such as hepatitis B antigen, hepatitis C
antibodies, human immunodeficiency virus (HIV} antigen and antibodies as
required by the FDA. At our Memphis Laboratory, we test for the level of liver
enzymes so that donors with liver disease are deferred appropriately. We
have a double identification system on our plasma collection bottles and our
sample tubes so that sample mix-ups are virtually eliminated. We adhere to
the industry standards with respect to holding plasma units fo assist in
retrieving units from donors who subsequently test positive for viral markers.
We maintain back up samples of our donations as a precaution if additional
testing is necessary.

Alpha Therapeutic Corporation has implemented many voluntary measures
such as testing for viral markers in mini-pools over and above the individual
unit testing. For instance, we utilize a different test kit for detection of HIV
antibodies to also exciude test errors. We have begun clinical trials on the
ability of the most sensitive test available, polymerase chain reaction in mini-
pools to detect viral nucleic acid material from HIV or HCV.

Our manufacturing process begins with voluntary testing of samples from the
plasma pool for hepatitis B antigen and hepatitis C antibodies and with two
different test kits for the absence of HIV antibodies. We have already
incorporated steps to reduce the donor exposure in the final products as
outlined in the IPPIA presentation.

For our products, safety is a combination of many factors, but the most
important for currently known pathogenic agents and, possibly those that are
unknown, remains the manufacturing process itself. The FDA mandates the
viral inactivation step of heat treatment or pasteurization for albumin
products. In each of our processes, we incorporate steps to remove or
inactivate viruses such as soivent-detergent treatment that inactivates HIV,
HBV and HCV very efficiently. Other steps have been added to reduce the
potential for other types of viruses such as hepatitis A or parvovirus. We are
exploring a step with some preliminary information on CJD infectivity removal.
Additional research efforts will be necessary to confirm the preliminary
results.

During the course of the manufacturing process, samples are taken for
testing. Samples of the final container batch are subjected to a battery of
tests. Sterility, potency, purity, safety and stability are mandated by the
regulations or in our product licenses issued by the FDA. We have
implemented voluntary testing for hepatitis B antigen and antibodies for
hepatitis C and HIV. Since March 1996, Alpha Therapeutic Corporation has
also tested samples from each final container batch for the absence of viral
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nucleic acid by polymerase chain reaction for hepatitis A, hepatitis B,
hepatitis C and HIV. Only negative lots are released for distribution.

Alpha Therapeutic Corporation continues to monitor the product safety once it
leaves our doors through marketing surveillance. We report adverse events
promptly to the FDA. Furthermore, we conduct on-going clinical trials with
our products to continuously monitor the safety and efficacy as we improve
our processes. We seek and receive constant feedback from recipients of
our products. In the event that we have discovered subsequent to product
distribution, a potential risk, we work with our customers, consumer groups
and regulatory agencies to take the appropriate actions to eliminate the risk
though quarantine or recall notifications. We support the initiatives as
described in the IPPIA testimony.

We will never rest in our vigilance for safely. Our scientists work tirelessly to
develop improved methods for ensuring safety through better manufacturing
processes or improved tests. We cooperate with other corporations fo
develop more sensitive methods for detecting disease. We participate in the
regearch consortium for developing better viral inactivation processes. We
encourage our industry organizations to embrace standards of excellence.
We continue to work with regulatory agencies around the world to assure that
we supply the safest and most efficacious products through implementation
of proactive safeguards and improved processes. Alpha Therapeutic
Corporation will never rest in our vigilance for safety.

Thank you for your attention to our presentation.

10
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il. C. Curriculum Vitae, M. Sue Preston

Title: Vice President, Quality & Regulatory Affairs
Business Address:

Alpha Therapeutic Corporation

5556 Valley Boulevard

Los Angeles, CA 90032

213-227-7580

Facsimile: 213-227-9053
Education:
1981 - 1985 University of Maryland, College Park

Graduate Coursework, Biochemistry and Physiology
1974 Lycoming College, Williamsport, PA

BA, Cum Laude, Biology Major, Chemistry Minor
Profegsional Experience:

1997 to Present Vice President, Quality and Regulatory Affairs

1993 -1997

1892 - 1993

1990 - 1992

1988 - 1990

Alpha Therapeutic Corporation
Los Angeles, CA 90032

Vice President, Regulatory Affairs
Alpha Therapeutic Corporation
Los Angeles, CA 80032

Director, Regulatory Affairs and Quality Assurance
Medarex, Inc.
12 Commerce Avenue

West Lebanon, NH 03784

Director Regulatory Affairs and Quality Assurance
Trancel Corporation

1201 Wakeham Avenue

Santa Ana, CA

Manager, Regulatory Affairs
Baxter Healthcare Corporation
550 North Brand Avenue
Glendale, CA

12
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1980 - 1988 Biologist and Regulatory Coordinator
Plasma Proteins Laboratory
FDA/CBER, Division of Biood and Blood Products
Bethesda, Maryland

1974-1980 Biologist
NIH
Bethesda, MD

Professional Organizations:

Drug Information Association
American Heart Association

Tissue Culture Association

Regulatory Affairs Professional Society
American Society of Quality Control

Honors and Awards

Commissioners Special Citation - 1988
Quality Performance Award - 1985
Commendable Services Award - Public Health Service Division - 1984

13



June 1997

December 1996

November 1989

January 1986

September 1982

May 1980

Qctober 1977
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Presentations
Practical Implications of Pool Size Reduction
American Blood Resource Association Plasma Forum
Washington, DC
Plasma Product Safety & Supply
Blood Products Advisory Committee
Rockville, Maryland

International Regulatory Strategy for Recombinant

.Antihemophilic Factor

Baxter international
Brussels, Belgium

Inactivation of AIDS Virus by Ethanol Fractionation
Workshop on the Safety of Intravenous Immunoglobulin
Preparations with Respect to Transmission f Hepatitis
and AIDS Viruses

Central Laboratory Biood Transfusion Service

Swiss Red Cross

Berne, Switzerland

High Performance Chromatography Profiles of Plasma
Derivatives Workshop on the Molecular Integrity of
Plasma and Cell-Derived Products

FDA, OB

Bethesda, MD

A Probe for the Organization of Beta-Ardenergic
Receptor Regulated Adenylate Cyclase System in
Turkey Ethrocyte Membranes by Use of a
Complementation Assay

Federation Meetings

Washington, DC

Effects of Lipid Perturbents on Adenylate Cyclase
Components in Hepatic Plasma Membranes
Federation Meetings

Atlanta, GA
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Abstracts

Effects of Lipid Perturbents on Adenylate Cyclase Components in Hepatic
Plasma Membranes. P.M. Lad, M.S. Preston, A.F. Welton and M. Rodbell.
Federation Proceeding, October 1977.

Guanine Nucleotide Exchange Reaction in the Regulation of Adenylate
Cyclase. T.B. Nielsen, P.M. Lad, M.S. Preston and M. Rodbell; presented at
the Gordon Research Conference on Cyclic Nucleotides, Meriden, New
Hampshire, June, 1979.

Interaction of the Adenosine and Beta-adrenergic Receptors with the Cyclase
Related Guanine Nucleotide Regulatory Protein in the Turkey Erythrocyte
Plasma Membrane. P.M. Lad, T.B. Nielsen, C. Londos, M.S. Preston and M.
Rodbell. Federation Proceedings 39: 1161, May 1, 1980.

Effects of Cholera Toxin Modification on the Turkey Erythrocyte Adenylate
Cyclase System. P.M. Lad, T.B. Nielsen, M.S. Preston and M. Rodbell.
Federation Proceedings 39: 1960, May 1, 1980.

A Probe for the Organization of the Beta-Adrenergic Receptor Regulated
Adenylate Cyclase System in Turkey Erythrocyte Membranes by Use of a
Complementation Assay. T.B. Nielsen, P.M. Lad, M.S. Preston and M.
Rodbell. Federation Proceedings 39: 2105, May 1, 1980.

15



269

Bibliography

Golding B, Golding H, Preston MS, Hernandez D, et al. Production of a nove!
antigen by conjugation of HIV-1 to Brucella abortus: studies of
immunogenicity, isotype analysis, T-cell dependency, and syncytia inhibition.
AIDS Res Hum Refroviruses. 7(5).435-446, May 1991.

Tankersley DL and Preston MS, “Quahty Controi of lmmunoglobu{ms in
i a im (Krijnen HW,
Strengers PFW and Van Aken WG eds.) March 14-16 1988:Amsterdam.

Tankersley DL, Preston MS and Finlayson JS. Immunoglobulin G Dimer: An
Idiotype-Anti-ldiotype Complex. Molecular Immunology. 1988;25:41-48.

Zuck TF and Preston MS. “Evidence Suggesting that Immune Globulin
Preparations Do Not Transmit AIDS” in ;
Products. J. C. Pefricciani, editor, WHO. John Wiley & Sons Lid.; 1987.

Wells MA, Witek AE, Epstein JS, Marcus-Sekura C, Daniel S, Tankersley DL,
Preston MS and Quinnan GV. Inactivation and Partitioning of Human T-Cell
Lymphotrophic Virus, Type lil, During Ethanol Fractionation f Plasma.
Transfusion 1986;26:210-213.

Rodbell M, Lad PM, Nielsen TB, Cooper DMF, Schiegal W, Preston MS,
Londos C and Kempner ES. The Structure of Adenylate Cyclase Systems.
Advances in Cyclic Nucleotide Research. 1981;14:3-14.

Nielsen TB, Lad PM, Preston MS, Kempner E, Schiege! W and Rodbell M.
The Structure of the Turkey Erythrocyte Adenylate Cyclase Systems.
Rodbell M. Proceedings of the National Academy of Science. February
1981,78:722-726.

Lad PM, Nielsen TB, Londos C, Preston MS and Rodbell M. Independent
Mechanisms of Adenosine Activation and Inhibition of Turkey Erythrocyte
Adenylate Cyclase Systems. Joumal of Biological Chemistry. November 25,
1980;255:10841-10846.

Lad PM, Nielsen TB, Lin MC, Cooper DMF, Preston MS and Rodbell M.
“Toward a Unifying Hypothesis for the for the Effects of Cholera Toxin-
Catalyzed ADP-Ribosylation in Diverse Adenylate Cyclase Systems” in Novel
ADP-Ribosylation  Regulatory Enzymes and. Profeins. (Sugimura T and
Snuison M, eds.) Eisevier-North, Holland Press, New York; 1980.

16



270

Nielsen TB, Lad PM, Preston MS and Rodbell M. Characteristics of the
Guanine Nucleotide Regulatory Component of Adenylate Cyclase in Human
Erythrocyte Membrane. Biochimica et Biophysica Acta. 1980,629:143-155.

Lad PM, Nielsen TB, Preston MS and Rodbell M. The Role of Guanine
Nucleotide Exchange Reaction in the Regulation of the Beta Adrenergic
Receptor and in the Actions of Catecholamines and Cholera Toxin on
Adenylate Cyclase in Turkey Erythrocyte Membranes. Joumnal of Biological
Chemistry. Feb 10, 1980;255:988-995.

Lad PM, Preston MS, Welton AF, Nielsen TB, and Rodbell M. Effects of
Phospholipase A; and Filipin on the Activation of Adenylate Cyclase.
Biochimica et Biophysica Acta, Biomembranes. March 8 1979;551:M68/2,
368-381.

fondos C and Preston MS. Activation of the Hepatic Adenylate Cyclase
System by. Divalent Cations. A Reassessment. ~Joumnal of Biological
Chemistry. September 10, 1977,252:6957-5961.

Londos C and Preston MS. Regulation of Glucagon and Divalent Cations of

Inhibition of-Hepatic Adenylate Cyclase by Adenosine. Journal of Biological
Chemistry. September 10, 1977,252:5951-5956.

17



271

1Il. Background

A. Alpha Therapeutic Corporation Products and Current Manufacturing
Practices

The manufacturing practices of Alpha Therapeutic Corporation for
fractionating plasma products are regulated and approved by the Food and
Drug Administration. All improved manufacturing processes have been
implemented in an effort to provide safer and more efficacious products for
our recipients. The following table represents manufacturing modifications by
the Alpha Therapeutic Corporation that were made to improve viral
inactivation;

Table 1. Process improvements for Alpha's Products

Product Virus Inactivation Date Approved
Method Change
Albumin, {Human) | Heat Treatment 1951

Albutein® | (Pasteurization)
Plasma Protein

Fraction (PPF)
Plasmatein®
Factor VHI (AHF)
Profilate® | Heat Treatment 1984
Alphanate® | Solvent Detergent 1990
Dual Viral Inactivation 1897
{Solvent Detergent/Heat
Treatment)

Factor IX (CFN)

Profilnine® | Heat Treatment 1984
in n-heptene slurry
AlphaNine® | Heat Treatment 1990
in n-heptane slurry
Solvent Detergent) 1992
Dual Viral Inactivation 1996
{Virus filtered/ Solvent
Detergent)
IGIV
Venoglobulin® | Solvent Detergent 1991

18
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Plasma Processing
Human plasma is the raw material that is the basis for all of our licensed
products. Alpha Therapeutic Corporation currently owns or has contracts
with nearly 100 donor centers. Each of the donor centers utilizes a process
-called autopheresis that separates the human plasma from whole human
blood. The autopheresis procedure allows for the plasma to be collected into
a single collection bottle with an integral testing tube attached to the bottle.
Then the autopherisis procedure allows the blood donor's red and white
blood cells along with the their platelets to be safely returned into their body.
The plasma in the collection boftle is stored in a freezer while the sample is
sent to the Alpha Therapeutic Corporation Memphis Laboratory for viral
marker testing. The plasma is then sent to the Alpha Therapeutic

Corporation’s Quarantine Storage Warehouse until a suitable time has
elapsed and each unit of plasma can be 100% inspected for quality.

Manufacturing Plasma Pools

Alpha Therapeutic Corporation’s products are derived from fractionating or
refining pools of human plasma into different proteins and immunogiobulins.
There are over 100 proteins in plasma from healthy individuals. Generally,
proteins are removed in a certain orderdependent on biological and chemical
processing considerations. Plasma is thawed and centrifuged into
cryoprecipitate which is purified into Antihemophilic Factor (AHF) of Factor
VIII. Plasma with the AHF removed (AHF poor plasma) is then separated
into Prothrombin Complex (PTC) or Coagulation Factor IX (CFN). The
remaining material can be processed into either immunoglobulins, Plasma
Protein Fraction (PPF) and/ or Albumin. Alpha Therapeutic Corporation is
also developing purification processes that will allow us to provide the
Fibrinogen, Alpha 1-Proteinase Inhibitor and C1- Esterase inhibitor for clinical
trials. All of our products are administered infravenously. A simplified flow
diagram has been provided on the next page which demonstrates the entire
process of manufacturing the proteins and immunoglobulins from human
plasma.

19
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Alpha Therapeutic Manufacturing Flow Chart
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Albumin Process

The albumin fractionation process is based on Dr. Edwin Cohn's cold alcohol
fractionation/purification process’?. As previously explained, the process of
manufacturing Albumin (Human) is an integral part of the entire
manufacturing system. Looking at the preceding manufacturing flow
diagram, the amount of albumin actually produced is only one product of
many from the same plasma donors. As each of the different products are
removed from the plasma, a precipitate or paste remains. These batches of
paste occur throughout the entire manufacturing process and are defined as
intermediate products. In orderto maximize the output yield and efficiently
utilize the fractionation equipment for processing, purifying, and virus
inactivation, it is necessary to combine different batches of the intermediate
products before they are further processed. As illustrated in the simplified
albumin batch process diagram below, it is necessary to have two starting
batches of plasma to make four batches of intermediate product which are
finally processed to make a single lot of final product. After the product has
been purified, Albutein® and Plasmatein® are heated at 60 °C for ten hours.

Simplified Albumin Batch Process

Plasma Pool Plasma Pool

l Fr. V Precp. I [Fr. V Precp. ] I Fr. V Precp. I | Fr. V Precp. I

| Albumin Final Product Lot |
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AHF Process

Alphanate® is prepared from pooled human plasma by cryoprecipitation of
the Factor VIiI, fractional solubilization and further purification employing
heparin-coupled, cross-linked agarose which has an affinity to the heparin
binding domain of vWF/FVIIE:C complex. The product is treated with a
mixture of tri(n-butyl) phosphate ({TNBP) and polysorbate 80 to reduce the
risks of transmission of viral infection. In order to provide an additional
safeguard against potential non-lipid enveloped viral contamninants, the
product is also subjected to an 80 °C heat treatment for 72 hours. The Factor
Vil (AHF) manufacturing process also utilizes the combining of different
intermediate batch products. In addition to the intermediate batch products
being combined, final container Albumin is added to the product as a
stabilizer. If the Factor VIil process includes three plasma lots as starting
material and the Albumin process has two plasma lots as starting material,
then there would be a minimum of five plasma lots or poolis required to make
the AHF product. The illustration below has been simplified and does not
include all of the processes and intermediate products for the final product.

Another important consideration for the processing of AHF is that a large,
companion protein, von Willebrand Factor, vWF is co-purified with the Factor
VL This process is not included in recombinant DNA or monoclonal
antibody purified Factor VIii products. Von Willebrands’ disease, caused by
deficiencies in VWF, is an inherited bleeding disorder affecting both males
and females. Alphanate® with vWF Factor VIl complex is in clinical trials to
test treatment of this disorder.

AHF Simplified Batch Process

lPlasma Poﬂ [PIasma Pocll lPlasma Pool; lPIasma Pocﬂ

|

.
D

¥Cryo. Paste l {Cryo. Pastél tCryo. Paste

........

|Frozen Bulk I [Frozen Bulk r

< [ AHF Final Produci_——#’])
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Prothrombin Complex (PTC) Process

Profilnine® is a non-activated Factor IX Complex (PTC) prepared from pooled
human plasma and purified by DEAE cellulose adsorption. Profilnine® is
treated with a mixture of the organic solvent tri{(n-butyl)phosphate and the
nonionic detergent polysorbate 80 (Solvent Detergent Mixture) to reduce risks
of transmission of viral infection. The (PTC) process utilizes similar batch
processing as described for Albumin and AHF.

CEN Process

Alphanine® , Coagulation Factor IX (Human), is a highly purified, solvent
detergent treated, virus filtered preparation of Factor IX derived from human
plasma. The CFN process also utilizes similar batch processing as described
for Albumin and AHF.

1GIV Process

Immune Globulin intravenous (Human), Venoglobulin®-S Solution Solvent
Detergent Treated, is a sterile, highly purified solution of intact unmodified
hurman immunoglobulin G intend for intravenous use. Immunoglobulin G is
isolated from human plasma by Cohn-Oncley cold alcohof fractionation and
ion exchange chromatography. The manufacturing process includes
treatment with a mixture of tri-n-butyl phosphate (TNBP) and polysorbate 80.
The IGIV process is much more complex with many more intermediate
processes required to purify the final product. it is also ensures that the
antibodies come from a donor population with geographic diversity in order
for the product to provide broad spectrum antibodies. The IGIV is also
stabilized with Albumin and thus a higher number of donors will be normally
included in the manufacturing of this product.

Critical Protei
When processing Source Plasma, the dosage of each of the critical proteins
should be considered. The levels of these critical proteins in one unit of

Source Plasma purify to 0.03 doses of Factor Vill, 0.07 doses of Factor iX,
0.05 doses of IGIV and 0.82 doses of Albumin.
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. Background

B. Summary of Pool Sizes and Donor Exposure Related Final
Products

The manufacturing records for final products were reviewed for the months of
April through June of 1997 and the number of donors associated with each of
the final products was estimated. Because it is difficult to actually determine
the number of unique donors in each manufacturing pool, the conservative
estimate of one donor for every unit of plasma was assumed. It was then
determined which plasma pools contribute to each of the intermediate
products and which of the intermediate products went into each of the final
products. A summary of the actual manufacturing production lots has been
provided below for each of Alpha Therapeutic Corporation’s licensed
products. Please note that final container Albumin is added in the
manufacturing of both AHF and IGIV as stabilizer and the number of donors
associated with the Albumin lots has been estimated and included to show
the true association of donors to final container lots.

During the last six months there were no final products produced from
Recovered Plasma, plasma collected from whole blood donors. Alpha may
elect to use Recovered Plasma, as permitted by our approved product
licenses, in the future.

Table 2. Range of Donors Associated with Manufacturing
of the Final Product Lots

ssociated
ingofthe

Albumin (6%} 5,978 - 68,544 donors

Albumin (25 %) | 10,482 - 102,879 donors

Factor VIII 63,228 - 98,294 donors
Factor IX 22,317 - 33,119 donors
IGIV 75,543 - 125,637 donors
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Ill. Background
C. Manufacturing Considerations for Reducing Plasma Pool Size

Alpha Therapeutic Corporation is currently manufacturing at full capacity and
reducing the number of donors associated with the final products would have
an immediate effect on the output of the final product. Because less plasma
would be processed, less product would be made. The following table
represents estimates for the loss of output for the active ingredient for each of
Alpha’s products:

Tabie 3. Percentage of Final Product Lost
when Reducing Manufacturing Scale

Product 60,000 donor 15,000 donor 5,000 donor
pool limit pool limit pool limit

Albumin 5% 10% 20%

Factor VIl 5-10% 43% 68%

(AHF)

Factor IX (CFN) 0% 50% 50%

IGIV 5-10% 31% 41%

Alpha Therapeutic Corporation is committed to voluntarily limit our final
product donor exposure to the 60,000 limit with minimal yield losses by the
end of 1997. As discussed in the previous sections all of the processes are
interrelated and reducing plasma input would effect the production cycles and
schedules for all of the products. Moving to the lower limit of 15,000 donation
exposures or 5,000 donation exposures would require extensive
capitalization and construction in order to prevent output loss. The amount of
land, equipment, utilities and human resources would have to be increased
before full production could be resumed. All of the manufacturing expansions
would need to be planned, validated and then an extensive establishment
license application procedure with the FDA would need implementing.
Changes of this magnitude in a pharmaceutical manufacturing industry
normally require @ minimum of five years before license approval can be
obtained.
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IV. SAFETY AND PLASMA DERIVATIVES
A. Safety Related to the Size of Plasma Pools

The issue of safety as related to the size of plasma pools was first expressed
at the March 1995 meeting of the Blood Products Advisory Committee when
Dr. Lynch presented the results of his modeling on the risk to one-time and
chronic recipients with agents of different prevalence and the size of the
plasma pools. It should be noted that a more precise term for reduction in
plasma pool size should be the donor exposure in a final container lot. We
have noted the various presentations made by FDA, consumer group
representatives and industry officials may be inconsistent with respect to the
term pool size reduction. At one point in the earlier discussions, pool size
reduction was interpreted to mean the reduction of the plasma pooling
operations, with no impact on the combination of intermediates during the
purification processes or the addition of Albumin (Human) as a stabilizer as
described in the previous section. To prevent confusion, the reduction in
donor exposure will be discussed in our written testimony. To be absolutely
clear, donor exposure is different from dopation exposure. Donor exposure
counts the number of donors in a final container lot. Donation exposure
would count every donation in a final container lot even if the purified protein
from several donations from the same individual were included in the final
container lot. For the record, Alpha Therapeutic Corporation does not concur
with the FDA's proposal that there should be two standards, one for Source
Plasma and a different standard for Recovered Plasma.

Let us review the concern of safety with respect to donor exposure.

Dr. Lynch from the Office of Blood Research and Review published an
article® in Transfusion which mathematically modeled the risk of exposure to
a pathogenic agent when donor numbers increased and the prevalence of
the infectious agent varied. The author makes a statement that is the
foundation for our testimony “Compared to other measures, such as donor
screening and deferral and virus inactivation or removal during processing,
restricting the manufacturing scale would be a relatively ineffective measure
for improving safety.” The only case when limiting donor exposure may be
marginally beneficial is for one-time recipients for the emergence of an un-
known infectious agent with extremely low prevalence for which the current
manufacturing processes do not inactivate or remove that agent. As an
example, Dr. Lynch and his co-authors calculate that for an agent with a
prevalence of 1 in one million, a maximum donor exposure of 10,000 donors
would yield a 1 in 100 chance of exposure to that agent for a one-time
recipient. Is a 1% risk an acceptable level of risk? The number of
independent infusions to obtain a 100% risk of exposure for the lifetime
recipients of plasma derivatives is very quickly reached and is not
significantly decreased by reducing donor exposure. The prevalence of CJD
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is probably in the order of 1 in 50,000. Table 1 from the Transfusion article is
partially reproduced below to ilustrate the marginal effects of reduction of
donor exposure:

Table 1. Effect of manufacturing scale on risk of exposure

Scale of manufacturing Number of independent infusions
(number of donors) 1 10 100
Prevalence of agent = 1 in 500,000
60,000 11% 70% 100%
25,000 5% 39% 89%
10,000 2% 18% 86%
6,000 1% 1% 70%
2,500 0.5% 5% 39%
1,000 0.2% 2% 18%
- Prevalence of agent = 1 in 50,000
60,000 70% 100% 100%
25,000 39% 99% 100%
10,000 18% 86% 100%
6,000 11% 70% 100%
2,500 5% 39% 99%
1,000 : ’ 2% 18% 86%

The authors of the paper made several assumptions in order to make any
mathematical calculations. Two important assumptions were that (1) there
was no difference in exposure and infectivity, and that (2) the process did not
aiter the exposure or infectivity. As stated by the authors, the risk of
exposure does not necessarily equateto the risk of infection. Rather, in all
cases, risk of exposure is greater than or equal to the rate of infection. Thus,
this model presented provides worst-case estimates of risk. These
assumptions can be made to allow for worst-case mathematical modeling but
‘are niot supported by actual data. A-review of the most recent transmission
of a viraj agent by a plasma derivative will help illustrate that infectivity does
not equate with exposure. The example is the transmission of hepatitis C by
an Immune Globulin Intravenous (Human) preparation, Gammagard®. Dr.
Bresee and his colleagues presented an analysis® of the seroconversion of
recipients of Gammagard® showing that the risk of seroconversion for
markers of hepatitis C increased with the number of HCV RNA-positive lots
infused and the quantity of HCV RNA material infused. Importantly, not all
recipients were infected as the highest percentage of seroconversions seen
with the highest levels of HCV RNA infused did not exceed 30%. The
reasons for not observing seroconversions in 100% of the recipients may, in
part, be attributed to the fact that infectivity does not equate to exposure.
There are many factors that contribute to the loss of infectivity - from the
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recipient’s susceptibility to the reduction of infectiousness related {o steps in
the manufacture of the product. Furthermore, the data presented in this
article support two more effective safety measures: (1) implementation
of viral inactivation and removal methods in the purification process,
and (2) implementation of polymerase chain reaction testing for HCV
RNA in the final product.

in consideration of the second assumption, the purification processes
contribute to the elimination or reduction of infectious agents in the final
product plasma derivatives. An example is reduction of human
immunodeficiency virus during the Cohn-Oncley fractionation process as
described in elegant experiments performed in government and industry
laboratories.**7* Although these steps had been part of the purification
process, the steps contributed significantly to the safety of the products as no
cases of transmission of HIV through Albumin or Immunoglobulin products
have been found. Other steps, added as specific virus inactivation steps,
such as solvent-detergent treatment have inactivated or removed specific
viruses and have been found subsequently to inactivate or remove other
viruses. For instance, solvent-detergent treatment for coagulation products,
studied in over 400 recipients, showed no evidence of infectious agent
transmission.® Dr. Horowitz and colleagues presernit data for over 3.8 million
doses of Factor VIl without transmission of lipid enveloped viruses such as
HIV, hepatitis B or hepatitis C.

It is vitally important to consider and test the hypothesis before changing a
validated manufacturing process. An example of a change postulated to be
beneficial - that of screening plasma for fractionation for the absence of
antibodies to hepatitis C virus - upset the delicate balance of safety for one
of the immunoglobulin products. This example reminds us of the need to
develop tests for antigens or viral particles; antibodies to pathogenic agents
are desirable to complex viruses in the process and fo protect recipients from
infection, especially immunocompromised patients receiving
immunoglobulins. Furthermore, Don Tankersley, in his presentation before
the Blood Products Advisory Committee in December 1996, described his
concerns that reducing donor exposure through reducing the manufacturing
scale may have the opposite effect of decreasing safety.”® He cites the effect
of dilution, and the presence of neutralizing or complexing specific antibodies
or fortuitous antibodies as factors that could be detrimentally affected by
reductions in manufacturing scale.
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Alpha Therapeutic Corporation has already implemented practices to limit the
number of donors represented in our final container lots to not more than
60,000 donors. These practices are in compliance with Current Good
Manufacturing Practices and assure the consistency of our production
methods. Some of the manufacturing scales for our products are well below
the limit stated above and will remain so. We remain committed to working
with regulatory authorities to constantly enhance our margin of safety through
implementing the best measures as early as possible. However, we can not
condone the change of validated methods without careful consideration of the
consequences for both product safety and efficacy.
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IV.  Safety and Plasma Derivatives

B. Safety and Donor Selection

Source Plasma

All human piasma collected for the manufacture of plasma -erivatives
marketed by Alpha Therapeutic Corporation meets the requirements of the
US Code of Federal Regulations. These regulations include performing a
physical, obtaining a medical history, determining donor health status by
vital signs, total protein, hematocrit and periodic testing for syphilis (RPR)
and Serum Protein Electrophoresis (SPE). Donors, who exhibit “High Risk
Behavior” for AIDS and CJD are also excluded.

Alpha Therapeutic Corporation has voluntarily implemented higher
standards for donor requirements which involve participating in the
American Blood Resource Association Quality Plasma Program (QPP).
The QPP standards require donor centers to check a National Donor
Deferral Registry before allowing a donor to participate. Donors are also
screened for drugs and they are required to be a member of the
community. In addition to the QPP standards, Alpha takes an extensive
medical history from every new donor and as an additional precaution
against CJD risk, Alpha will not take donors older than 60 years and will
not take donors who have had a cornea transplant. Both of these
exclusions reduce the risk of collecting from a donor who is at risk for
CJD. Alpha accepts plasma for manufacturing from only “Qualified
Donors” that have had a minimum of two donations with all negative viral
marker tests.

Source Plasma {(Human} is collected at US Food and Drug Administration
(FDA) licensed plasmapheresis facilities. Alpha Therapeutic Corporation
{ATC) currently owns and operates 63 licensed plasmapheresis
establishments for the collection of Source Plasma {Human). Some
plasma may also be obtained from other US FDA licensed plasmapheresis
establishments contracted by ATC. All Source Plasma (Human) is
collected in the United States and all plasmapheresis establishments are
subject to periodic inspection by the US FDA to ensure compliance with
the Code of Federal Regulations (CFR).

All of the centers used for the collection of plasma are Quality Plasma

Program (QPP) certified and periodically monitored by the AmericanBlood
Resources Association, -
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All donations are screened at an FDA inspected and licensed central
testing laboratory owned and operated by ATC.

D Epidemiol { Blood-B Infecti
Plasma is not collected from areas or locations with high risk doror
populations. ’

All of the centers used for the collection of plasma are Quality Plasma
Program (QPP) certified and periodically monitored by the American Blood
Resources Association (ABRA). ABRA monitors viral marker rates and has
established a QPP standard that each center must meet before certification
can be issued.

An ongoing evaluation of the epidemiology at the ATC and contract
collection centers is conducted monthly. Results of Hepatitis B Surface
Antigen (HBsAg), HIV-1 antigen, antibodies to Human Immunodeficiency
Virus Types 1 and 2, and antibodies to Hepatitis C Virus {(HCV) testing
are included in the epidemiology statistics evaluated.

N f the Examinati X . i D

Each center, in accordance with the FDA approved procedures screens all
donors to ensure that each person is in good health and that the plasma
collected is not from a high risk population for blood-borne infections.
This includes examination for signs and increased risk of Acquired
Immunodeficiency Syndrome {AIDS). A review of the donor’s medical
history is conducted with a series of questions to determine any
affiliations with groups known to be at greater risk for contracting AIDS.
Copies of the donor examination form and screening questions follow on
the next two pages. Both of these forms have been reviewed and
approved by the FDA. These examinations and donor interviews are
conducted in a voluntary self-exclusion confidential setting.
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HIV HIGH RISK QUESTIONNAIRE

Do you have AIDS, or have you ever had a positive test for the AIDS virus (HIV)?

Have you ever taken illegal drugs with a needle, even one time?

Have you taken clotting factor fora ing disorder such as philia?
At any time since 1977, have you taken money or drugs ‘or.=2x?
Mate donors: Have you had sex with another man, even one time since 19777

Female donors: .In the last 12 months have you had sex with a man who had sex, even one time
since 1977, with another man?

Have you had sex In the last 12 months with anyone who has AIDS or has had a positive test for
the AIDS virus?

Have you had sex in the [ast 12 months with anyone who has ever taken illegal drugs with a
needie?

At any time in the last 12 months, have you given money or drugs to anyone to have sex with you'

At any time in the last 12 months, have you had sex with anyone who has taken money or drugs’
for sex?

Have you had sex in the last 12 months wiir anyone who has taken clotting factor concentrates fo:
a bleeding disorder such as hemophilia?

In the last 12 months, have you had syphilis or gonorthea, or have you been treated for syphilis or
gonomhea?

In the last 12 months, have you received bioca or blood products by transfusion for any reason,
such as an accident or surgery?

Were you born in or have you lived in any o the following countries since 1977: Cameroon,
Central African Republic, Chad, Congo, Equatorial Guinea, Gabon, or Nigeria?

If you have traveled to any of the above countries since 1977, did you receive a blood transfusion
or any medical treatment with a product made from biood while you were in those countries?

Have you had sexual contact with anyone who was bom in or lived in the above countries since
19772

In the last 12 months, have you been an inmaie of correctional institutions (including jails and
prisons) or been incarcerated for more than 72 consecutive hours?

Donor Name

Initials of person history: Date: -
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q ine Period and P

Alpha Therapeutic Corporation, in participation with the industry has
voluntarily agreed to hold plasma in quarantine for not less than 30 days.
This quarantine wili be extended for not less than 60 days by the end of
1997. This quarantine adds another layer of safety in that a donor’s
plasma can be retrieved from manufacturing should the donor
subsequently test positive for a viral marker screen or new information is
gathered concerning the safety of that plasma. This allows for a
significant reduction in viral bioburden levels as the period immediately
prior to antibody seroconversion is usually the period with high virus
levels in plasma for blood borne-pathogens. For HiV the window period
between infection and seroconversion is thought to be 22 days. For the
HCV virus this seroconversion period is thought to be 98 days and for 56
days for HBV.

All units of Source Plasma (Human) collected by ATC and the contract
centers are held in quarantine until each unit is visually inspected and
each unit is verified with the test record to be non-reactive. Only after
this inspection and all screening tests are acceptable can any plasma be
released for manufacturing.
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V. SAFETY AND PLASMA DERIVATIVES
C. Safety and Plasma Testing

All tests for markers of infection for all Source Plasma donations collected
by ATC and contract plasmapheresis centers are performed at Alpha
Therapeutic Corporation’s FDA licensed testing facility located at 5700
Pleasant View Road, Memphis, Tennessee 38134.

T i Specificati
\ndividual Donati

A sample of plasma is taken from each donor at the time of each donation
and tested for the presence of Hepatitis B surface antigen {HBsAg),
antibodies to Hepatitis C {Anti-HCV}, HIV-1 antigen and antibodies to HIV
Types 1 and 2 {Anti-HIV). Donors with repeatedly positive test results
are rejected from further donations. The positive unit and all previous
donation plasma units not pooled for manufacture in the preceding twelve
months are retrieved and the plasma cosignees are notified according to
federal regulations.

The plasma sample is also tested for the level of the liver enzyme alanine
aminotransferase (ALT). ALT may be an indicator of liver disease and or a
viral infection. Plasma units with unacceptable ALT levels are not
acceptable and are subsequently dispositioned according to ATC written
procedures. The donors are also deferred from donating.

Alpha Therapautic Corporation continuously explores the most sensitive
and specific test methodologies for indication of health status. We
collaborate with other diagnostic kit manufacturers to study these test
kits. We encourage test for antigens and viral nucleic acids rather than
antibodies as removal of antibodies may be detrimental to the safety
margin of our products. Furthermore, the presence of antibodies to
specific viral antigens may be important in the prevention of disease in
immunocompromised patients when treated with immunoglobulin
preparations.

Individual plasma donations are tested as follows in the table found on the
next page:
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Table 4. Testing Algorithm for Testing Plasma Donations

Test/ initial Test | Action Taken Action Takan
Fragua: Result
TIV-12 Aebbady | Non-Reacive
dorwbor) 1 ]
o o both Reacive ‘permanent rejection of doror
HIV-172 Reacing, i Bit Postive ‘permaneed rejection of donor
HIV-172 Reaciive, HIV-1 Wasiae Blot ‘permanent rejection of Gonor
et or Negetive,
HIV-2 Nor-ewctive
FIV-A7Z Reactivs, HIV-1 Wesierm Bt ‘permanscd rejection of donor |
Incesmmiviste of Negative,
H
HIVA 24 ‘Non-Reacive
ligeny
(Bvary. Honauon)
Reaclive
HBsAg Non-Reacive
donation)
Fsacive
TV Antbody Non-Rescive
{ovary donaion)
Reactive
AT T <2x Upperint
overy donation} | _of normat o
2.2 x Upper imit
of ronmat
RER {Coaiiatve) | Non-Resctive
foe tirw SONCHE
el every four Reacive
(nontha
SPE “Abnorman

All tests of individual donations are performed at the Memphis facility in
accordance with the manufacturer’s instructions.

Mini-Pool Testi

As an added precaution-against the-inclusion of any Source Plasma that
may contain undetectable HIV virus, ‘Alpha Therapeutic Corporation
performs mini-pool testing for the HIV antibody.

Each donation tested according to the previous section is further checked
for anti-HiV in supplementary testing. This testing utilizes “mini-pools”
derived from samples of 64 donations and. an alternative test kit to that is
for testing individual donations. If this derived mini-pool of 64 samples
tests reactive for anti-HIV, then the reactive sample(s) are identified by
individual sample testing, using the alternative test kit, according to the
scheme given in the previous table,

Plasma units corresponding to test samples that are confirmed reactive
for anti-HIV at individual sample testing are rejected. The donors=
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associated with the reactive unit are deferred in accordance with the FDA
guidelines,

A summary of the mini-pool sample testing is given in the following table:

Table 5. Testing Algorithm for Mini-Pools

Test initial Test Action Taken * Retest Result . Action Taken
_quuency Result

HIV Types 1 Non-Reactive | Accept aif mini-

and 2-1/2 pooled units for

Ab/ fractionation

{64 sample

mini-pools}

Reactive Retest individuat i plof: Reject o
i identified Accept non-reactive donation:
Reacti pl gregate all mini-pooled units
not identified pending further tests/
investigations

Testing of mini-pools is performed at the Memphis facility

PCR Testing

Alpha Therapeutic Corporation has received permission from the FDA and
has begun clinical trials on the ability of the most sensitive test available,
polymerase chain reaction {PCR) in mini-pools to detect viral nucleic acid
material from both the HIV and HCV virus. The PCR method for testing
requires that 8 sample of pooled plasma be taken, then processed such

that if there is any of the virus’s genetic code within the sample it will
multiply to detective levels.

Early in infection, the level of viremia is normally at its highest and
antibodies have not been produced in detectable amounts. The period of
time in which the donor has been infected by a virus but the antibodies
cannot be detected by normal diagnostic testing is known as the window
period. Because PCR testing detects at the virus genetic level, donors
can be identified in days or even months sooner than if only the traditional
test is performed and thus closing the window period.
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DONOR NAME, AGE __  SEX__ W% e
e - "
HISTORY
VESTWO | VEs THo | YESTRo
HEART DISEASE PREGRANCY AULERGIES :
LUNG DISEASE, ASTHMA, EMPHYSEMA | comouss WEIGHTLOSS »
HEPATITIS OR EXPOSURE TO HEPATITIS REQUIRING AN iNJECTION. DRUG SWOLLEN
JASINDICE, LIVER DISEASE ADDICTION GLANDS
IGH BLOOD PRESSURE OisEASES. DIARRHEA
DIRBETES MELLITUS CANGER méﬁ oR.
KIDNEY DISEASES MALARIA MEDICATIONS
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Manufacturing Pools / Sub Pools

All cryo-poor plasma pools are tested by Alpha Therapeutic Corporation
utilizing the most recent generation of FDA licensed test kits intended for
the detection of antibody {HCV and HIV Types 1 and 2} or antigen (HBV}
in donations of human serum or plasma. Additionaily, all cryc-poor
plasma pools will be tested using an alternate HIV antibody test kit.

Testing is performed at Alpha Therapeutic Corporation’s on-site laboratory
located at our manufacturing facility, 5555 Valley Boulevard, Los
Angeles, California, USA.

Test kits in used are as follows:

Table 6. Test Kits Currently Used by Alpha Therapeutic Corporation

Test D ption/ Manuf i FOA Test Used For Screening
License donations  mini- mig.
Number pools pools

Genetic Systems second 978 v NA I'd

HIV-1/HIV-2 EIA 172 EIA

Abbott third 043 H ' ¥

HIV-1/HIV-2 (rDNA} 1/2 EIA

Cambridge Biotech first 1063 1 NA 1

HiV.1

Western Blot

Genetic Systems third 978 v NA v

HBsAg EIA 2.0

Abbott third 043 v NA t

AUSRIA® i1-125 Antibody to

Hepatitis B Surface Antigen'?®

{Huran)

ORTHO second 156 v NA v

HCV 3.0 ELISA

1 If indicated by tast results for mini-pools or pools.
% If indicated by EIA resuit
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System to Track the Path of any Donation

ATC has a numbering system in place which enables the path taken by
each donation to be traced from its origin {the donor) through to the
finished products. Each donation collected from each donor is assigned a
unique alphanumeric code {bleed number) which is associated with the
record of plasma collection, the labeling of the unit of Source Plasma, the
labeling of any plasma test samples, all documentation of test results, and
the manufacturing records for finished products.

For all viral marker testing, each center must check their records and
report twelve months of look-back information {identification of any
plasma units that originally tested negative for a viral marker but collected
from a donor who subsequently tests positive for a viral marker). All of
the units of plasma not yet issued to a manufacturing pool are
segregated, quarantined and subsequently dispositioned according to FDA
guidelines. Any consignees of affected Source. Plasma are notified of the
donor’s current status.
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IV. SAFETY AND PLASMA DERIVATIVES
D. Safety and Virus Inactivation

Alpha Therapeutic Corporation (ATC) recognizes that there is not any
current technology to ensure that all pools of plasma may be free of ali
known and unknown viral contamination. Therefore, ATC has developed,
improved and continues to seek new methodology and technology to
inactivate virus during the manufacturing process. ATC participates with
an industry consortium to share new technologies and communicates
with experts in the fields of virus inactivation to find better ways to
remove viruses of all types.

The FDA mandates the viral inactivation step of heat treatment
(pasteurization) for albumin products. Alpha has also developed a method
for heat treating the Factor VI during the manufacturing process which is
effective in virus inactivation. Alpha also uses a solvent detergent
process to inactivate viruses such as HIV, HBV and HCV very efficiently.
Other viruses such as hepatitis A and the parvovirus appear to be more
resilient and so Alpha has developed nanofiltration to remove the viruses
bases on size. In additional to these methods, the actual manufacturing
process of partitioning the proteins from the plasma also assists with
Alpha’s goal of maximum virus removal. The following charts summarize
the effects of Alpha’s virus inactivation during manufacturing of the
products.

Rt
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Table 7. Summary of Viral Inactivation/Removal Steps
for Albumin (Human)

alphat
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Removal Step

Virus (Reduction)

HiV-1 | HIV-2 | BVD IBR EMC PPV
(HCV) | (HBV) | (HAV} | {B-19)
Pasteurization, 5% >8.8 N/D 25.9 6.7 6.5 N/D
Fraction IV Filtration | N/D N/D 3.5 25.6 5.4 3.2
Total Log Removal | >8.8 29.4 >12.3 | >11.9 3.2
Removal Step Virus (Reduction)
HIV-1 | HIV-2 | BVD IBR EMC PPV
Pasteurization, 20% N/D N/D >6.9 26.9 >6.0 N/D
_Eraction IV Filtration N/D N/D 35 >56 54 3.2
E’?otat Log Removal 2104 | 2125 | 2114 | 3.2
Removal Step Virus {(Reduction}
HIV-1 | HIV-2 [ BVD IBR EMC PPV
Pasteurization, 25% | >7.9 6.5 26.9 >6.8 >6.0 N/D
Fraction IV Filtration | N/D N/D 3.5 >5.6 54 3.2
Total Log Removal | >8.3 6.5 2104 | 2124 | 2114 3.2
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Table 8. Summary of Viral Inactivation/Removal Steps
for Alphanate

Removal Step Virus (T-!educﬁon)

HIV-1 | HIV-2 | VSV Sindbis| BHV | Polio | CPV | BVD | HAV
{HCV) | (HBV) | (HAV) | {B19) | (HCV)

3.5% PEG precip} <10 N/D N/D N/D 1.0 33 12 <1.0 ND

HSolvent/Detergeni >10.0 | >6.0 | 2838 | 264 | 280 ND N/D 4.5 N/D

Heparin Column| 2.0 N/D N/D N/D 7.6 <1.0 <1.0 <1.0 N/D

Freeze Drying | N/D N/D N/D ND 1.3° 34° | <10" | <10" | 19°

Dry Heat N/D -{ ND N/D N/D 24° | 225° | 41° | 249" | 26.1°

Total Log 2120 | 260 | >68 | 264 | 2190 | >9.2 53 294 | 28.0
Removal

N/D = Not Done
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Table 9. Summary of Viral Inactivation/Removal Steps
for AlphaNineSD and PTC-SD

Removal Step

Virus (Reduction)

T
Sindbis| VSV | PPV | HIV-1 | HIV.-2 | EMC |Reovirus| PRV | HAV
(HCV) (B-19) (HAV) {HBV)
DEAE Cellulose
Chromatography | 14 | NlD | 1.8 | NID | N/D | ND | NP ND | ND
SolventiDetergent | 253 | 24.9 ND 21221 »6.0 | NID N/P 25.8 N/D
Two Dextran Sulfate
Silica Columns 4.7 N/D 26 N/D | ND | ND N/D N/D N/D
Viresolve Filtration** | N/D N/D 3.8 ND | ND 39 4.3 N/D >4.4
Total Log Removal | 2114 ] >4.9 8.3 212 | 260 ] 3.9 4.3 >5.6 | 244

N/D = Not Done

**Not applicable to PTC-SD
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Table 10. Summary of Viral Inactivation/Removal Steps

for Venoglobulin®$
Removal Step Virus (T!eduction)
HiV-1 | HIV-2 [Sindbis| VSV |Vi HCV | PPV | EMC
Solvent/Detergent | 2100 | 268 | >59 | 255 2.5 3.0 N/D N/D
4% PEG Precipitatio}] 2.0 N/D 1.9 3.9 45 4.0 25.1 23.7
Bentonite Filtration | N/D N/D N/D N/ID N/D | N/D 3.3 24.8
Cohn Oncley ’
HEthanol Fractionatio | 11.0 N/D N/D N/D N/D N/D N/D N/D
| Totai Log Removal] >23.0| >58 | >7.8 | 84 | 7.0 7.0 | 284 | 28.5

N/D = Not Done
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V.  SAFETY AND PLASMA DERIVATIVES
E. Safety and Product Testing

The FDA has mandated that before any final product lot can be released,
it must be tested for sterility, potency, purity and safety. The final
product must also be stable throughout its expected and approved shelf
life. Therefore the product is periodically tested to be sterile, potent,
pure, and safe for the duration of its shelf life.

Alpha Therapeutic Corporation has also decided that every product lot
released should be tested one more time to ensure that there were no
GMP errors during the testing of the plasma, testing of the pools, and
during the.manufacturing of the plasma. The following tests are also
- performed on every final product lot before it can be released for use:

Table 11. Voluntary Testing Performed on Final Products

-Antibody Testing Surface Antigen PCR Viral Testing
Testing
HIV HBV HiV
HCV HAV
HBV
HCV
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IV. SAFETY AND PLASMA DERIVATIVES
F. Safety and Patient Monitoring

Alipha Therapeutic Corporation continues to monitor the safety and efficacy of
its licensed products through marketing surveillance and on-going clinical
trials long after receiving FDA approval. We are actively involved with our
recipients and their health care providers to supply current education on the
risks and benefits of infusing our products.

Alpha Therapeutic Corporation monitors recipients of our products through
the marketing surveillance system established and regulated by the FDA.
This system asks recipients or health care providers to voluntarily report any
adverse side effect associated with the administration of a pharmaceuticat
product. These side effects are usually reported to the company, but
occasionally become known from information provided to the FDA or another
compary. These reports of adverse events are tracked and investigated as
required by regulation and our established procedures. We report serious
and unexpected adverse events to the FDA within 15 days. We evaluate our
reports for increased frequency and provide periodic reports to the FDA with
analyses of all marketing surveillance data. We cooperate fully with
regulatory authorities around the world to investigate and take proper
corrective actions to prevent unsafe administration of our products.

Alpha Therapeutic Corporation voluntarily continues on-going clinical trials of
most of our licensed products to monitor the safety and efficacy of these
products as we implement improved processes. We currently have on-going
clinical trials for Alphanate®, AlphaNine®-SD, and Venoglobulin®-S. For
some of our clinical trials, Albutein® has been infused as a placebo. During
the course of these trials, we monitor recipients for acute adverse reactions,
longer-term reactions and seroconversion to known viruses. To date, the
results of our clinical trials support the safety of our currently marketed
products.

Patient monitoring may be a very effective method to maintain our vigilance
for newly emerging pathogenic agents. The Centers for Disease Control and
Prevention (CDC) has funding to monitor the hemophiliac population for viral
epidemiology. Alpha Therapeutic Corporation encourages the rapid
expansion of this surveillance system. We met with CDC staff a year ago to
lend our support and cooperation to this effort. The CDC is also conducting a
study of hemophiliacs who have died recently to evaluate the risk of CJD
transmission by Factor Vill concentrates. We pledge our cooperation with
the CDC in their investigative efforts.
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Alpha Therapeutic Corporation believes that the most likely population to
succumb to a newly emerging pathogenic agent is recipients of untreated (not
virally inactivated) blood components. We encourage the National Institutes
of Health to support research into better detection methods and inactivation
or removal steps for newly emerging agents. We encourage the CDC to
conduct long-term surveillance studies with recipients of blood products. Part
of these surveillance studies must include samples of biood from donors so
that testing can confirm the transmission of a pathogenic agent.

Alpha Therapeutic Corporation supports a wide variety of educational efforts
in the health care community on the proper usage of our products as well as
their risks and benefits. We supply educational materials to health care
providers for patients. We provide medical staff to handle questions and
emergencies. We present the results of our research at scientific and
medical meetings and in scientific journal articles. More importantly, we send
representatives to accumulate knowledge from other scientists and medical
personnel to constantly monitor the state of knowledge with respect to the
testing, manufacture and usage of our products.
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V. PRODUCT RECALLS

One of the primary reasons for interest in limiting donor exposure is to reduce
the impact of the amount of material recalled. Intuitively a reduction in donor
exposure should limit the-amount of material recalled.. This is not the case for
products derived from plasma obtained by apheresis. Alpha Therapeutic
Corporation maintains licenses from the FDA that allow us to fractionate

. either Recovered Plasma or Source Plasma into most of our products.
Recovered Plasma is separated from whole blood donated from volunteer,
-non-remunerated donors. Source Plasma is obtained from volunteer,
remunerated donors by apheresis where the cellular components are
returned to the donor...Source Plasma may be collected in volumes up to 800
mL as approved by the FDA as frequently as twice per week. Recovered
Plasma is generally collected in volumes of approximately 250 mL and whole
blood donors may donate once every 56 days.

Alpha Therapeutic Corporation values highly the continued and frequent
donations from the same individuals. This assures that we are very familiar
with the health of the donor-and the donor has continuously tested negative
for markers of viral diseases. More than 95% of our donations are collected
from repeat donors. We see most of our approximately 300,000 donors at
least once per week. With these facts. a recall model for a newly emerging
pathogenic agent has been constructed. This calcutation is based on 2.4
million donations collected per year and a current donor exposure of 100,000
donations (similar to the currently reported values for our Venogiobulin®-S
products). We assume a prevalence of one in one million donors and that the
- implicated donor has donated plasma once per week.
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Table 12. Effect of Reduction of Manufacturing Scale on Number of Lots

Recalled
Calculation | 100,000 60,000 | 15,000 | 5000
‘Number of donations from 52 52 52 52
implicated donor
Number of donor exposures — 100,000 60,000 15,000 5000
Number of denors in plasma 5000 Fter tanks 12,000 6000 5000 5000
pool
Number of plasma pools per 200 400 480 480
year assuming same amount
of plasma processed with no
restrictions on manufacturing
resources
Number of imy d pl 52 62 52 52
pools
Percentage of implicated Nu':]be{e!;' 26% 13% 11% 11%
impl
plasma pools poolstotal
number of
plasma pools
Number of plasma pools donor exposure/ 8.3 10 3 1
combined for final container | on0rs in plasma
batch po .
Number of final container lots | number of 24 40 160 480
per year donations/donor
Number of implicated finat (number of final 6.2 5.2 176 52
container lots container
lots}{percentage
of implicated
pools)
Number of lots recalled integer 7 6 18 52

With this model, if one assumes a constant yield of product from a donation
of plasma we could calculate that the amount of product recalled from final
container lots representing 5000 donor exposures in units would be

approximately 72% of that recalled from lots with 60,000 donor exposures.
The amount of product recalled is not in direct proportion to the reduction in

manufacturing scale.

Upon examination of recent recalls for products derived from plasma
collected from a donor with a risk factor for CJD, the number of lots

associated is usually larger than the number of donors implicated. it should
be noted that all recalls conducted to date have been from donors of
Recovered Plasma. With a Source Plasma donor identified at risk for CJD,

® Because there are no combinations for the 5000 maximum donor exposureﬂodel, the
number of implicated final container lots reflects the number of implicated plasma pools.
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the number of lots recalled will increase depending on the frequency of the
donations.

A major criticism of this model is the assumption that the same amount of
plasma could be processed with unlimited manufacturing resources. In fact,
this is not true. We would be limited in the number of final container lots
based on equipment availability. Alpha Therapeutic Corporation has
calculated the impact on capacily to produce various products at the specified
manufacturing scales.

Table 13. Impact on Supply at Various Manufacturing Scales as Determined
by Donor Exposure for the Active Ingredient Only

PRODUCT 15,000 5,000
Alphanate® 43% 68%
AlphaNine®-SD 50% 50%
Venoglobulin®-8 31% 41%
Albutein® 10% 20%

The calculations presented in this table demonstrate the reduction when
modifying the manufacturing scale for the active ingredient only. Since
Albutein® is added to both our Alphanate® and Venoglobulin®-S products, it
is impossible to-predict the ability to manufacture any of these products with
reduced donorexposure limits beyond 60,000 without major changes in
equipment and processes.

Furthermore, Alpha Therapeutic Corporation believes that for unknown
agents or where we have no tests to detect potentially pathogenic agents, we
should take the most conservative precautions. We recalled a radiolabeled
monocional antibody product in clinical trials when we learned that a reagent
utilized-in cell culture was produced from plasma from a donor with an
identified risk for CJD.

Alpha Therapeutic Corporation has backed the initiatives developed by the
International Plasma Products Industry (IPPIA)} to improve the effectiveness
of our actions to remove products with a potential for a safety hazard from the
market. IPPIA is developing a widely-publicized WEB site and a network of
communications with consumer health care groups to provide information as
rapidly as possible. Alpha Therapeutic Corporation has cooperated with
regulatory agencies to define the appropriate actions. We have provided
resources to our distributors o ease the communications to the recipients of
our products. We encourage the regulation of all parts of the produsk
distribution chain to keep accurate records including lot numbers and .
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amounts of lots distributed. Because our products should be administered by
a physician’s prescription only after accounting for the risks and benefits to an
individual patient, we believe that a qualified health care agent shouid be
available to discuss the potential health hazards with individual patients in the
event of a recall or quarantine action. in the event that the recall is due to .
possible exposure to a pathogenic agent, the health care agent should give
information on the heaith risks to the patient and his contacts as well as
information on the type of medical support needed prevent adverse effects.
Thus, we support rapid dissemination of information through knowledgeable
health care providers rather than impersonal communications where affected
recipients may not receive proper individualized instruction dependent on
their specific medical history and needs.
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VI. CONCLUSIONS

Alpha Therapeutic Corporation supports continuous improvement in
measures 1o increase the safety margin with plasma derivatives. Our
company has implemented voluntary safety measures in conjunction with
industry standards to decrease safety risks with our products. Reduction in
donor exposure has only a marginal effect to reduce the risk from a very rare,
unknown pathogenic agent in one-time recipients only. We have
implemented many more voluntary, effective safety measures with a broader
impact:

QPP viral epidemiology standards to assure that the donor population is
one with low risk of viral agents such as hepatitis B, hepatitis C or HIV;

Extended medical examination supervised by physicians to assure the
continued health of cur donors and preclude donors with high risk
behaviors;

Qualified Donor program with at least two donations collected with all
negative viral marker tests and acceptable medical history;

Voluntary testing of samples from each donation for liver enzyme levels
as a marker for viral infection or liver disease;

Double sample identification to prevent test result and sample mix-ups;

Alpha currently holds donations for a minimum of 30 days and will be
holding donations for a minimum of 60 days by the end of 1997 to assist
in retrieval of units from a donor subsequently found to have positive viral
markers or other high risk factors;

Voluntary testing of mini-pools of 64 samples by a different test kit for HIV
antibodies to confirm the absence of test errors;

Alpha Therapeutic Corporation is a Principal Investigator on two
investigational New Drug Applications for the clinical trials of polymerase
chain reaction testing of mini-pools for the absence of viral nucleic acid for
HCV and HIV;

Voluntary testing of samples of manufacturing plasma pools for the
absence of hepatitis B antigen and antibodies for HIV and HCV;

Improved viral inactivation and removal steps with the recent addition of a

dry heat treatment step to solvent-detergent treated Alphanate® 'ahd a
nano-filtration step to AlphaNine®-SD.
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« Final product testing includes tests for the absence of hepatitis B antigén
and antibodies to hepatitis C and HIV;

» Polymerase Chain Reaction testing has been implemented on samples of
final container batches to test for the absence of viral nucleic acid for
hepatitis A, hepatitis B, hepatitis C and HIV; and

e Voluntary on-going clinical trials to monitor the safety and effectiveness of
our products.

All of these voluntary actions increase the safety of all of our plasma
derivatives for alil recipients.

We have committed to an upper limit of 60,000 donor exposures per final
container lot. Several of our products are below that upper limit and will
remain so. The further reduction of the upper limit for some of our products
requires careful consideration of the consequences on product safety,
efficacy and supply. Don Tankersley, a former FDA official responsible for
these products, has presented his arguments that as the manufacturing
scale is decreased, there is a reduction in the safety margin. These
arguments are based on the beneficial effects of dilution and the beneficial
effects of the presence of specific or fortuitous antibodies in the case of a
rare, unknown pathogenic agent. Alpha Therapeutic Corporation takes
seriously our responsibility to manufacture an efficacious and high quality
product. The effect of dramatic reductions in manufacturing scale may affect
the spectrum of antibodies present in immunoglobulin preparations
administered to immunodeficient patients. We are also concerned with the
inadvertent aiteration of the quality of our plasma proteins by changing our
processes validated through many years of safety and sfficacy. The process
changes required to significantly reduce the 60,000 upper limit wilt
dramatically affect supply with hundreds of patients unable to procure their
products. This supply impact will be hardest on patients in other countries
where patients have only recently been able to secure a constant source of
safe products.

With respect to the risk of transmission of the causative agent of Creutzfeldt-
Jacob Disease, Alpha Therapeutic Corporation has added additional donor
screening precautions over the mandatory screening questions. We ask the
donor history related to CJD and comeal transplant since corneal
transplantation has been one of the few times where CJD has been
transmitted. We have implemented a donor age limit of 60 years to reduce
exposure to donors with CJD. We continue to explore manufacturing steps
that will remove potentially pathogenic agents such as the prion agent of
CJD. We continue to explore the appropriate assays to test our processes
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for removal or inactivation of such agents. Even though there has been no
evidence to suggest that the causative agent of CJD is transmitted by
acellular blood products or plasma derivatives, Alpha Therapeutic
Corporation supports monitoring of blood and plasma derivative recipients for
early recognition of transmissible agents.

With respect to recalls or other actions due to potential health hazards, Alpha
Therapeutic Corporation supports rapid inform.ation exchange with recipients
of our products through knowledgeable personnel able to answer questions
with respect to an individual's medical history and needs. We encourage the
regulation of all points in the distribution chain to maintain accurate data to
rapidly effect a quarantine or recall action. We support the IPPIA initiative to
develop a widely publicized WEB site for plasma derivatives and a network of
communications with health care and consumer organizations.

Alpha Therapeutic Corporation has committed to cooperate with regulatory
agencies to implement the best measures to reduce or eliminate safety risks.
We will be ever vigilant in our quest for the safest and most efficacious
products technically available.
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July 28, 1997

Congress of the United States
House of Representatives
Subcommittee on Human Resources
Christopher Shays, Chairman
Room B-372 Rayburn Building
Washington, D.C. 20515

Dear Congressman Shays:

This is the Alpha Therapeutic Corporation disclosure requested in your July
17, 1997, invitation for the upcoming July 31 hearing. This disclosure is
based upon currently available and discovered information for the 1995 and
1996 fiscal years and as of June 30, 1997, of this fiscal year.

Veterans Administration - Contract no. VI97P-5218N

YTD (6/30/97) $292,710
FY 1996 $881,370
FY 1995 $606,742
Public Health Service
YTD (6/30/97) © $3,833,728
FY 1996 $4.828.641
FY 1995 $2,420,100

U.S. Department of the Army

YTD $0
June 2. 1995,

Pavment $468,083
November 15, 1994,

Pavment $311,577

Very truly yours,

Ido o

M. Sue Preston
Vice President
Quality and Regulatory Affairs

5555 Valley Boulevard, Los Angeles, California 90032, USA ¢ PH: (213) 225-2221 « TELEX: 488-73
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1946, it was carried out under contract, recommended by the Com.
wittee on Medical Rescarch, between the Office of Sclentific Re«
satch eod Development and [urvaed University, Since thra it fias
been alded by a grant recommended by the Panel an Hematalogy of
the Natiooal lustitute of Health,

(1b) This paper is Number 73 in the series “'Studies on the Plaams
Proteies™ from the Harvard Medical School, Soston, Massachu~
selts, ou products developed by the Departaent of Physical Chemis-
try from blood coliected by the Amevican Red Cruss, avd Number
X1X in the series “V'reparationand Propertics of Gerum and Plusma
Proteiny™ from the same laboratory.

(e} Prevent sddress, Department B Diochendistry, Syracuse
University Medical Schood, Syrecuse, N. Y.

{1d) Present -dd«u Citrus Ezperiment:Statiow, Riverside, Culi
foraie.

$1e) Present sddeess: Cobb Chemicsl Luboratory, Usiversity
o Virginis, Chariottesville, ¥irginie,

oxgamc precipitants (ethanot in this case), low .
temperatures (0 to —8°), low iomic:stren, of
electrolytes (below 0.16 mole per’liter), and
accurate control of the pH and protein, concen-
tration. In this work the albumins were con-
centrated in Fraction V, fibrinogen in' Fraction I,
most of the a-globulins in Fraction'IV-l and
1v-4. chtxon I + III contained isoagglu-
tinins, protl t ‘certain lipo~
proteins with propcrhs ascribed to the X-protcm
of plasma, as well as antibodies.?

The aim of this study was to devise ‘methods

{2} B, J. Cobm, L. B. Strong, W. L. Hugkes, Jr., D. J. Multord,
:"t:a,hhnﬂh. M. Melin and H. L. Taylor, Tars Jnunw, €3, 440

@) ™ of nuth -
Bodies was pointed out lu an earlier papee of 1his serics: B. J. Cubs, '
1. A Luetseber, Jr., JLM;.&H.M and )
Devis, fhid,, 62, 3398 (10402, - | ¥
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forhrgemlembfmcﬁmﬁmofumn:gm-
stituents of Fraction II + II Mé:od
useful and stable concentrates w) could then
be mad ilable for bt

Jo L. Opraiy, M. Mewin, D. A, Ricussr, J. W, Caneson anp P. M. Gross, JR Vol 73
§f the pH were about 7.6 and the jonic
into about 0.005. This jonic th was

hieved by resu Frinfig=) IL 4+ I

fand in & volume of this solvent to or twice that

the plasma from which it was obtained. The

sesulting precipitate (Ll?nctiou T + Iw)

1. ¥solation of Lip ki

Ap ro:imaﬁely uwee-qwten of the lipo-

+ !!I. Mmr:lne‘;:ts at low iomc ltrengt.hs

was carried out below pH 7, but almost none if
-tpl-l‘(.aonbwe,m could then be frozen and
'wlthlitﬂeotnodem n of the protein,

(0 005 to 0.02) indicated that both
in this

The
F v 110, The advn.ntages of this pro-

bearing! and ng protei
fraction had & ninimum solubxhty at about pH
5.9. Isolated lipoprotein fractions, however,
were usually isoionic near pH 5.5 (Table I).¢
The lipoprotein of Fraction II + III has the
peculiar px:?erty of sedimenting irf the ultra.
tnfuge th a rate that was very sensitive to
the density of the solution. Tlus behavior is
chamcmﬁc of the so-called x-pmtem of
fasma, first described by McFarlane,* and later

y Pedersen, ¥

Processing of Fraction II 4 III, as of whole
plasma, was made diffieult by the presence of this
lipoprotein, The total fraction could not be
dncd, or even frozen and thawed, without some

A ium sulfate fractionation
had yielded prcclpxtatu which either centrifuged
pootly? or rose to the surface.! Scparation of
the lipoproteins from Fraction II *+ III thus
becanie of the utuiost importance.

This lipoprotein fraction, Learing the carot-
enoid pigment, cholesterol aud most other
lipids found in Fraction II 4~ III, was extracted
almost quantitatively from the residue of plas-
minogen, prothrombin, isoagglutinins and -
globulins at 0.07 mole fraction (20%)!* ethanol

(4) We wre indebied 13 J. W, Meld of the Department of Dio-
chiensistry, University of Southern Caliloraia School of Medicine,
for these observations, which were carried out at the Harvard
Piasrua Fractionation Laboratery during the summer of 1044.

(5) Huglobutins isoclectric in this tange were reported early by
W. B, lerdy (J. Phyril., 33, 251 (1008)), J. Mellauby (ibid., 83,
338 (19031, H. Chick, tBincker. J., 3, 281 (1914)), asd B. J. Coba
(2. Gen. Physiol,, 4, 837 (1922)}, and more secently by A. A. Orees
Tris Jovanar. 80, 1108 (19331}, The 2-gicbuling av & whole were
reported by A, Tischiu (Bischenc, Z., 3L, 313, 184 (HINY; (Trans.
Fureday Soc., 83, 824 (1937)) 10 be hsoelectric mear #H 5.5

5} A, 5. McPartane, Biockem, J., £8, 407, 660, 1175, 1203, 1305
938y,

{73 K. O Pedersen, ” 3 Studi S
Fractions,” Almgvist sad Wikaells, Bokiryeked AB, Upsaiz,
Sweden, 1045: . Phys. and Colloid Chem,, 81, 158 (1947,

{8} Solutions containing 807% of X-protein in the uitracentriluge

Bave been shitained in xame of the euglobulin lipoprotein fractions,
whick were found by electropharesia to consist fargely of Si-globutin.
Turther purification in the #
Fas given iractions atill haviog the sechmentation behavior of X-
protein aud containing as much as 97% M-globulie.?

9) J. L. Oacley, G, Scatchard and A. Drows, J. Phys. Colloid
Chem., 83, 184 (1947).

{10) L. Pillemer, during the time he was working at the Harvard

eedure, which yielded both a lipoprotein con.
centrate soluble in aqueous solutions and a Lipid.
poor precipitate, were 5o great that it became the
first step in our subfractionation of Fraction
II < XII (globulin methods 8 and 9).

The extracted lipoproteins were precipitated
at 0.09 mole frac ethanol, pH 5.6 to 5.9.
Because of its very low de.nmy. quantitative
separation of lipoprotein from the suspension
was somewhat diffienlt,® but was more complete
in the presence of traces of calcium ion. The

resulting lip @ large
percentagd of f-globulin, end 60 to 70% of e
fraction beliaved as X-protein in the ultracentri.
fuge. Analyses revealed about 35% total lipid,
about half of which was cholesterol and cholesterol
esters, Materials with " the properties usually
ascribed to *‘plasmin inhibitor” and “antitbrom-
bin"" were found in this fraction.t¢
* Fraction I{I-0, like Fraction II -+ III, could not
be dried from the frozen state without denatura-
tion. Most of the lipoprotein was, however,
by jon in a
large volume of water at an jonic strength below
0.002 and at a pH between 5.4 and 5.9. The
remaining protein (Fraction 11 + IHW) could
then be precipitated with ethanol, dried from the
frozen state, and reconstituted to give a satis-
factory solution.

. Isolation of y-Globulin Antibodies

Mony antibody molecules fall into the *
globulin class when studied by
Proteins of this group have the most a.lhlme
isoelectric points and the smallest electrical
charges at neutral pH values of any of the major
components of plasma. The y-pscudoglobulias

. from horse scrum’® have an isoelectric point
“near pH (.4, Human +-globulin of this iso-

electric point appears to be largely euglobulin,

13) Bomwe additional protein could be precipitated by lowering
the #I1 to 4.8 svd stightly locreasing the ethanol coscentration.
More albumin and a-glolsalin sad coosderably less 1ipid were fousé
in thin fraction.

{14) Nensarerments of satithrombin activity have been made by
J. T. Bdsll and 5. G. Miller, who siso have found
amousts of

Pissma Fractionation Labotatory, showed that iigh
of certuin agents, enpeeinily sucrose, seemed to reader such products
soluble to » considecable extent,
{11} G. S, Adair wod M. B. Adaic, J. Physiol., 103, I7P (1943).
{12} Ethanol tonceatestionn are cxpressed as mole fraction, and
@8 pee cent. by volume ut 26 sce Table I, refecence 3.

In Fraction IV-1.

* Basackusetts, FHE, Chapter IV,

(18) B. J. Cobw, T, L. MeMeekia, J. L‘On‘q I l(.Nl'dltl‘
W, L Hughes, Jr., T Jounnac, 63, 3388 (1040).
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/mw
sman ¥ doglobulin being Isoelectric mear
#4474 (Table 1),
“Tavrel
tsotonte Porwrs or Vamious Prormin Fracrions®
of
{Eof selction

. B-Clobulin
11-0-1,2,3:181 6.5 4.8
H1-0-1,2:5302-3,4 6.6 5.4
13-0-1:183-184 5.2 4.0
110-3:183-184 5.6 6.7
1110-4:5362-3,4 5.6 5.5
1I1-0-5:5362-3,4 6.7 6.6
NL0-5:AVLY 5.6 5.4

. +-Globulin
1111371 8.4 7.3
13-1LY3 8.6 7.2
1124371 6.5 7.6
222 8.5 7.4
111,2:180A4 6.3- T i
13,2:173 8.8 7.8
38w 8.4 7.4
1342 W3F 8.2 7.0

li; ggxmnined by mnsuriug ﬁxe #H of the pseurkuhbu-

hence representing the 1soxomc pmnts of {hue pmtems,
rather than the isoelectric points. CF. E. ; and

. T Edsall, "Proltaus, Amma Acids and Pepudcs as
ens and Dipelar Jons,” Rei; F 3
New Vork, N. V., 1943, p. 445, /f

Solubility studies have indicated that al!hough
y-globulin was readily precipitated by 0.09 mole
fraction (25%) ethanol at neutral reaction, its
solubility at pH a was considerably higher than
that of albuini was found to
dissolve cousxdcmbly more y-globulin than sodium
chloride of equal ionic strength, and both elec-
trolytes decreased solubility with increasing ionic
strength; results similar to those described for
the influence of neutral salts on casein and edestin

SUDBFRACTIONS ox HuMAN Prassa
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5.2. This was desirble because the y-globuling
sre more soluble under these conditions than at
mc&oas nearer neutrality, and the other com-
ts less, gince they have isoelectric points
this pH range (6.9 to£.8). .

At any £H an ethanol concentration was.
wlﬁ‘dx would permit sofution of at lust'
ag.of'y-giolmﬁnperhw.qndin-w h o g'

Beuuse of ?osnblc instability ot various anti-
body molecules at acid pH, most efforts at isola-
tion were carried out above pH 5. Reactions
acid to pH 4,7 led to appreciably increased solu-
bllily of g-globulin, unless the ethanol concentra-
ter than mole fraction 0.059 (17%).

H ue of about 5.2, 0.015 jonic strength,

‘n thanol concentration of 0.059 mole
Inctim (17%) gave & very satisfactory solubility
differential between the y-globulin and the other
components. A pH of 54, 0.005 lonic strength
in 0024 mole fraction ethanot (7.5%) was also
ry for this sef i A total Fraction

11 wag jprecipitated from the supematant by
mereusi:gg tlxe ethanol to 0.0F mole fraction and

Attempts were made to separate the 4-glo-
bulins in Fraction II into subfmcuons. Addition
of 0.03 mole/L, of sodium ¢ to thi
solution at pI 5.2, mole fraction ethanol 0.059
(!7%). and i xomc strength of 0.015,% led to the

ration of a fraction designated Fraction II-3.
‘A ter Praction 11-3 had been removed, the solu-
tion was  adjusted to pH 7.2, holdmg the ethanol
and ionic strength
formed under thesc condlhons was called Frachon
II-1, The «
precipitated at 0.09 mole fraction (25%) ethanol,
and was called chllon II-Z.

Some phy and im-
munclogical®® properties of these y-globulin
{mcuons have n.lready been’ recorded, Clinical

have d the of Fractions

126

at ‘reactions scid to their i ric points.t*
Great dependence of solubility upon the amount
of saturating body in the system, as was earlier
described for serum globulin® ™ ¥ has also been
obsen'ed and assumed to demonstrate the molec-
ular heterog ¥ of th

1I-1 and II-2 in prophylaxis against les and

Thelipid-poor, readily dneﬂ anbbody-nch Frac-
tion 11 < IIIW has formed an ideal starting
material for the separation of y-globulin {Fraction
i from  other compouents {Fruction 1iI).
The y-globulins have been extracted from these
components at pH values of 5.8 and Jower, usually

{37 We are indebted to Mra. M. K. Blsuchard of this Laborstoey
Por these studics,

(8} T. B. Osborue, Twms Journar, 24, 30 (1902);* T. B. Osborn
wad L ¥, Hurels, Am. J. Physiol., 14, 15141005) (or ibid., 13, 438
GR03); K. Linderstrym-Lang sed S, ms, Compi. rend, frav.
dad. Carlrberg, 38, No, 1 (1923).

{19) W. D. Hurdy, J. Physiol., 33, 251 (1905).

(20) ). Melunby, ibid., 33, 338 (1905),

(21) 8. I L. Strenson, Compt. rend. trav. leb. Carisherg, 18, No, 11
U23); Taa Joummar, 4T, 4GT (1025); “Proteins,” The Flcisch-
wano Laboratories, 1025, p. 1.

causing
d‘mmtﬂethlmdmﬂﬂdh.ud-ﬂdthdv-
sirabie to wse &s low & temperstuce as posibie Tor the separstion.
1. M, Woodruff, C. A. Janewsy aad W. Beresberg mede the earfier

asrays of depressor sctivity,  More recently O. Krayer sud bis ss-
sociates in the Department of Pharmacology, Harverd Medicet
Sehool, hnve e is0 been

mude by B. Shore and B, W, Zweifach of the New York Hospltal.

{23) The precipitation of +-globulin under these conditions wav
predicted [rom solubility studies,' and by work simultaneousiy car-
ried out st the University of Wiscomin ™ Practioe II-3 wes sot
exstrncted from Fraction 11 4 11T Iw the eaddier methods, which hed
beew curried wat s the peescoce of md-mmlntul
in lmd-lll-ﬂu‘uhlllurluklm

{34) M. ¥. Deutach, L. J, Gostlag, R. A. Alberty and J. W,
Williamy, J, Bial, C'kll-. ul. 108 (1940).

mu.ww-—. Pﬂ.-u,ﬂ.c.w“ﬁ
m‘) MquILM-m](_J cu-.lnm..u.

G0 J, F. Baders, fhid, $3 610 o4
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/
e idemic jaundice.”” Fraction II-3 has been
shown ef!ecuve in measles pmphy!ans." but

J. L. OnecLey, M. Meuiw, D. A. Ricazrr, J. W, CAMERON aND P. M. Grouss, Jr-

Vol n

Mthoughthmwnsnoneedtopunfythkeom
nent further, when it u prepared to yield
bia for clini 1 pu t the Fruc.

have not yet ‘been completed. Alt.houg‘l differ-

uons contmmng prothrombin which bave been
dned must be considered” only as shrﬂn_g

ences among these were
obsa-rved in the ubove-mcntloned studies, further
tak ?‘P" fﬂu' h mpow%‘ty f
en to explore more e ity o
0} {' o from one
another,

gt

material for further chemical investigations.
Pluma. or a fraction of plasma, has been
proteolytic by the use of certnin re:
ugmta’“ khe activated enzyne termed
bmlolysn). and the inactive enzyme (or pre-
cursot b} 37 Under most conditiuas

I, Separition of Isoaggluti F
and Plasminogen

Solubility studies of anti-A, anti-B and anti-

Rh isoagglutinins indicated a minimum solublhty

d with pro-
thzombm. The observation that pl
was adsorbed by fibrin made possible i m separation
from prothrombunof

near 8.3, and o strong action
salts in water or in cthanol-water

that pH, and at reactions acad to the :soelectm:

point®®  Under most
solubility of the fractions contnmxng the iso-
agglutining was considerably lower than that of
other «-globulins. Quantitative measurements
indicate, however, that less than 1% of even the
most lugh\v purified fractions were agglutinating
antibody.

nghl{epunﬁcd human prothrombin has thus
far not been prepared. However, as Mellanby's
important observations suggcsted it appears to
be a cuglobulin with a minimum solubility
near pH 4.8, dissolved by inost electrolytes in
aqueous solutions when the ionic strength was
0.08 mole per liter or greater.33* Most investi-
gators have reported inactivation of prothrombin
at reactions acid to pH 4.8 and alkaline to pH 10,
If it is assumed that human prothrombin has the
sane activity as the bovine prothrombin highly
purified by Sccgers and reported to be 1300
u./mg,* then {ractions with activities of less than
30 u./mg., routinely prepared in the course of this
work, contained less than 2% prothrombin.®*

{27} €. W. Ordman, ©. G. Feoaingy, Jr., sod C. A. Janeway, J.
Clin, Insest., 93, 541 (1944); C. A. Janewsy, Bull. N. ¥. Aced. Med..
21, 202 (19451 /. Am. Med Assoc., 126, 074 (1044); M, Grees-
berg, . Frant snd D. D. Rutstein, ib/d., 126, 944 {1940); J. Stokes,
Jr. and J. K. Neefe, did., 177, 144 {10455

(28} €. A, Jaeewsy, persons! commusication.

(20} “The preacare of xati-A and anti-B isaagciutiolas ia Fractioa
I 4 III was noted by W. C. Boyd, aud reported in some detail by
J. . Baderw, F. Clin., Furest., 33, 510 (1944), {cf. table on p. 515,
compiled by W, C. Doyd), end by L. Pillemer, }. L. Oocley, M. Metin,
J. Blliott and M. €. Hntchinson. J. Clin. Inoest., 23, 550 (1944).

(30) Stwlies of the anti-Rh isosgglutining have been nmcd out i

es gt g iie separs the 1soagglutmms from prb?e
the by ntdtfmg the different ssoelectnc points of these

. At pH 5.4 there were differences
in solubility, and the solubilities of the two com.
pouents to be separated can beadjusted to suitable

values by the varintion of the ionic stres of
an aguieous solutxou. Smce 1t hns bnen observed
that | less solub}

in soditn acetate buﬂ'ers" than in sodium chloride
solutmn with pH adjusted io the same value, and
since a specific effect of the acetate jon upon the
solubility of the isoagglutinius was not noted, it
.was found ad to use tate buffers
for-this step. This separation was cffected by
completely dissolving Fraction III im a smali
volume of acctate buffer of about 0.2 jonic
strength, and then precipitating the prothrombin
and plasminogen (Fraction [11-2,3) together with
most of the remaining fibrinogen and & part of
the other proteins present by diluting this solution

Institure of 3esih {defined in detasl in Minimum Requitemeats for
Deied Thrombis, National Iustitute of Heaith, August 28, 1945).
Sce the reportx vs the determinaiion of prothrombis in “Blood
Clatting asd Allied Problems,” Josisk Macy, Jr., Pousdetion
New Vork, 1848,

{3%) B. A. Desing, Jr., 7. Clin. fuvert., 33, 588 {1944}; 'C. T, Balley
and . D. Fagratinn, ibid,, 23, 391 (1944); P. D Ioprabamand O.T.
Balley, 7, Nearsnrt., L 33 (1948); ¥, D, Ingrabam, O. 7. Balley
and I B, Nulsen, (0id., £, 171 (1944); O. T\ Bailer, P. D, Ingrakam.
. Swenson, §. J. Lowrey sud E. A, m;.}r.,sm,,u,ut
(s -

{30} In Fractive 1183, the separstion of which is dauibed belaw,
B A Richert foutd a stow
te plaamin, ¢ven in sterile sotution, without the .adm. ol chlore-
focwm, streptokinase, or sny othet activator. The finsl concentration
of plaamin obtwiacd in this way was about one-third of the mazimam

with

collabworation with L. K. Di d, D of ¥ )
Children's Hogpitat, Daston, Mass.

{31} 8. A Kobat, private communication. See also B, A, Kabat
and A B. Rerer, J. Exptl. Med., 83, 207 (1043).

(321 For m discussion of the earlier literatuce see J. T. Edsall, R. M.
Fetry aod §. 1. Aemsirong, Jr., J. Clin. {nrest., 23, 857 (1944).

{33) A tecent survey of the properties of protbrombin hay botn
iade by W, If. Seegers, B. C. Loomis and J. M. Vandenbeit, Proc.
Soc. Laptl. Diok. and Aed., 66, 70 (1044); and Arch, Bischim., 6, BS
{1948). a

{34) The nasny of 4 briefly described
by Bdeall, Ferry snd Armstrong.’t  More recently, it has beea de-
fined dn termy of » stendard thrombia reference preparatios, whose
activity is Sxed by definltios. Tlis new thrombis walt is dentioal
within the linsits of experimental teror with the theombin enit de.
scribest by Scegers,t* aud bas beea officially sdopted by the Natiosal

o0 corapiete
treatraent ol Fraction [11.3 dld not give any lncrease in the rate of
in the Gael snount of activation, as compared with the contral
sawple witbout sddcd activator. This is perhaps cxpiaivable by
the fnct that the lipids prescnt in Fraction 11 +- 111 were previously
separated in Fraction 111-0. The lunction of the ctloroform {8
whale plasmn oe crade plasma fractions may well be due to Its extras-
on of fut sofuble inhibitors which normally prevent the spontaneous
conversion of plasminogea to plesmin,  For further discussion of the
proteclytle entyme wystces of plasms, ssc J. T. Bdsail, "Advances
In Protein Chemistry,” 3, $49-51 (1947). .

{37) 15 order Yo dexcribe the protease vystem the reviend termin
- ology sugpested by L & Chiristensen end C. 3. MacLeod, J. Ges-
Phytiol., 38, 558 (19431, bus been Tollowed,

(48) Those observations wre made by L. &iliemer. P. 3. Mullord,
1. T, Bdsalt, 5. G. Miller sed D A, Richess.
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with water to an jonic strength of about 0.03.*

The recovery of isoagglutinin in the super-
uatant solution from Fraction I1.2,3 was ae-
wm{,){;’sh«l Ly raising the pII to 0.3 (minimun
solubility of the iseagglutinius), aud B
swall anount of ethanol. The recovery of the
isoagylutinius was quite satisfactory, and the
precipitate so obtained (Fraction ITI-1) . was
dried from the fm;n state withiout deterioration,

Prothrombin and plasmi tod

SuBERACTIONS 0F HuMaN PrasMa
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for the fractionation of normal human plasma,
have also been applied with some success
to certain types of 1 human pl
and: to the plasma of certain animals, Modi.
ficntions of these hods may lead to more
satisfactory separations of the bl -
teins of different specics, because of their some.
what different concentrations and solubilities.
Method ! for preparing the total Fraction 11 4 X for
icat studies introduced In_ 3

I gen were sep
by dissolving Fraction 11123 in about 0.1 jonic
strength aogium chloride -and suflicient buffer
to bring the pH to abont 6.9. Under proper

weas jty 942, The pre-
cipitated Fraction I 4 IT1, removed and stored st s teme
perature of ~5%, contained npswximtely 35% protein by
weigat, 0.0062 mole fraction {18%) ethano!, and 0.06 jonde
strength of saits {largely sodium c‘hloride with some citrate

-3

conditions a fibrin clot® formed and was
by centrifugation. This clot fysed
at room tewny ¢, or after
in the cold roow, and contained a
the plasminogen. @ )
‘The supcrnatant solution from the clot con-
tained most of the prothrombin, which could be
reprecipitated by lowering the pIT and adding a
small amount of cthanol, or could be dried from
the frozen siate. Prothrombin was not stable
indefinitely, but could be readily converted 'to
thrombin by suitable agents.3*4

1V, Procedures for the Subfractionation of
Fraction Il 4 III¥

Studies of the subfractionation of Fraction IT 4
11T involving isoelectric precipitation at various
ionic strengths, but without the use of etbanol,
yiclded fuirly active prothrombin fractions, but
{uiled to yield rated autibody ining
fractions which were free of lipid. Various
methods involving precipitation with ethanol,
with careful control of the pH, ionic strength and
temperature, were then introduced. Only the
fast methods have led to the scparation of all
protein components in couditions approximating
the pative statc. For this rcason it lhas not
scemed desirable to describe in detail earlier

lacge part of

attempis at complete {ractionation. Since they -

suay be useful for specific purposes, however, they
have been briefly cutlined.*  Although developed

{39} These conditions sce very nearly those waed in the neiginad
Rieianby peocedure® A simiar procedure, wiing somewhat
Tower lonic strenxths, was used in the liolation of the T'1 tomponent
of corsplement trom guinrs pig aerum, L. Pitlemer, B, B, Beker, J. Lo
Oueley and B, §. Coba, 2. Expld. Med., T4, 207 {10410

40) If sulicient thrombin had been formed by converting wgents
In the plarme, spontencous clotting eccurred,
bin were present, « snall atcount was sdded at this paint,

{45} The products of thiz tysis of the Sbrin clot kave been stadied
by W. M. Secgers, M. 1. Nieft and J. M. Vandenbett, Arch. Biockem.,
1. 15 {1945), who found two il nponents called o and 8.
fbrin. The e-filwin, pI = 5.6, has an clertrophoretic behavior
Mlmilar to fheinogen; the A-Ghrin, pI = 4.2, is somewhat more Jike
-globulis or sltanmin.

I insufficient throme.

.

et B A i et o e
3 an utne 2 wm el ¢ -
in 2 few hours iy chilled to 0°, and dialyzed against 0.1 Al sodium
chiorice at 0 for two or three days with t

of dialysate to remove the cthanol present in the precipi-
tated material. During dinlysis & clot of fibrin usually
farmed wnd d b H ifugatl

way Y and
The precipitate was then washed with cold 0.5 Af sodium
chiocide nmicu,‘ o il and the solt-
o ol o,

tion was sdded
protein solution, containing only traces of ethanol, was ad-
justed to )5 A/ sotiumm chioride, approximately 15% of
protein bgﬁdry welght. It could be sterifized by Gltration
through Seitz type fiter pads. Thrombin wWas largely re
moved during clotting, and proturombin was removed by
the filtestion.

ethod 2 made available q-globulin and thrombin.
Praction I 4+ 11 was suspended in cold sodium chioride
solution, allowed to clot, snd clarified. hrombin
{Fs ) was d by adjusting to pH 4,7-5.3
and an ionic streugth of about 0.08. - The remaining «-
and g-globulin (Fraction [11+1) was removed at 0° by ad-
Justing the pH to 5.7, the ionic strength to 0.015 or 0.03
and the ethanol concentration to about 0.051 mole frac.
tion {15%). The volume used was about twice that of the
original plasma. The y-globulin {(Fractiou I} was then

P y the ctbanol t
mole fraction 0.091 (25%)

o
ole » which precipitated Fraction
prccipimed.
Method 3 &

By then adjustiog the pH to 7.0, Fraction II-1 was

of F I+ I
paste, clotting of fibrinogen, and removal of thrombin by
methods similar to those used in Method 2. Fraction 1511
was then reinoved at maore acid pH (5.2 to 4.5), Jower
wvolume {approximately equal to the volume of originsl
fhsma), and ethanol concentrations from 0.04 10 0.07 mole
iraction {12 to 20%) (Table II}. The total vy-globulin
¥ precipitated in one fraction, but in some cases.
11s1 andd 112 were d scparately. .
Method 4 involved suspension of Fraction 11 4 I jo a
wolume of woter twice that of the original plasma at pH
£.9, 0.005 jonie strength, 0°.  The resulting euglobulin
precipitate sepresented about haf the El?hm protein, aud
tobuli "

RS

Y
solution, precipitated by briuging the ethanol concentra«
tion te 0.1 mole fraction (30%,), contained large amounts
of «-globulin and lipoprotein. . :
Method § was developed to make isoaggiutinins gvail-
uble in good yicld. Suspension, clotting of fibrinogen, and
removal of p in were lisked as in Method:
2 and 3, except that Fraction I11-2 was precipitated at a
slightly lower ionic strength (0.06).  Fractios 111-1, con-

42 Ser L. B, Suong, ix of Cheovieat
Vol. 11, p. 8T1~672 The Interacicuce Hntﬁlnveﬂh, Inc, New
York, N. ¥, 1048,

(A3) The materinly and method used for these sublractionstions
are compirtely descriied in ref, 2. .

{46) Detudied procedures for carsying out mast of thess methods
bave brea published in the Dulletio of the Blood Substitutes Com-
wittee, Commitier on Medical Research, Office of Scientife Ree
wrarch wad Development. They will be

taining 8-globulin, lipoprotein and isoaggiutinin, was pre-
cipi i a volume 1.8 times that of the plasma -
wented, at pIT 6.3, 0.018 ionic strength, 0.028 mole frac-
tion (8%) ctbianol, 0°. The ethanol was removed by sus-
ing the precipitate in about 20 volumes of water at
¢, pH 6.3, and ionic strength less than 0.001. The v~
sulting Bpoprotein-rick precipitate could not be dried withe
out desaturation, but the paste be suspended in 0,15
A sodium chioride aod adjusted to pH 7.2, -The y-globu-
Ties was preci d as in Method 3. ST T
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Tavus I
< rOR THE S: or Fn. -1
FROM y-GLOBULIN Volume
Tosle  Ethenolconcn. peie. pered
streagt! 0
Method I mah  tiiiea ssvtfi'-) SE pidyma
2 5.7. 0.015-0.03 0.051 16 0 2.0
3a &.1 040 048 14 -3 1.0
ap* 5.2 059 . 040 12 -3 1.0
ac 6.2 .038 051 15 -5 0.9
n 6.2 .036 059 - 17 -3 K]
k):4 5.2 036 059 17 ~5 .9
3F 5.2 ,038 059 17 -6 -9
3G 4.8 038 076 20 -7 .8
an* 4.5 036 070 20 -7 .8
B 6.3 - 018 028 8 o 1.8
8 5.4 L1008 024 TE -2 0.7
8 5.2 018 058 17 -8 0.7
* The y-globulin fraction obtai ’fromtbu: diti
was found to contain iderabl Tobulin as & i

Method 6 was used to obtain a satlsinctory Isoaggiutinin
{raction when other fractions were not desi Fraction
1I 4 11T was suspended and taken to pH 63 001 iamc
strength, 0.024 mole fraction {7.6%) ethanol, 0°, an
volume about 0.6 times that of the original plhsma. Iso-
nmluliums were precxmmted nlun;: wllh Ilpopra n. The

was o pi 7.2 in waterat
0%, 0.005 ionic strength, and a volume 0.7 times that of
piasma.  Much of the hpoprotem and_«y-globulin were
soluble under these c but the i Te-
mained in the preci This
in 0.1 M soditm chlonda, and thrombin was nddcd to re-
move (ibrinogen as a fibrin clot.

Vol. 71

410.5 M disodiurn phosphate (£H19.2) has been added,
Fie suspens awﬁmm(ﬁomzmm-um.
lwl

Precipitata ﬁ itated from th tan!
Pred e supernatant

from pmdmlatz I 4 IH Wp

6.7, with pH 4 ealcium mh&z

concentration to 25%. This

onre,  The still
ble protein, & farge o!'whxchkpmiplutedb ad.
;ustmg the pH to 4.8":;& the sthanol tign

Preciyima I 4 HIW is resuspended in acetate buffer®
and taken to HS.? 0,015 fonic strength and l‘l%ethxno!’.
“This can be y suspending each kilogram of precipie
tate 1 4 IXIW in 2 kilograms of water and ice, as before,
aad Ithen adding 2 kg. of cold water to which 0.35 raole of
sodiwm acetate has been added.  When this suspeasion is
complc(e, add suficient pH £ acetate buﬁa‘.“ diluted with
one liter of cold water per kﬂomm of precipitate 11 4«
LW, to lower the pH of the suspension to 5.0 = 0.1 and
stir for several hours. Then add 13,5 liters of cold water
and then 8.60 liters of £3.3% ethanol per kilogram of pre-
c:pllnle 11 4 IIIW, maising the ethanol concentration to

17%. The temperature should be lowercd during the addi-
uon of the ethanel, kecping the suspension aear the freaz
ing poiut until it is cooled to ~G°. The precipitate is re-

(40) A sodium glycioate buller solution was also used for thls pH
See ref, 53,

Method ¥ d ouly the i i fraction.*
Fraction I + 11 was suspcmled at 0° or 25° in a volume
of water cight times that of the plasma, plIi 6.3, and an
ionie strength of 0.005. The water was sn!ur\(cd with

toluene,  The isoagglutinin fraction settled in about
twenty-four hours. Resuspcnslou under the same condi-
tions was i Fib and most of
the y-globulis and Jj; were 1 by this pro-
ceduee.,

Method 8 was similar to method 9, except thut Fraction
131 was remnoved ut pH 5.4, 0.005 ionic strength, 8.021 moic
iraction {7.5%) ethanol, -2' aud a volume 0.7 times the
volume of plasma represeats

Method 9 evolved from the combination of method 2

{47} Beeause of the law ionic strength of this suspension, the pH
value sbtained depends considerably upoo the method of reading In
the glasy clectrode.  We have used the value obtasined by dilution of
the suspension just before the nlcohol additlon with an equal volume
of .02 3 sodium chioride solution. Ditution with ae equal volume
of 6,13 A aodinm chioride salution will give & pH nearer 7.3

{48) The #IL 4 cxlcium aretate buller iz that used in the fractions-
sian of plastas except that the sodinm acetate is replaced by celcivm
acetate. It consiste of 4.0 5 scedic acid sod 8.4 &f c-laum seetate,
and is diluted before use,

(9] When we are dosling with plasma collected v that it contalor
% bigh titer of the various amti-Rb isosgriuticias™® it f» often ad-
vantapeous {0 process the Fraction I + INIW br & modification of
Method ¥, The whick Bss bews

with the modification of mcﬂx 13 tou lower jonic
d at-the U ¥ o in¥ for the separa-
tion of Fraction 111 from -y-g!obrulm. ‘This method s given

in detuil in the remainder of this section.

Precipitate 1T 4 I from standard preparations of nor~
mal serum albumin (hum\u) is used as the starting mate-
ral for this rm:p'\m.uou “ Each kilogram of this pre-
cipitate is suspended in 2 ky. of water containing ice {nbout
one-quarter of the water should e frozen, in the form of
very fine ice crystals). When the suspension is fairly
uniform, add 8 kg. of water (cooled to 0°) to which 112

(45) Tbis method can also be applied to precipitate 1T + 115 or
14 Y0 4 M) from special lots of plasma or serum, such ap con-
valtssent weruin ar plaswn, or to various similar fractions obtaiaed
by these moethiods. Occasioundly, where materials Lave been stored
o the froxen vt dey state, the original suspeasion will yield & con-
siderable quantity of iosoluble wateshl consisting of denstured
protein mod lipid.  In these cases, material can be centrifuged nzd
dlariBed with filkention through Scitz-type peds lo & solutioo of 1 or
# per cent. protein and 0.15 4f sodiume chloride at #H sbout 7, The
cisrified solution can then be tekes to —5%, pH 6.5, 25% ethanol,
iosle etrength 0.1 just as plasims would be treated (but omitting the
zemoval of Fraction I}, and
Eeaction 11 4 11 can then be used io this preparstion.

Frecipitate 51 - LITW it resuspended fn water and taken to #H
8.3, 2.008 louic streugth, using acetate buSer.  This can be doae by
smpending eneh kitogram of precipitate I + IIIW fo two Hiers of
ratd swater and ice.  Whea this suspeasion Is complete, pour it with
goot atirdug fote 90 liters of 0.005 onic strength pH 6.3 scetate
Buller per diter of startiag (1 4 LTEW paste. This resulting suspeo-
siou muy be beld ot tither 0° or 25%. It is usually carried out a2 0%,
but where there is » Iarge amount ul Gibricogeo present is the pre-
cipitete 1L 4 LIIW the 25 Is
When the exteaction is enrried out at roowm temperuture, the bulfes i
suturated with toluene as & bacteriostatic agent (epproximately 0.6
oc. pec liter).  Tue dilute suspension is thea atirred for about sn bour.
and tueo allowed to settle ovecnight.  The precipitate is puspended
io & soalt amonnt of plt 8.3 buller of 0.005 ionic strength (sodivm
scetate), (razen aud defed iv vacuum,

This wethod can alo be applied to precipitate 111 as obtalned from
metlod 9 for the sublractionation of Fraction II 4 1IL ’

The wae of this materia)l as & reagent for blood typing has been
discusoed fu an earlier paper.s? —

(30} J. & Oncley, M. Mo W. Cameron, D. A. Richast asd
L K. Diemend, Ann, N, ¥, Aced. Sci. 47, 890 (1046).

51 The pH 4.0 005 5
tion of plasmat x:mudiou;«ﬁeqdqu@ﬂwﬂ
neeiats.
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by centrifugation at & rate of about 30 liters per
Soar snd at & temperature of —6.0 « 0.5%, The efliuent.
this centrifugation should then be clarified by filtra~
W perture o e 11T O apended in’2 k. of
ram tite 13| n’ . o
e v diuted with 3 k. of 0.5 lonie
arength fﬂ 5.4 acetate bufler cooled to 0%, The suspen-
#ion Is stirred until uniform, aod then diluted with 7.5 kg,
o 0F water, suspension should be u&ﬂ 8.4, foni
arength 0.08, and 0 to +1°, Lnd ﬂln_l_l_‘gw stirved for

weern! hoves.
tion at & yelatively slow rate of spced and st O to -+1°.

ate 11I-23 should be led as soon as pos-
«ble in 1 liter of 0° water 1;er kilogram of precipitate and
the "I‘l adjusted to 6.8 to 7.0 with sodium glycinate buf-
fer.$t Then rdd 1 liter of 0° water containing enough so~
dium chioride to give a total iouic strength of 0.1.  After
e 10 two hours of stirring, test the solution for preformed
thrombin and remove & sample to see if the fibrinogen has
cotted. To do this, centrifuge & small sample and then
add thrombin to the supcrnatant solution to see whether
more fibrin is formed.  1fall the ﬁlxémgei: hias clotted, &c'

i ors i b

SuBFRACTIONS OF Husan Prassa

e

Precipitate 1.3 can be removed by centrifugation oﬁhc
ahove suspension at & rate of about 50 liters per hour and
ma

atw temperature of —5°% It be dried from the frozen
M‘e“ fernbly without the tion of sodium chioride
or glycine.

Hach kilogram of filtrate from precipitate IT-3 s taken
to pll 7.4 = 0.2 by addition of about 15 millimoles of so-
dium biearbonate, and to 20-25% ethanol by thie addition .
ﬁj‘lﬂ-—lltl ees..d 95% ethanal. The temperature is main. .

ived at ~5°, -

Precipitate I1-3,2% can be removed by centrifugation
of the above suspension at a rate of about 50 um&
hour, snd st o temperature of —5°% It may b~
from the frozen state preferably without the adaition of
sodivin chloride or glycine,

Precipitate II.—A tote) Fraction I, rather than the
¥Fractions I1.1,2 and II-3, can be pi from the
filtered effiuent from precipitate 111 by increasing the pH
to 7.4 * 0.2 with sodium bi nate solution, aad the

athanol mee‘:tmtwge to 25% with 05% cthanol. The.
A it <3

ould st ~5% The precipi-
tate may be removed by centrifugation at the same rate o3
ded for ¥ fous I{-1,2 and 13,

sot add additional thrombin. 1f ¢
feft in solution, then add enough thrombin to give & total
smount {including that nirendy present) of 10,000 units
ger kilogram of Fraction I11-2,3.  Stir this suspension for
an additional hour aad i at 0 for_about an

V. Distribution of Proteins in the 114 II
Subfractions . -

four, or at o very slow rate if is

required. o . 2

e either be dried dircctly if prothrombin Is desired, or

immedintelyhcouven«’l to‘lhmmhin before drying. To
i o i to th £

eal-

ciutn chloride and thromboplastin are added, according to
the directions given elsewhere,' and the tonperature
is raised to 20-25°. This solution is then darilied, steri-
tized and dried.

Pracipitate 111-3 should be suspended™ in sodium chlo-
ride and bicarbonate solution to give au jonic strength of
0.16 and a pH of 7.1 = 0.1, and allowed to stand at 07
wntil all of tite fbrin has bieen lyscd.  After claritication and
sterilization, this material can bedried from the frozen state.

Each kilogram of the supernatant from precipitate 111-2
is adjusted to pH 6.3 by the addition of sodium bicarben-
ate (approximately 20 cc. of 1 Af sodium bicarbonate should
be required), and then the cthanel is adjusted to 155
by the addition of an equal volume of 30%, ethanol, keep~
ing the temperature at or mear the freezing point until
fowered to ~5°%, where it should be maintamed. The
precipitate can then be removed by ceatrifugation at -5°,
and at a speed of about 80 liters per hour.

Precipitate 11I-1 can be dried from the frozen state, and
reconstituted to about 5% protein in isotonic saline at pH

for & bl grouping solution if the pool were group
specific and of sullictently high titec S0

Each kilogram of filtrate from precipitate 111 is taken to
about 0.06 ionic strength by the addition of 50 millimoles
of godtima chiloride, bolding the pH at 5.2, the ethanol
concentration at 17%, and the tempemture at —8°.

(57} We bave used Scitz 5-1 pade and 8.6% 505 Glter aid and some-
titmes K-S pads sad 1% Hyllow Glter aid for this fltration, The flter
vad sbould be washed with 0.30 4 sodium chlocide and then with
0.01 A scetic acid, mud Gnally with 0.05 ionic strength pH 8.3
meetate buller in 17% ethasol. The I of the fioal washings.ahoutd
be cliecked tosee that It is 5.2 after Gliration (this can be easily dove
with w spol.plete and uitable indicator solution), Tbis weshing
progedure s essential because the low jonic strength of tbe sotution
#ud changes in I at this point can substantially lower the recovery
of yoplobulin,

(53) Sedinm glycinate buller is prepared by half-neutralisiog &
#lyciae solution with sodium hydroxide. Tbe solution we have used
contalns 1 mole of glycioe and 0.5 mole sodium kydroxide per liter,
1t has o pU of about 0.5 sad has the agdvantage of causing lews of o
delfe ba pH upon acration than is observ&d whea sodium bicarbonate
s used to increase the sikalinity.

{A4) The suspensicn of this wateriel is convenicntly sarried out
uslug & Waring blendar to bresk up the Sbrin clat.

{65) M. Melis, J. Clin, Invert., B, 062 {1945},

Ajalyses of the various steps in the fractiona-
tion procedure have heen carried out by the same
mcthods already reported in a previous study of
this series (2).  The results obtained during the
fractionation of a large lot of Fraction II + III
prepared by method G for the fractionation of
citrated plasma (3) are recorded in Table 1IL
Nitrogen determinations and volume measure-
ments were made on all suspensions and super-
natant solutions obtained during subfractionation,
and of all resuspended precipitates. Values for
the protein in the precipitates are calculated from
the analyses of the resuspended precipitates, and
the protein lost in centrifugation or filtration, and
the protein remaining in the supernatant solutions
at the end of the process were calculated from the
analyses of the suspensions or supernatant solu-
tions. ‘These results are tabulated as the per-
centage of total protein nitrogen in the fraction
referred to the protein nitrogen in the Fraction
I 4 I used for subfractionation. To convert .
these values to the of in by nitrog
(N X 8.25) which would have been obtained from .
& liter of plasroa, we have used the value of 15.1
g of Fraction II + 1II per liter of plasma pre-
viously reported.’® The nitrogen factors esti-
mated from nitrogen and dry weight determina-
tions of each resuspended precipitate are- also
recorded in Table IV, Using these nitrogen fac-
tors, instead of 6.25 as used in T'able I1I, we obtain
the values recorded in the last column of Table

(68) We have found it belpful to suspend precipitate I1-3 and.
11-4,2 in 1.3 volumes of water-ice mixtare (1.3 of water froren).
1 this rixture is kept cold duriog the suspension, most of the globur
lin remains uadissolved, and docs not “lump up™ spon freczlng.

(47) Feaction 11.1,2 represeats the more soluble part of the v~
#lobulia wnd i+ taken off at couditions used for preparation of ¥rec-
G 11 by ewrlict metbods. Swch materlel has been uved clialoally
in both meadex and epidemic jevndice. This fraction should be
disscived to muke solutions costeising 16.5 5. of y-globulia per
100 cc. and sterilised by Seits Sitratioa. - —

{68) See Rel. %, Teble VIL
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TamalI - - - . [T
DisrringrioN or PROTEINS ¥ SUsFRACTIONS oF Fracrion 1T + m

Ruperinaent Pu ceat. of total .nuln -itrom i= :ncdu “‘“ ”%3: 5 :_‘g..

11+ 10T (mO) (100) (100} €00 S ¢ K ¢

I+ HIw 8.0 5.0 82. i 6.7 - 9.8
Ceat. Joss 0.7 0.9 1.0 T '

1110 244 22,7 PR A
Cent. loss X 1.8 1.0 .
Supernatant 8.3 12.1 L5

1 26.8% 25.8 8.9
Cent. loss L2 . 1.6 .
Filt. foss 2.8 . 2.4

113 209 ... 18.0 2.9
Cent. Joss 0.2 ... 3] .

11,2 13.2 ... 1.4 2.2
Cent. loss 0.1 o a1
Supernatant 04 . e 0.8

113-1 e ... caes s 1.8 I X
Gent. loss 0.8 ... coesn 0.6
Supernatant 1.3 [ 1.0

112 8.8 f 8.0 1.2
Cent. joss 0.9 . 0.8

L3 27 ... 2.7 X
Cent, loss 08 ... ren 6.9

V(b) for the grams of protein per liter of plasma
recovered in fractions.

We have recorded the clectrophoretic analyses
of the various I + Iil sub-fractions in Table
V{a). 1In some cases the separations belween
these components is incomplete, especially in the
case of the frglobulin and the Byglobulin +
fibrinogen components. The protein distribu-
tions in Tables V(b) and V{c) have been corrected
for the nitrogen factor, but not for the refractive
index increment of the components, Recent
papers in this series® have indicated that these
refractive index corrections would be small, and
they can properly be neglocted at this time,
The unusually high mobilities assigned to the
B1 commponent in the lipid-tich fractions has alse
been discussed,

TanLe IV
EsTIMATES oF NITROGEN AND CHOLESTEROL IN SUBFRAC-
TIONS OF FRACTION 1§ + Ll or vam Praswa

per seat.
Grams pvrxnm/‘t:m sitragen e cmu-
Practiss (1} i {4} Mess  gon
HeHL 79 1.8 73 18 1.8 123 8.0
4 HIW  ——38—— 67 67 67 149 L8
1o W J0.4 8R BE W1 69 12
2 P 6.2 1.0 <008
113 ———t 7 6.2* 168 <6.08
1t —T e T 7.0 S 38
in —73—— T2 7.8 138 3.7
iz —8 s e B 8.7 35,0 2.0
i3 — A st b e P |

* Alter filtration of bi 18.5 globulin_soll
tion. * Also value of E. Brand, B, l(nsﬁ et and L. I
Saidel, J. Clin. Invest., 23, 437(1944)

(69) S. H. Araisteong, Jr., M. J. B. Budka mnd K. C. Morrison,
THis Jourwat, €3, €16 (19047); S, H. Armsweng, Jo. M. J. R,
Budiea, K. C. Morrison sud M. Hasson, ibid., §Y, 1747 (1947).

TasLs V

DisTRIBUTION OF Prasws Proting into IT 4 III Sus.
FRACTIONS BY Marsop

Practioa A = & m4s v Tout
{a) Percent of fraction

T 4 11 4 6 a5 18 37 100
1o 6 5 68 18 5 100
I+1mw 2 8 15 1 66 100
II-1,2 0 o 0 2 98 pive
113 0 0. 0 4 96 100
IIr 3 15 33 34 15 100
III-1 2 i8 15 45 14 100
112 1 20 65 12 2 100
i) 3 2 3 3t 2 100
{b) Grams per Titer of plasma recovered in fractions
I 41 0.7 1.1 656 3.4 69 136
Jas ] 0.3 0.3 41 L0 O3 8.0’
n+4mw 62 08 1§ 19 &8 103
-2 o ¢ Q@ [ 2.2 2.2
I3 ] o [ 01 2.8 2.9
HY G 07 L& L5 08 4.4
L1 o g4 03 1.0 63 2.1
-2 a 0.3 08 0.2 O 1.3
jisc) g il 0.1 02 O 0,4

U4+ 68 11 68 35 7.0 180
Jid o 0 o 01 54 b5
i1 0.1 0.5 04 1.2 04 2.6
i 0 04 L0 03 01 17
1113 [4 63 oo 0 08
110 0.5 5.7 13 04 B4
Total 0.6 74 31 63 W00

¢ Including g-fibrin.%* * Including wfibrin
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in order to estiunate the composthm of plwtahu

SuBPRACTIONS OF HUMAN Iwu.s

549
all antibodies whlch have been studied are found
d in!

from these dats, we have also
amounts of cacl of these subfractions present in a
fiter of plasmia (Table V{c)), using the data in
Table III o estimate the losses. Although the

fost mat pmbably does not lmve'tlm. saurl;e
the sub-
{ractions, we have calculated the distribution of

ns usitg this assumption, and the total
ound in the corrected sublractions is near to that

observed for the Fraction II + IIL
‘The distribution of ﬂxe pr' protem com-
ts has been foli deter-

to K, 11-1,2, Ii-3 or 1111,

ud Lractions I, III-0, III-2, III-3, IV-1, IV.4
and V are found to contain only traces of anti-
body. ‘Table VI gives the results obtsined on
two pmpanhvu.s ‘which were wdu}iy studied,
The results are first compamd with a reference
solution con same conceatration of
protein Ta.bte vi (g;) aud (b), and then with the
piasma {or Fraction II 4 III for- preparation
8362) from: which it was fractionated, The totals
recorded in Table VI {} and {d) represent the
emount of sutibody sccounted for in the various
fr Deviati from 100% represent de-

;vunnt:ons in most of these f T as
in Teble IV, These values, when combined with
the yield of the fractions from Table V{c), indicate
that about 85%, of the cholesterol of 11 <+ 111,
or about two-thirds of the cholesterol of plnsum.
is concentrated juto Fraction If1-0. The purificd
LS globulm frac(mns (II 1,2 and H 3) conmu less
than th of 1 per mole-
cule of y-globulin.
‘Tastz VI

DistrapuTIoN oF (emTam Axtmopiss iwvo I+ IH
SUBFRACTIONS BY MeTHoD 8

weipht N
o Typhoid Influenza A Diphe Stropto-

Frac.  lexe-  mgghtlpin  Flirst mouse  theris coccal

tion tioa O I Test Astitoxin

() Prepseation 184 (Ratio to 11C141)
112 11 LE 66 0.7 08
s 48 LY 12 [ .6
g 40 80 o7 .1 3
nez3 20 oy .2 a1 K
b0 cee e .z 1 IS RS
Plasme P I 2 TN
(8} Preparation S362 {Rativ to LHIGMY
12 1.0 L9 10 Lo 1%
3 38 1.4 18 9.7 L
111 « 3.8 07 5 Db
1.2 w 0.6 03 1 .1
10 07 02 02 1 B
I an 10 1.4 1.3 .3 .1
. {e) Preparation 184 (per ceot. of plasma)
12 s 18 7 18 20
-3 8 & s 10 22 25
1h1 0 36 12 v a [
nras 28 17 ] 2 2 1
e 1.7 . & [ 1
Tata e B & 43 T )
{8} Prepaeation 5302 {per ent, of I + TIN}

1z 1 1 v e 33 21
ua i 8 s 13 34 29
1.1 H s 388 7 23 m
-z ® 1 < 2 2 1
T3 ‘ . iR -
tto 4 2 2 2 10 ¥
Total 10 1 e 40 108 88
VII. Distribution of Antibodies and Physio-

logically Active Components
Studies of the antfMody content of the various
fractions have been reported by Eunders.* More
extensive studies are now available® Nearly
B0} Wr wish xo thank Professor Johin F. Ruders sad &i: group i
the « at the Harvard
Medicu! ﬂf’mol»*Mus Jolis C, Sullivan, Miss Beltie Griffith, and

struction of activity, loss into other fractions, and
the collected errors of these tests. The latter
cause § bly is the most signi Errors in
antibody assay are most serious when the activity
is low, such as is found in plasina, and I‘rnchous
I11-0, 111-2 and [X1.3.

‘Table V1I sumnmarizes o much larger number of

1 *tests sade on Fractions 11-1,2, 11-3 and IIX-}.

The antibody com.ent of the fracuon, compared

Taure VII
Avorace Antinopy CoNTBNT or Fractions 11-4,2, 11-3
R Axn 1111
Cornparison with equal weights of plasma protein®
. L2 I3 -1
Isoagglutinins ©.2) (0.4 16
Typloid O agglutinin 0.4 1.2 16
Typhoid I agglutinin 8 8 4
influenza A, Hirst test 4 4 3
influenzn A, mouse protection @ 12 4
Influenia &, cowmplement fixation 7 es) )
Mumps, complement fixation 8 8 ..
Diphtheria autitoxin it} 7 4
Streptococcal antitoxin 9 9 N

* Antibody concentration of solutions of Fractions II-
1,2 or 11-3 containing 165 ing. protein/ml., compared with
plumn. will be 2. times these values. Values for Frac-
tion I1.1,2 compared with plasma from Enders® and addi-
tional data obtained mare recently (about 30 prepara~
tions). Values lor Fraction I1-3 were obtained largely by
conparisen of Fraction ¥1-3 with 11-1,2 {about 13 prepara-

tians).  Values for Proction 1i-1 compared with plasma
or Fraction IX 1.2 aﬂd 113 obtained in sbout 4 prepara-
tions.

Miss Jesuue B. Besuthamp—for making most of thexe studier.
Studies of susti-A, soti-B, anti-Rie, sa6G-R", sod anti-RU* isoagghu-
tivios weee mede by Dr. L. K. Diamond, Chitdren's Hospital, Bos-
ton, Dr. . C. Boyd, Dowtan University School of Mcdicine, Boston,
and some of us (M. Melin, J, W, Cameron, and D. A. Richert).
The disicibution of the [following mntibodies bas beon studied:
Preparstions: sgglutinias against typhoid, O ntigen:

o ;

tection (neusraliciag) sutibody agalest inGuenca A virus, strain PRS,
diphtheria matitozin {interdermal meutralization test on rabbita).
(b} On many preperstions: complemeat-fxing astibody sguinsd
the wirus of mumps; coutpleenent-fxing aatibody xgainst influcnen A
viras, steafn PRE; {0} ou sclected prepurstions: *aggistinins sgainst
¥ pestanis, pluse 1, steate 483, Philadeiphis; _gireptococeal anti-
tosia 2632 o3 ealebi oty againe
:e!ls of humse blood *
wcaups A eod B; Isoaxglutinins aguioat colls of bumsa bload graups
Riw, R’ aod RR®.
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with the content of the same weight of plasma

protein has been recorded.
Tascs VIII

Assay yor P Aun Po Acttvrry

Values are in units/cc. piasma
Run — :{i By wm mae ms

Prothombln

171 82 83 V5 70 48 .

173 100 54 ®1 w .. .

176 ... 95 89 B0 41 ..

178 58 83 80 e 37 .

177 72 6L 8 17 .. ..

178-179 $8 B8 18 190 3§ . -

180-181 56 68 32 - 55 37 3¢ ..

182-183-18¢ 68 73 24 18 27 .. ..

185-186 6 78 & 3 21 . .

8362-1,2 e .. B2 73 8 78 .-
Plasminogen

5362-1.2 vee .. 3227 30 @D M4

Typical assays for

Howey B. Burs, J. Witrrio Haun anp Vicror H. Barresy

thrombin and plasmino- '

Vol 71
it difficult to pletely convert proth bin
to tl bin and plasmi lasmin without

decomposition. Little or no prothrombin and
plasminogen is found in any fraction other thag
I-2and I3, .

Summisry

1. The properties of various protein com
ponents of Fruction IT 4 III of normal human
plasna are revi =

2. Methods are outlined for the separation of
Fraction II -+ 111 into a series of subfractions by
1 T ethanol precipitati in which
careful control of the pH, temperature, and con-
centration of ethanol, salt and protein have been
achicved. The subfractions so obtained have led
to satisfactory separation and Ssx};anmgon of the

in
Fraction' II, isoagglutinins in Fraction IIL-1,
prothrombin in Fraction III-2, plasminogen in

fract.ion 1113 and Bi-lipoprotein in Fraction

11-0.
3. Studies of the distribution of components
into these bfracti are tabulated. They

gen activity are recorded for the various
in Table VIILS' Assays for both of these sub-
stances are somewhat uncertain, probably due
largely to the presence of inhibitors which make

{81} These studies have bea ttade by Miss 5. O. Miller and one
of ux {D. A. Richert), under the superyivion of Pyofessor J. T. Edsall.
The methods used are recorded elvewhiere. 0 .

have of protein nitrogen,
dry weight of protein, cholesterol, prothrombin
activity, plasminogen activity and various anti-
body activities.

Boston, Mass, Racyrese® Ocronsk §, 1948

62} Origiaat manaseript recelved Juae 20, 1947,

{Con Frox THE C

Derartment, NorTHwasrerN Unverstry Mapicat Scaoot]

Filter Paper Chromatography

By Heiry B. BuLL, J. WILFRID HAHN AND Victor H. BAPTIST

Consden, Gordon and Martin! reported a very
ingenious method, for the separation of amino
acids by filter paper chromatography in which
phenol or some other appropriate organic solvent
sweeps the applied amino acids along the filter
paper, capillarity causing the organic solvent to
tnove. The positions of the amino acids are lo-
cated by spraying the filter paper with a solution
of ninhydrin and heating the filter paper strips.
The amino acids develop colors, the intensity and
tint of which depend upon a number of factors.
A review of filter paper chromatography bas re-
cently appeared.?

‘The present paper Teports an atternpt to make
filter puper chromatography of amino acids
quantitative. The percentage light intermission
along the chromatogram .is mcasured and this
transmission has bgen plotted on semi-log graph
paper against the distance along the Slter paper
strips, and the areas of the scgments above the
plotted curve incasured with a pladimeter. It has
been found that the areas so determined are over

(1) Consden, Gordon and Murtin, Biockem. J.. 8, 224 (1944).

(2) Cousden, Neture, 162, 350 (1948,

a limited concentration range a simple fuaction
of the concentration of the amino acids. The
various factors which influence the reliability of
this methiod are reported.
Experimental

Carl icher aud Schuell filter paper
number 507 was cut sguinst the machine direction into
strips 7.2¢ mm. wide and 80 om. long. Oue end of the
Aiter paper strip was placed in the bottom of an oblong
butter dish and  thick giass strip placed on top of the
paper to hold it in position. It was found convenient to
use 5 such strips banging at about 2 cmn. intervals over
tach side of the butter dish, ‘The lower ends of the 6lter
paper strips were attached to small metal elamps affixd to
a metal rod. 0.0135 cc. of the amino acid solution ad-
justed to a pi § to 7 was placed on & marked spot oo the
fitter paper strip with a Blodgett pipet about 4 cmn. irom
the edge of the butter disk. The filter strips weee in @
horizonial position during this eperation. i

The arsino acid
solutions wege nir dried ou the filter paper and the buttes
dish, with the filter paper strips banging vertically, was
placed on @ stuge ina tall giass jar, - The jor bad  fayer of
B0% squsous solution of Merck reagent grade of phenol
ou the bottom. Righty per cent, sqifous solution of
phenol was paured into the butter dish to cover the ends
of the Glter paper strips. A glass jar was jnvert
over this jar and the joint between the jars sealed wit!
vaseline.
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Considerations of pool size in the manufacture
of plasma derivatives

T4 Lyncu, MJ. WainsTaN, D.L. TARKERSLEY, J.C. FRATANTON, AND J.§. FINLAYSON

Background: The pooling of human plasma from many donors for the putpose of

manu u ing p the risk of of these
inate 1 or a few units included in the pool,

Study Doslgn and Muthods Thts risk is estimated for a range of manufacturing

scales that would derive material from a varied number of donors and for & number
of hypothatical in agents that may exist in the donor population over a wide
range of prevalence. Risk is tecipisnts of single doses of a
plasma protain and for those who depend on long-term treatment with plasma de-
fivatives.

Risk of axp: with poot size and the prevalence of the agent
in and d with
from different pools.
Conclusion: Reducing poo! size watld at best decrease this risk in proportion to

the reduction in manutacturing scale. However, for individuals reguiring repeated or
continuous treatments, the risk of expasure to all but the rarest infectious agents
would be only minimally affected, aven by large reductions in manufacturing scale.

HumaN pLASMA PROTEINS for therapeutic use have been
manufuctured from large pools of plasma for more than
54t vesrs.'™ The original purposes of this strategy—
economy and full wtilization of limited resources—are
sl vudid, The pse of targe pools of plasma (or the pooi-
g of multiple munufacturing batches into larger lotsi
e uive contnibute 1o product consistency and improve
ety m other wavs, For instance, the production of im-
mune zlobulin i~ mandated at of above a minimum scale
ol 10 doners 1o ensure the inclusion of a broad spec-
trum ol sntihodies ©

Phassut proteins such a8 albumin, immunoglobulins,
and the vosgslanon factors may be manufactured from
soutce plasma® tapprox. 500-800 mi/unit collected by
plasmupheresis and restricied to further manufacturing!
or trom “recovered” plasma (approx. 200-250 mL/unit
prepased trom whole-blood donations). When these pro-
s are produced from sosrce plasma, the initial pools
Bepicadi imviude plasraa from 1,000 to 10.000 individual
donors When recovered plasma is used, pools may con-
Lot plasimag from up 1 60,000 donors. Furthermore. dur-
g amunuiaciure. miermediate material derived from
an one \arung pool may be combined into one
fn betory Dlliag the final containers. For the bulk of

[N

From e Dooson of Hematology. Office of Blood Research and Re-
view. Center tor Brolopses Evaluation and Research, Food and Drug Ad-
ministrauon, Rockvilie. Maryland
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plasma derivatives produced in the United States. each
vial contains material from more !h:m 10,000 donors,
Recenly, the wisdomof p g these products frony
such large pools of human plasma h‘x: been called into
guestion. This concemn centers on the possibility of trans-
mitting viruses and other infectious agents (such as the
incompletely characicrized agents thought 10 be respon-
sible for certain spongiform encephalopathtes). Before the
introducnon of donor testing and virus inactivation dur-

ing 2 factor run-
mitted b itis and human § deficiency viruses at
higher rates than did single-d blood comp e

Even with cument safety measures, however, infectious
agents, such as human parvovirus B19, that are present
in a plasma poot and are not inactivated during manu-
facturing may be itted to recipi of prod
manufactured from that pool.™* The size of the pool af
feets this sk, because in general, more donors will cone
tribute 10 larger plasma pools. The more donors whe con-
tribute to a plasma pool, the higher the probability that
the pool will contain a transfusion-transmissible agent.
These suggest that ing the num-
ber of donars comtibu(ing o plasma poois from which
h are f: d could reduce the
risk of dlSC&SC transmission by reducing the proportion
of pools that include donations from infected individu-
als. The effect that such a change might have on the trans-
mission of disease has been approximated by modeling
the risk of exposing the recipient of plasma derivatives
produced at various ing scales 10 infecti
agents that may oxist in the donor population, Because




334

TRANSFUSION
1996V ol. 36, No. &

changes in pool size would affect the risk of exposure at
least as much as they would affect the risk of transmis-
sion. this app yields the i benefit that
couid be achieved by reducing the number of donors con-

MANUFACTURE OF PLASMA DERIVATIVES 771

broad range of prevalence has been used 10 encompass a van-
ety of agents that are known or suspected to be transmitted by
plasma derivatives. These are assumed to be limited 10 small
mfecuous agents such as viruses (and possibly the agens of

that are not y inacti-

ributing to a plasma pool. Of course, the relationshi

between the risk of exposure and the actual risk of infec-
tion is complex, and no attempt has been made in this
analysis to correlate the two risks. However, the mere
inclusion in a plasma pool of a unit that is suspected of
being infectious is sufficient o trigger the recall of prod-
uets manufactured from that pocl Th:refore. the risk of

exposure is itself of |:

Materials and Methods

Our analysis is based on the assumption that any given do-
not may or may not be harboring an infectious agent at the time.
of donation. For the sake of simplicity. it is also assumed that
the infectious agent in question exists in the donor population
at a steady state; that is. its prevalence adequately describes the
risk associated with any single donation. If the prevalence of
the apent were cnanging significantly with time. it wouid be
more appropriate to use incidence to calculate this risk. How-
ever. the outcome of the analys|s presenled here would not be
alteted by idi 7 preval
4 tisk based on prevalence may b: modified by donor screen-
g, which reduces the risk of accepting a umit from an infected
donor. Thus. “prevalence™ as employed in the below
would mclude both the prevalence of an agent for which sereen-
g ¥ Aot pertormed and the residual risk due 1o false-neg:

vated or 1 or physical methods commonly
employed in nunufmmng Bacteria and larger pathogens are
THR & toncem. as these would be removed by filtration. Viruses
withot & significant viremic phase that are transmitted only
by cellular components alse are not considered to pose a sig-
nificant risk in this context. concern are those agents
for which no method of detection exists or for which screening
for the purpose of eliminating contaminated units is not per-
formed. To inciude a wide range of these agents, prevalence has
been assumed to range from 1 in 5,000 (e.g., parvovirus B19'%)
10 | in 500,000 (a rare or emerging agent).

Results and Discussion
General considerations

The risk of exposure, used in this sdy as the mea-

sure of risk, does not ncccssanly equate to the risk of
The infection rate i ds on other variables,

such as the infectiousness of zhc agent, the quantity of the
agent in the pool, the distribution and/or inactivation of
the agent during 1 ing. and the ibility of
the ! These in turn. depend
onthe spcc;ﬁc agem in question and the particular prod-
uct being manufactured. Therefore, no atiempt has been

resuhis of those screening procedures that are performed.

Gaven these assumpuons. & simple binomial model” de-
serihe the relauonshup between the size of a plasma pool and
the probabiliny of including n that poat | or more units con-
tming an anlectious ggent that kas g given prevalence in the
woner population This probability 1 equivalemt 1o the nsk of
apeste e thas iiectious agent that is faced by the person who
werives ane treatment dingle treatment: with a plasma deniva-
e muanutaciured from that pool: it s caleulated by the follow-
g cquation

Hisk = § -1 — pravaienge ™ e

“Pani size” i thin equation s expressed av the sumber of do-
nors coniributing 1o the pool rather than the rumber of total units
ar thy 1okl volume of the pool, The risk calculated by this equa-
fan s ulse eguinalent w the proponion of plasma pools of that

S that would contan | or more contammated e
fivaddition o the sk of exposun associated with i single

HCAHueT s ampoitant e conader the cumulitise risk avso-

Cralest Wil mudtiple treaiments when e material 1ntused

aerned Hom severel planmz pools, This cumulative rok of
expesuty o calvutated By the tollowing equation

made to calculate an actual rate in any of
these modets. In all cases, the risk of exposure is equal to
or greater than the risk of infection, and so the models
presented here are worst-case’ estimates of real risk.

In particular. two factors that may work in this con-
test lo reduce disease transmission are excluded when
exposure o an agent is used to caleulate risk: the dilu-
tion of the agent in the plasma pool and nentralization of
the agent by antibodies. v some instances, the dilution
of an infectious agent in 3 large pool, possibly in conjunc-
tion with other factors such as attenuation during purifi-
cation. might reduce the risk of transmission. However;
this effect can be quantified only for a panticular agent
and particular product and is implicitly excluded from the
present analysis. Stmilarly, the risk of exposure would not
clude any effect of the broad spectrum of antibodies
present in a farge plasma poot on the transmission of the
agent. There are two reasons for excluding this possibil-
ity from the model. First, although neutralizing antibod-
ies are known 1o exist for a nomber of viruses, such as
hcpamu A and parvovirus B19, those viruses may be

Catmustng b =

Fion st SRR TRCLHIERE TR SR mtren
Bruidiv, 1 r possshie 1o cateulate o i scale
of musutacunng i lerms of poal size to achieve a predeter-

tuned rick ot exposure dee.. targeted risk. based on a single
treasment ta an infectious agent with a given prevalence in the
donor pupuiauon by using the followtng equation
log (1 - targeled risk)
Maximal allowable pool size = ==
log {1 - prevalence)
To calculate risk of exposure or cumulative risk. the preva-
leace of the agent in the donor population must be known. A

by coaguk factor AL
is possibie that the virus, which may well be complexed
with neutralizing antibodies in the initiat pool dlSSOCl-
ates from those antibodies during p

nates a final product depieted of m-ununoglobu]ins. Ten-
dering that product infectious. Second, the possibility of
an infectious - 3gent yet 1o emerge in the phsma snpply
renders of § The
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agent might not be susceptible to seutralization by anti-
bodies, and, if it were, little or no immunity would be

TRANSFUSION
Vei. 36. Ko S— 1990

nearly double the risk associated with 10}. As the risk as-
socmed wuh a smgle pool increases and/or the numbert
of ive risk of ex-

expected in the donor popul during its

Risk to the recipient

The risk of including in a piasma pool a unit donated
by an individual carrying an infectious agent depends on
the prevaience of t* . agent in the donor population and
the size of the pool itself (Fig. 1). Pool size is defined here
as the nurnber of donors contributing to the pool. Itis clear
that, atlarge scales of ing. the risk of
nating any given pool—even with an agent whose preva-
lence is no greater than 1 per 10,000 donors—approaches
100 percent. Although the risk is less than 10 percent
under many of the conditions included in Fig. 1, it in-
creases dramatically as the pool size increases and as the
prevalence of the infectious agent in the donor popula-
tion increases.

The risk of contaminating a pool with an infectious
agent is exacily equal 1o the risk of exposing a patient to
that agent by a single treatment with a plasma derivative
routinely manufactured from such pools. However, 2
recipient's risk may also be increased by muhiple treat-
ments with the plasma derivative i question. If all the
material comes from a single Jot. the nisk of exposure is
not changed (zlthough the risk of infection certainly may
be increased). If an ndividual is treated with material
trom different lots tindependent infusions), the cumula-
uve nsk of exposure to the infectious agent is as illus-
irated 1 Fig. 2. When the risk of contaminating a single
pool s fow, the effect of several independent treatments
o neariv anthmetic tee, 20 ions would

pnsure' and then ph as it approaches 100
percent.
1t should be noted that Fig. 2 includes only Jow risks
of contaminating a given pool, with 10 percent being the
highest category depicted in Fig. 2, whereas it is the low-
estin Fig. 1. When the risk of contaminating a single pool
is higher than 10 percent, cumulative risk approaches 100
percent after only a few independent infusions. Even at
relatively low levels of initial risk. cumulative nisk in-
creases to inty after d Forin-
stance, a severe hemophiliac may be exposed o 100 dif-
ferent lots of a coagulation factor over the course of several
vears.*¥7 Aq that levei of use. the individual will face &
cumulative risk of exposure of about 63 percent if only |
percem of the plasma pools from which the factor is
d are i d with an infe  agent.
For the ive risk with 100 inf w©
be heid below 10 parcent (a modest degree of safety at
best). the risk of contaminating a single plasma pool must
be kept to 0.1 percent or less.

Manufacturing scale

Because patients who require long-term or lifelong
weatment with plasma derivatives face an extraordinury
risk of exposure © mfccuom apents present in the donor
pop to keep the cumulative
fisk as low as possible. This need. in wm, requires that
very low levels of risk be associated with esch individual

ion, it be p

145,000
116,000

oy
lf
l[;ﬂ!,“l', Pravalence

/50,000

1/160,000

500,000

10,000
60.000

Donor pool size

Fi 1 Probabaisty map of the risk of contaminating plasma pools of
vaned sizes, whichas expressed as the numiy of donors ¢100-60,000) who
have contnbuted to them. The hypothetical tnfectious agent may exist in
the donor popuistion. with a prevalence ranging from 1 per 5.00010 | pet
300.000. The surface 15 shaded to indicate risk levels at O 1o 19 percent,
010 30 percens. 3010 70 percent, and 7010 100 porcent, The risk of con-
aminating a pool 1s equivalent 1o the of pools that
nated and to the risk of expos: of ] ingle
ool to the infecious agent in guestion.

To evaluate whether this goal can be accom-
plished by adjusting the size of the plasma pools used for

f: ing, it is Yy to the maximum
pool size that would achieve a targeled risk of exposure

2 5uueugwewo{> 30 %S

(T
- o

A L L foed T 5%
aro’””lll’”" I &

Cumulative risk of exposure

Number of indepengent infusions
Fic. 2. The cumulative risk of exposure resulting from muluple inde-
; 5 different plasma

pools). This risk depends on the number of such treatments and the risk.
associated with cach treatment {risk of cmumsunng # pool taken fmm
Fig.1, 10%).
is again shaded lo indicate risk levels ll 010 10percent, 1010 M)pemem.
3010 70 percent, and 7010 100 percent.
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10 an infectious agent of given prevalence in the donor
populati ple of this d risk is shown in
Fig. 3. In this case, it is the risk of exposure associated
with a single treatment, which, as described previously,
is equivalent to the probability that a contaminated unit
will be included in & manufacturing pool. The resuits
indicate that extremely small pools—that is, pools sig-
nificantly smailer than those currently used in the manu-
factare of most plasma derivatives——are required to
achieve reasonably tow risk factors. For example, manu-
facture at the 1.000-donor scale is allowed only if one
accepts the risk that 1 percent of the pools will be con-
aminated by an infectious agent that exists in the donor
population no more frequently than once in 100,000 do-
nors. (As shown above, this targeted risk of 1% translates
10 & cumulative risk of 63% after 100 independent infu-
sions.} To reduce this risk to 0.1 percent for the same
agent, manufacture would have to be restricted to 100-
donor pools. Of course, as the prevalence of the agentin-
creases. the maximum pool size that allows the achieve-
ment of a targeted level of risk decreases still further.
An alternative approach is o determine the effect of
manufacturing at different scales on the risk of exposure
1o u particular infectious agent faced by patients under-
going treatment with a plasma derivative once. only a few
umes. or chronically. Tabie 1 lists the results of this cal-
culation for three hypothetical infectious agents whose
prevaence in the donar population is | in 500.000. 1 in
A0.000. and | m 3000, The scale of manufaciure ranges
triar 100 1o 60,000 donors per paol. Under the most fa-
vorahle vircumstances—namely. 4 rare infectious agent
andangle mtusen of o plasma derivative—the nisk of
SAPONIFC 1 3T alminst eaact proportion 1o the size of the

@ 10006
>
: |
T -
E Iy Targeted |
: Risk J'
s N ¥ o0%

™~
o :

R
: e ™~ 010%
\ 001%

3 100.000 Y1000
Frevajence of nfectious agent

11.000

=

¢ Tae wareest sotle 3 wach 3 produet may be manufactured
RGN afni uble pout size. Expressed as the number ot contnbuung
wnats s b schicve d given level of sk The upper il on the scale of
anulclure depends on the pres alence of the intectious agent and the level
v ek tarpeted ik that i deemed acceptable. Targeed risk is the nsh
At consaminaung an given plasma pool or the nsk of sxposure 10 an -
HChous spem assodted with a mingle yratment (see Fig. 1) v s notthe
cummlatne ok of exposun avsocsated with mulisple treaunents. Extremely
Ml ok are required o achieve reasanably fow nisk facton. .

pool. In contrast, the risk of exposure 1o the same rare
agemt afier 100 independent infusions is d from
100 to 11 percent by a reduction in manufacturing scale
from 60.000-dener pools to 600-donor pools. The impact
of manufacturing scale, within the limits of Table 1, also
d as the p of the inf agent in-
creases. For the most prevaient sgent inciuded (/5000
donors}, reducing the scale from 60,000-donor pools 1o
600-donor pool. would reduce the risk associated with a
single infusion by about 90 percent {from 100 to 11 %),
but the cumulative risk associated with 100 infusions
would not be affected to any significant degree. It must
be emphasized that. for the recipient of multiple doses of
a plasma derivative, the benefit of reducing pool size
would be offset 10 some degree if the use of more numer-
ous, but smaller lots of material exposed that recipient to
a greater number of lots.

implications

The impact on safety of adjusting manufacturing scale
can be no greater than the change in scale. 1t is frequently
fess than this, and. in some cases, the impact can be neg-
ligible. To effect meaningful improvements in safety by
this approach would require large reductions in the scale
of manufacture. For example. low rates of iransmission
of hep human deficiency virus, and Bi9
have been reported in hemophiliacs treated with lyo-

Table 1. Effect of manufacturing scale on nisk of exposure

Scale of manutactunng _Number of dependent infusions
{number of donors) 1 10 100
Prevalence of agent = 1 in 500,000
& 1% 0% 100
25,000 5% 3% 99%
10.000 2% 18% %
6.000 1% 1% 0%
2.500 0.5% 5% 39%
1.000 0.2% 2% 18%
600 1% 1% 11%
0 002% 0.2% 2%
Prevalence of agent = 1 in 50,000
60.000 0% W% 100%
25.000 % 9% 100%
10,000 18% 86% 100%
6,000 1% T0% 100%
2500 5% 39% 9%
1.000 2% 18% 6%
800 1% 1% %
00 0.2% 2% 18%
Prevalence of agent = 1 in 5,000
60,000 100% W00% 100%
25,000 9% 1W00% 100%
10,000 B6% 100% 100%
6,000 0% 100% 100%
2500 39% % 100%
1000 8% 86% 100%
&0 1% % 100%
100 2% 8% B8%
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philized cryoprecipitate (pool size = 6) or factor IX oon-

TRANSFUSION
Vel 36 No. S— 140y

depend on the continued receipt of plasma derivatives,
such as hemophiliacs, would be highly vulnerable 34

centrate (pool size = 250) d on
small scales. 2 Modifying current manufacturing prac-
tice to approach this scale would have significant unph—

In this seiting, the admitiedly marginal benefit of restrict-
mg the size of plasma pools is attractive, because it is
of the nature of or any knowledge of the

cations for the production of these proteins. For [
even a 90-percem reduction in manufgctunng scale,
which would be of marginal or no benefit in most cases,
would require the production of 10 times as many batches
of each plasma protein in the same time to meet current
chmcal demand. It is unhkely, though not necessanly

possible, that current technology would
sufficiently faster production of these proteins, so that
paraliel production would be the only viabie alternative.
In either case, a fundamental change in the design or a
drasti f the p ion facilities would be re-
quired. Bo& the cost of these proteins and the ability to
produce sufficient quantities may be affected. Further-
more, the stringent standards of current Good Manufac-
ring Practices provide a significant element of safety
for the recipients of plasma derivatives and other phar-
maceuticals. 22> The adherence to current Good Manu-
facturing Practices is Jabor-intensive, emphasizing com-
phiance with written procedures. testing at all stages of
production and before release of the final product. and
careful documentation of each fot of product. So too. the
production of plasma proteins is neither tnivial nor fully
automated, Hence. the assurance of safety afforded by
current Good Manufacturing Practices may be compro-
mised by human error that escapes audits by the manu-
tacturer and/or the Food and Drug Administration,
increasing the number of production batches to counter-
halance u smaller scale would of necessity increase the
number of operations involved in manufacture and quai-
1y control and could increase the probability of human
ereor

Compared 1o other measures, such as donor screen-
ing and deferral and virus tnactivation or removal dur-
Ing procesyng. restncting the manufacturing scale would
me o relauvedy meftective measure for improving safety.
Sovertheless. screemng i effective only for infectious
agents that 2o be and are screenad for: methods of inac-
tnanon are effecuve only agamst infectious agents that
are susceptible o them, For exampie. there is legitimate
concern about ihe causative agent of Creutzfeldi-Jakob
disease, despits the theoretical nature of the risk of trans-
misinn by transtusion, because it cannot currently be
detected 3o plasma and the extent o which it is inacti-
ated o rems by current tuning methods is
ot known ¥ There is also a prevaiiing apprehension
ahout nfectious agents that might emerge in the blood
suppiy at some future time. Such agents may resist the
chermical or physical methods now employed to inacti-
vaie viruses and, at ieast initially. may be unrecognized
and therefore undetectable. Should either danger mate-
nalize. experience has demonstrated that persons who

infectious agent. Finally, the use of smaller plasma poals
would lessen the impact of pmducl withdrawal when the

jusion of & inated unitina ing pool
is For e, the di is of several fre-
quent plasma donors wnh Creutzfeldt-Jakob disease has
ted on each occasion to large recalls of products.®

The question of limiting pool size may deserve further
consideration and more detailed analyses. it may be pos-
sible to achieve similar benefits by limiting cenain prac-
tices that have a small impact on cost or supply (e.g., not
pooling intermediate batches into larger fill Jots unless
absolutely necessary). The number of donors to whom the
recipients of plasma derivatives are exposed might also
be reduced by restructuring the paneras of distribution
of these prod: For i the distrib of cach
lot of a given product could be restricted to specific geo-
graphic areas. [f al] lots distributed to any one area were
manufactured from plasma pools derived from a specific
subpopulation of donors. the recipients of that product
would therefore be exposed to plasma from fewer donors.
Tobe fully effective, such a program would have to main-
1ain the relationship between a small number of donors
and a smail number of patients over a significant period.
It is not known whether such a program is feasible. and.
in any event. substantial logistical problems would have
10 be overcome.

However. it is likely that greater safety margins can
be achieved by a better scientific understanding of those
infectious agents that are still transmitted by transfusion;
by tmproved, and perhaps broader, screening programs,
by the development of more effective virus inactivation
and/or removal techniques: and by continued. vigilant
surveillance to detect the emergence of new pathogens at
the earliest possible time.
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Hepatitis C Virus Infection

Associated With Administration

RECEIVED
DEC - 21935
REGULATORY AFFAIRS

of Intravenous Immune Globulin

A Cohort Study

Joseph 5. Bresee, MD; Eric E. Mast, MD, MPH; Patrick J. Coleman, PhD; Miram J. Baron; Lawrence B, Schonberger, MD;
Miriam J. Alter, PhD; Maureen M. Jonas, MD); Mei-ying W. Yu, PhD; Paula M, Renzi, PhD; Lynda C. Schneider, MD

Objective.—To detemine the risk of and risk factors for hepatitis C virus (HCV)
infection among persons with immune deficiencies who had received intravenous
immune globulin (GIV) between March 1693 and Febnuary 1934

Design.—Retrospective cohort study.

Setting.—An immunalogy program in a tertary care hospital.

Patients.—0f 341 persons who had received GV betwesn March 1, 1983, and
February 22, 1994, 278 (82%) were envolled. The mean age for the enrolled per-
s0ns was 9 years, and 99% had primary immune deficiencies,

Main O M Evid of HCV infection by detection in sera of
antibody to HGY and/or HOV RNA by reverse transcriptase polymerase chaln re-
action,

d the IGIV G

body to hepatitis € virus (anti-HCV),
and anti-HCV-positive units of plasma
were discarded. More sensitive multi-
antigen (mnd-genenmn) tests were
licensed in March 1992, and IGIV was
produced using plasma donations
sereened using these tests by Novem-
ber 1992, Intravenous immune globulin
manufactured exelusively from second-
generation sereened plasma was first
distributed in early 1993.

Several outbreak.s of non-A, non-B
iated with IGIV admin-

Resufts.—Twenly-three (11%) of 210 persons who

infortod

gard (Baxter Heatthcare Corporation, Deerfield, i b with
none of £2 persons who received exclusively other IGIV products (P=01). ina

multivariate analysis, HCV infection was assoclazed oniy wtm Gammagand pro-
duced from plasma i by second anti-HCV tests
{P=.03). Hepalitis C virus BNA was detectad in Garmmagard, and the risk of trans-
mission {0 recipients increased with increasing quantity of HCV RNA infused, from
© for those who received no HCV RNA-positive lots 1o 29% for the quantite of pa-
tients receiving the greatest amount {P<.001). Alleast 9 different lots of Gamma-
gard were required to account for all cases.

Conclusion—~Gammagard was the only IGIV product implicated in the trans-
rission of HOV. infection was associated with higher quantities of HCV RNA in
Gammagard produced from second-generation anti-HCV~screened plasma. Fur-
ther studies are negded 1o determine reasons for the infectivity of Gammagard, and
viral inactivation and removal steps are needed 10 ensure the safety of IGIV
products.

FAMA 1996:275:3563- 1667

From the Diisor of Vil and Ricketisal Diseases.
Nanonat Center for Infectious Diseases Conters for
{hisease Control 2nd Prevenbon, Atians, Ga (Ors Bre-
o€, Masl. Coleman, Schorber ger, and Alter), Marvard
Maxdical School, Boston, Mass (Ms Baron), Dmision of
Gastroenteroiogy. Chrdran's. Mospdal, and Depan-
et of POaincs, Harcard Madicat Sehoni {0 Jonas),

niet

an Reseatch, Food md Diog Adminiatisbon
aemmm(mxumm)o«m oenu-
noiogy, Chvidren's Hospital, and Department of Pecii-
wncs, Harewd Segicsl Schoo! {Or Schreicied),
Jogeph 5 Btunelmnespcm
toey and Enteric Vius Branch, Centers
Controt and Pravention, Makstop G17, 1“@&!\5?6
WE, Avania. BA 20333,
mwamwmm
Disaass Cortrol and mvmmnop
G~37 IMWRGNEMGA

JAMA, Novernber 20, 1996—vat 278, Ne. 19

INTRAVENOUS immune globulin

have been rep 4,14 All but
one of these outbreaks were associated
with preparations of IGIV that were
manufactured in Europe; one was 8580~
ciated with a prelicensure US product.
Retrospective analysis of these out-
breaks coafirmed these non-A, non-B
hepatitis cases as HCV infections."Im-
mune globulin products IGIV and in-
tramuseular immune globulin) icensed
in the United States have not been pre-
viously sssociated with transmission of
bloadborne agents, including HCV.

On February 23, 1994, Baxter Health-
care Corporation (BHC), Deerfield, I,
issued a voluntary reeall of its 2 1GIV
preparations, Gammagard and Polygam,
in response to reports of acute hepatitis
C among persons who had received Garn-
magard. As of January 1996, 134 cases
of HCV infection among persons whe

placement in persons with i

persens withi

(1G1V)preparationsare human plasma-  had received Gamumagard had been re.
derived products used for antibody re- ported to the Centers for Disease Con-
trol and Py jon, As a result of these
ficiency disarders and for m-mmem of case repor!s, we mmated an investiga-
tion to d rigk and rigk fac-
Intravenous immune g]obulm dxsmb— tors for BCV mfecuan AMong persons
who had received IGIV produrts in the

uted inthe United 8

id ethanol & ¥ S or oo 3.
poois and has been used safely in dlinical
settings since the early 19808, Begin-
ning in October 1991, phsmmadto
make IGIV was sereened using single-
antigen (first-generation) testa for anti-

United States® The results of a cohort
study involving patients with immune
deficiencies who received (i

and other manufseturers’ IGIV prod-
uets st & large infminology center sre
presented in this article.

Hepattis C snd nrEvenous imimune Globulin—Breses &1 &1 1563



METHODS

Patients
All persons followed in the Allergy/
ical at Chil-
dren's Hospital in Boston, Mass, who
received IGIV between March 1, 1993,
and February 22, 1994 (study period)
were, e.liglble for the study. Pm::s with
ul hutory were exduded. Children’s
pital with
16000 admi per
year, and the Allergy/Clinical Immunol-
ogy Program provides treatment for ap-
proximately 400 children and adults with
primary immune deficiencies. This site
was chosen because of the large number
of persons receiving IGIV, the avail-
abl.lxty of accurate data on IGIV infu-
sions, and because, following the recall
of , several persons receiv-
ing care at the dmxc were found to have
evidence of acute HCV infection. The
study was approved by institutional re-
view boards at Children’s Hospital and
at the Centers for Disease Control and
Prevention. Written informed consent
to participate in the study was obtained
from each patient or parent.

Data Collection

For each eligible patient, the medical
record was reviewed to extract demo-
graphic information; pertinent medical
history; the indication for receipt of
IGIV; and dates, dosages, brands, and,
if available, lot numbers of IGIV admin-
istered during the study period. Known
risk factors for HCV infection were as-
sessed by review of medical records and
by a questionnaire corpleted by each
patient or his or her parent. For persons
with HCV infection, data regarding the
acute illness, including date of onset,
presence of signs and/or symptoms, and
Liver function test results, were collected
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mﬁUofnwmblmtribonudem

HCV positive. R Heights,
polymerase chain reaction (RT-PCR), l]l)ndvulﬂ“foldmnﬂyd.il\med.
'uungtnrHCVRNA(md:ﬁed.Am-, aliquots of each dilution
plicor system, Roche Laborstories, Nut-  were used for RT-PCR as described be-
ley,NJ)wupu-formedbynmdcpen— fore? One PCR unit was arbitrarily
ufennce _(Metpath,  fined ss the minimal quantity of HCV
Teta-‘ NJ) fi RNA from which an amplified product
lﬂ)pabgnh,mdudmglllpmmﬁth could be visnalized by ethidium bro-
ALT levels 2.5 or more times theupper  mide staining. The amount of HCV RNA
limit of normal (ULN, 30 U/L) and on (mPCRumt.s)pe:rephauvolumewns
sera from a sample of patients withnor-  calculated , and the results
mal or mildly ele~ ted ALTlevels (<25 mammedulmlﬂpﬂ‘gﬂmoflg(}

epati
antigen (AUSRIA, Abbott Laborsto-
ries), IgM antibody to hepatitis B core
antigen (Corzyme-M, Abbott Labonm-
ries), and IgM antib A

Case D+finition

A “probable” case of acute HCV in-
fection was defined as (1) an ALT level
onSormarehmesLhe ULN with a
d normal ALT

vmm (HAVAB-M, Abbou Laborato-

es).

A list of lots and dates of manufacture
of Gammagard distributed in the United
States during 1993 was obtained from
BHC; for some lots, the relative pro-
portions of unscreened plasma and
plasma screened by first-generation and
second-generation anti-HCV tests used
to produce the lot were obtained. Lots
for which these data were not available
and were pmdueed after April 10, 1993

level, or a single ALT level 6 or more
times the ULN, and (2) a positive anti-
HCV test and/or detectable HCV RNA
by PCR. A ible” case was defined
as(1)an ALT level of less than 2.5 times
the ULN, and (2) a positive anti-HCV
%Rmdlor detectable HCV RNA by

Data Analysis
Statistical differences between groups
were evaluated by x* and Fisher exact

were idered to have been p:
solely using second-generation screened
plasma, whereas lots produced before
this date were considered to have been
produced from first-generation screened
plasma. This assumption is supported
by published data® and information pro-
vided by BHC.

Lots of Gammagard that were admin-
istered to at least 10 persons in the co-
hort were tested at the Food and Drug
Administration for the presence of HCV
RNA by RT-PCR, and the titer of HCV
RNA in positive lots was determined by
quantitative RT-PCR testing. To per-
form RT-PCR testing, Gammagard wns

using a e leted by the

re: dto 10% 1

case patient's treating physician.

At least 1 serum specimen was ob-
tained from each participant between
March 1, 1994, and February 28, 1995.
Alj sera were tested for alanine amino-
transferase (ALT) levels within 24 hours
of collection. Additional sera were fro-
zen within 4 hours of collection and
stored at —70°C. These specimens were
tested for anti-HCV by a second-gen-
eration enzyme immunoassay (EIA)
(HCV EIA 20, Abbott Laboratories,
North Chicago, 111) at either the Hepa-
titis Branch, Centers for Disease Con-

(IgG) with phosphate-buffered salme
(pH, 7.4). A 4-mL aliquot of each recon-
stituted solution was incubated with 0.4
mL of proteinase K (15.5 mg/mL, Boeh-
ringer Mannheim, Indianapolis, Ind), 0.5
mL of 20% sodium dedecyl sulfate, and
0.1 mL of TEN buffer (50 mmoV/L Tris
hydrochloride (pH 8.0), 1 mmol/L so-
dium ethylenediaminetetraacetic acid,
150 mmoV/L sodium chioride) at 60°C for
1 hour. Then, 0.5 mL of 2 mol/L: sodium
acetate buffer (pH 4.0), § mL of buffered

test for dich les and by
the Student ¢ test or Wilcoxon rank sum
test for continuous variasbles. P values
less than .05 were considered to be sta-
tistically gignificant. Multivariate analy-
ses were performed by logistic regres-

sjon. For each participant, the amount
of HCV RNA received during the study
period was calculated by multiplying the
units of HCV RNA per gram in each
particular ot of Gammagard by the num-
ber of grams received by the patient
from that lot, and then adding the units
from all lots from which the patient re-
ceived product.

RESULTS
Ch of Study F
Of341 e.lxgible persons, 278 (82%) were

median age of persons en-
rolled was 9 yeus (range, 10 months to
65 years), and 160 (58%) were male.

wu the mdxcnhon for IGIV therapy for
276 persons (99%), including common
variableimmunodeficiency, 195; IgG sub-
class defici 48; X-lmked

cAohanerm: ’
13

saturated phenol (Gibco BRL, Grand Is-
land, NY), and 2.5 mL of chloroformy/

trol and Prevention, or a lab Ty us-
ing the same methods.

Py

lalcohol (24:1) were added and
mixed th The rest of the RNA

repeatedly reactive by EIA were tested
by a supplemental assay (MATRIX
HCV, Abbott Laboratories, Abbott
Park, IlI). Sera testing positive by both

1564 JAMA, November 20, 1996—Vol 276, No. 19

extraction proeedure has been previ-
ously described.? The resulting RNA was
dissolved in 100 L of diethyl pyrocar-
bonate-treated water supplemented

3;

globulinemia nf infancy, 7 ataxia-

belmglechna, 8; X-linked hypex\-IgM
B'uvere bi

deﬁnmcy 3; hyper-IgE syndrome, 2;
DiGeorge

Fiatod di

mosideroeis, central nervous uyatem

mcmmmsm»—e«esee‘mu
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Tubls 2—inckience of Hepatiis C Virus (HCV)

Infection Among Intrvencus immune Globulin {KaIV)

wwwvmmwnmmmam

ne Clobuén (1GIV) Vartable Pxtients No. (%) Riwk [
Mo HCYRNA  Age.Y
Posltivaiio. < 130 4 o2 0107 ]

ATlove” AnHCY Ho | TVeewd(¥) 35 iz 903 o x5

228 [Posem 22 2u205 =

Nopebes 7 2104 ‘aie 157 15(10) 187 8831 ] s
1124 ""'"',”l. < Fomaie TS 1)
e - TN —~mperrrwe -
=0 oot 211 m?%?’! Yoo 1 1) on 0.45.4 ] 150
Tetat CPosl | 26 XIS () Ho k=24 2
[ Negmve 252 154 (3) Brani(s) received*

“Vakiny are muktiples of the upper Bk of e or Yoo 210 E-I00) Un ' lioed  Undefined ] o
A N (3 )
vaseulitis, and immune thromb Yos 129 1018) 078 0.4-1.7 ] 7
nic purpura). Persons enrolled were No 133 13 (10}
younger than persons not enrclied {me- esger
dian age, 9 vs 13 years; P=008) and ¥as 147 w0 060 313 ] 2
were more likely to have received Gam- No s By -
magard {80% vs 50%; P<.001). The Gamimwret
groups were similar with respect to sex, Yos 6 1@ Ld 80315 ]
indication for IGIV, and dose of IGIV No 28 2010 09

i o

received, Dooﬁ Gammagard, gt o 0o
Laboratory Testing 140 £l o)

Of the 278 persons enrolled, 65 (23%) A1 il EIC] oo
had ALT levels greater than the ULN neeed 5 5011)
on at least 1 test; 28 {10%) had ALT =285 &2 Wi

levels 2.5 or more times the ULN (Tuble
1} Anti-HCV was detected in 26 per-
sons {9%), including 22 (76%) of the 29
whohad ALTlevels more than 2.5 times
the ULN, 2 (6%) of 36 with ALT levels
1.1 10 2.5 times the ULN, and 2 (1%) of
213 with normal ALT levels.

Of the 26 persons who were anti-HCV
positive, 21 (81%) had detectable HCV
RNA by PCR compared with 3 (2%) of
the 154 persons who tested negative for
anti-HCV (Table 1). Of these 3, 2 had
X-linked agammaglobulinemiaand 1 had
common variable unmumdeﬁmencywil.b
reduced T-cell function and no h !

*Beand and doce o IGIV were avaiable for 262 of e andt
Destiold, 11, Frasgam, DN, Vienna. Austrie: and Gemimune-N, Bayer Com,

Potpgam, Baxier Heaithcare Com,
Berkeley, Caif).

e anslyses

$Catagocies graater than O reprasenit quarties of tho doses teceved by #he oovort.

¢ for vord.

veceived transfusions with blood prod-
ucts other than IGIV, and 14 were non-
case patients (10 had received transfu-

receipt of larger doses remained a sig-
nificant rigk factor (P=.01). All 6 per-
sons with posslble cases also received
No cases were detected

sions and 4 were employed as health
care workers). Seventeen (74%) of 23

- probable case patients reported signs

and/or symptoms of hepatitis, with dates
of iliness onset from Mareh to June 1994,
None of the case patients had serologic

id of acute hepatitis A virus or

ponse to speeific on previ-
ous testing.

Characteristics of Case Patients
Twenty-nine (10%) of 278 personis had
evidence of HCV infection (anti-HCV
and/or HCV RNA positive); of these, 23
(79%) had probable cases of acute HOV
infection and 6 had possible cases, Only
the 23 persons with probable cases and

L itis B virus infection, and none had
evidence of other eauses of hepatitis.

Relationship of Dose ami Brand
to HCV infection

Fifty (19%) of 262 persons recewed
only G d, 160 (61%)
Gi in addition to pther brands
of IGIV, and 52 (20%) exclusively re-
ceived non-G: products {the

the 248 noninfected personsare mciuded
intheanalysesp d here,

ammagard
brand of IGIV infusion eould not be de-
¢ for 10 p c

ircluston of the § persons with possxh
cases did not alter any of the assoda-
tions detected. By univariate analysis,
older age was associated with increased
nisk for HC'V infection, whereas sex and

virus infection was associated with re-
ceipt of Gammagard, but not with re-
ceipt of other IGIV products (Table 2).
The attack rate was 11%(23’210):mong
all persons who received

among persons ‘whe did not receive Gam-
magard.

Relationship of Specific Lots
1o HCV infection
Lot numb drrsini i

able for 201 (96%) of the 210 persons
who received Gammagard. Patients re-
ceived G: from 8 median of 7
different lots (range, 1-31). A minimum
of  separste lots was to ae-
count for &ll 23 probable cases. Ninety-
one different lots of were
administered to the cohort during the
study period; 48 (63%) were produced
from plasma sereened with second gen-

eration anti-HCV tests, and 43 (47%)

tion anti-HCV tests. The lot-specific at~
tack rates (number of case patients who
received the lot divided by total number

the presence of known risk factors for md 14% (7/50) AIING persons who ex-  of persons who seceived the lot) for all
H fection were not dated with l. More-  lotsadmini d to the cohort produced
infection (Table 2). Of IGIV recipients - over, therisk of HCV infectioni ith second. i d pl

with known risk factors for HCV infec-  with receipt of larger doses of Gamma- (2001191 [16.8%] were significantly
tion, one was a case patient who hud  gard (Table 2). After sdjusting for age,  higher than rates for lota produced with

JAMA, Novermber 20, 1996—Nol 276, No. 19
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nnscreened plasma or fivst generation Tna—mwdmcmmm Among Gammagard Recipients by Exposure 1o
screened G864 [101%], HOV RNA-Poive mur«wrvhﬂ;wwdwmmm
P<O0T. lnn;ﬂ?m“;cgy wmivariate ARHCY Tots .
ana}yms, o infection in- Toka No. HCV infaction,
creased significantly with !eeupt of Variable of Persons. No. (%} r
higher doees of Gammagard prods Fiaosiot of HCY RiA-postive ks . e
from second-generation -mncv- ond o1
w'eeued plasma, and wlt.h G No s — ¥ 0o
df No._ of inkusions of HCV ANA-pootive

erationsereened plasma(Table ). None None @ om
of the B persons who received Gamma- hind L ‘:m ~ ooig
gard exclusively made from d =5 8 29
or first-generation screened plasmabe.  Oumndty of HGV RNA ntused, U't - om

Gnr:gxguﬂ lots produced from % * 1
plasma sereened with 1osoar . : :::3 R
anti-HOV tests were more likely to be 2706509 .
HCV RNA positive than lots prod Z8510 s L] (29
with unscreened or first ti-
HCV.screened plasma (2136 vs 08, “"‘;g"‘"‘“ SHOV-sTserad piasma, 7t . PR
P<.002). Receipt of IGIV from lots posi- = r T
tive for HCV RNA was si P rea 705 o
associated with infection (Txble 8). The Te = e J
attack rate increased with increasing =
number of HCV RN A-positi R - ipsbioiprisc R _
received and with i i ] (] {0
of HCV RNA infused. No HCV infec- 23 3 510
tions were detected among 37 persons 3064 43 36 et
who received G: , but who had 65174 50 8 {15
"e‘ifi"?d only HCV RNA-negative lct;};‘. =175 ) "oy |

ariables sizmificantl iated wi

the risk of acquiring HCV infection by o e, v
univariate analyses were analyzed by  Gammagand recsived by 1 paricionnt could not be cakculatac, a5 the HCY RNA-{6kie 0t recowved was ndf sasted
multiple logistic regression. Analyses wmmmm

were performed using continuous vari-
ables except for dose of first- and second-
generation Gammaguard, which were ana-
tyzed as categorical variables; for these,
the data were split by median dose into
2 high- and low-dose category. In these
analyses, the gquantity of HCV RNA
received (odds ratic {OR1=1.07 per 1006
PCR units: 95% confidence interval [CI],
1.04-1.0% P2.01) and receiving 2 high
dose of (ammagard preduced from
second-generation anti-HCV-screened
plasma(0R=5.3;95% C1,1.1-24.8; P=.04)
were independently associated with ac-
quiring ECV infection, whereas age
{OR=18; 95% CI, 0.97-1.64), the num-
beref HCV RNA-positive G

infection was significantly assoeiated
with the dose received of Gammagard
produced from plasma screened with sec-
ord-generation anti-HCV tests. In ad-
dition, all cases of HCV infection were
among persens who received Gamma-
gard from at least 1 lot that tested posi-
tive for HCV RNA and there was &
dose-response rel

generation tests, screening with second-
generation anti-HCV tests may have
removed virtually all complexing anti-
bodies from plasma used to make IGIV,
compromising the ability of the manu-
facturing process to partition HCV into
nen-immunoglobulin fractions™ and re-
sulting in ah:gher proportion of HCV in
the i din fraction.

HCV infection and the quznmy of HCV

RNA infused
The dose-response relationship be-
tween receipt of higher doses of Gam-
duced from i

Why was HCV infection only associ-
ated with receipt of G: when
all manufacturers of IGIV products in-
snmtedaaemmofplasmawnh second~

ti-HCV tests? G

plasma
with 4 anti-HCV tests

lots recewved (OR=0.9; 95% CL 08 L),
and dose of Gammagard produced from
unsereened or first-generation anti-
HCV-screened plasma (OR=1.5; 95%
C1,05-4.6: were not associated with in-
fectior.

COMMENT

This is the first oceurrence of HCV
transmission associated with a commer-
clally hcensed immune globulin product
distributed in the United States. Among
persons in this cohort who received Gam-
magard, 11% became infected with HCV;
no HCV infections were found among
persons who received exdusweiy other
IGIV products. The risk of acquiring
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and HCV infection supports the hypoth-
esis that screening of plasma with second-
generation anti-HCV tests adversely af-
fected the safety of the product. Despite
initial concerns about the safety of IGIV
made with anti-HCV screened plasma,’®
the use of first-generationanti-HCV tests
for screening of donors was shown W
reduce the concentrationof HCV by 83%
in a plasma pool composed solely of anti-
HCV-negative donations compared with
anunscremed plasma pooL“ ln addition,

is 1 of 8 IGIV products that did not
include a viral inactivation step in the

manufacturing process during the study
period. The absence of & viral inactiva-
tion step in the manufacturing process
of Gammagard may have left the pro-
cess unable to eliminate infections vi-
rus. Other d:ﬂ'erenm in pmducuon
methodsh d and other
IGIV products, such as subtle modifi-
cationsin the Cohin-Oneley fractionation
process, differences in viral distribution
gnu::lgﬂ the ldditi(:ml processing steps,

P Y
do that IGIV !

explainth rence of HCV infe

from i L HCV- d

among of IGIV from a single

plastea did not transmit HOV.2 How-
ever, in contrast to screening with first-

facturer. Sincs mltiple i
factured over a several-month time pe-

Hepatiis C 8nd intravenous immune Giobulin—&resée et at
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viod would have to have been contami. mglesibe,ﬂledauahouldbegeunl ‘thwghmﬂlﬁPleMpslmhkmtode-
nated to-explain the occurrence of all  izableto crease the p of
cases in the cohort studied in this ar- ofmfechanmnuthmﬁed to specific’ vmmﬁhytbeaepmducm.Ast.heFood
ude,asmgiem errorisan  lots, but was associated withthe typeof  and Drug Administration has requested,

ion for the outbreak of plasma used in production.  all US-licensed IGIV products now have

ln J\me 1994, the US Public Health
Service recommended that persona who

vrdmmonm;:smdudedmthe
a3 & method to

for ALT and anti-HCV. Screening was
slso recommended for persons whe had
received another IGIV product manu-
factured by BHC, Polygam, whichis pro-
duced using identical methods, but from
a different plasma source (ie, volunteer
b od donors), The reported sensitivity
of second-generation EIAs foranti-HCV
among immuna-competent persons is
wbout 9%, and most of these persons
become anti-HCV positive within 6
months of infection.*® However, be-
cause of concerns that anti-HCV would
not be detectable in persons who were
immunocompromised,™® and because
the timing of anti-HCV response among
immunocompromised persons was un-
imown, PCR testing for HCV RNA was
ded for persons with el
ALT levels but whe were anti HCV
negative on repeated testing. Theuse of

process
further reduce the likelihood of vira!

distributed m the United States were
d to this cohort. Potential  transmission. Additionally, all immuno-
limitations of Hm study are tbe pm globnhn pmduda (including intramus-
bility for ad butins, which have not
ficution biss. The sttack rate may be beenxmswdmthhepaﬁﬁs@mz
.verestimated if persons withsymptom-  lack & virsl insctivation step(s) are now
i screened by PCR tests for HCV RNA,

HCV mlectmn wu'edlindnded & case
if;
were umnfecwd, the rate of scute HCV
infection smong G users
would still be 9%. Misclassifiestion of
chronically infected persons is unlikely
because of the exclusion of ease patients
without marked ALT elevations (who
would be more likely to have chronic
disease), the lack of other risk factors
for HCV infection amang the case pa-
tients, and the strong temporal associa-
tion with IGIV produced since April
1993. Because of the unavailability of
some lot-specific distribution dats, we

ALT and anti-HCV tests as
tests in IGIV recipients is supported by
this study; ALT and anti-HCV sereen-
ing was 96% sensitive in detecting HOV
infection compared with PCR, and only
1 person with X-linked agammaglobu-

could not esti the total number of
persons infected in the United States.
However, given the high attack rates in
this cohort, we would expect that the
number of case patients in the United
States ascertained primarily through
passive reporting rep an under-

linemia and absent humoral
who had normal ALT values and who
lacked detectable anti-HCV had evi-
dence of HCV RNA by PCR.

Despite conducting this study in &
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inactivation and partition of human T-ceil lymphotrophic virus, type lit, during ethanol tractionation
of plasma

MARTHA &, WELLS, ALEC €, WITTEK, JAY S. EPSTEIN. CANOL WARCUS-SEKUNA. STLVESTER DASIEL DOWALD L. TANEERSLEY.
N, SUL PRESTON. ABD SERALD V. QUINWAN. IR

Rivisien of virelogy snd Division of Blood snd Bicod Producte, Offite of 3iciopics Research and Xevisw, Centar
for Drugs anc Bislogics. fond and Drug Administraiion. Belhesda, Nacpiund

Raewived for publication Javuury 13, Y886 rovizion toceives Jenuary I1, 1986, and sccepted Jawuary 28, 184a.

ABSTRACT: because of concarn about the safety of iwaune $isbuling prepared £or anjeccion, we studied the
ffects of sthanol fractionation of humsn Piarma on PURAL LYWBhOLroPic virws. rype LIL, (HTLE-IID) by IPIRING
the products of vatiour Jraciionation #leps eath MTLY- 11D, Teste of inactivation and cemows! indicstes -nat
the ratio of TARidUSl 1ive virus i piawss rac:.One/live virus in starting plasas was svowt i x 10735 tar
precapliate 11 from whach imwune p1odalin for in)etion ix senufmiturad. The resslits ave Teagsuring regarding
the potentisl safwiy of iwewne glodulin.

the virus which causes the acquiced iesuno Chemical, St. louis, M) At 2 ug per ml var addwd
deficiancy syndrame (AIDS). variably designaced for 1 h pricr te virus inerulstion.  Yirus suspen-
man T-cell lymphotreoghic virus, tyse 111 (¥TLV. 11006 werw Lesind in Suplicats Ar triplicats serial
311}, iywphadenopathy-asscciatod virus (LAV) and - fo1d Sillutions prepaved in medium with 7 ugp pec
AlbS-azsociated rervovirus (ARV) is teanmesticd oy L 18 rn1§nnn= and sdded to call suspensions of
PACERLETAL WXPOSUPE to conLaminated dlosd (i-1) and 3 x 307 celis in & rotal voluse of 1 al.
tlatiing facior concentraias (4. %), Although thefr Aliquols of wach wirus dilution wers silowed o
bave bean no Tapertad cassr of AIDS resultong trom adsory for 80 min. washed onge, sndé medium ves .
receipt of imewns glodulin producis, corcern about #ddod to give (1mal call concentrations of
their cafety has bemn expressed, eepecially fer 2.5 x 10% cells poc ml. The suspensioas wers
imeune globulin adninistersd intraventusly. Sowe divpensed in Z.ml aliquerr inte wells of ze-wsll
Ntudies of HTLV. I11 insctivaiion bave hoen ceported plaztic tissue culture pistas (Felton, Denard, CAY,
using heat, ultraviclet and games irradiation and covered. placed in plastic bags and incubated at
various chamicals (7-131. Inactivation of MTLV- 1)1 I7°C in a5 percent CO2-in-adt mamidified
by alcehol $c pariicularly rslovant to the zalety stmosphere  The olxtes were malnteined in medius
of temene globulin (10.11.133. & 18 1 ug per ml of Polybrece for & to 4
eveiuation of the capacity of the Cohn Ontley wrake and campled 2l intervals hroughout. Remuits
altohol fractionalion process to ramove infrctinus of infectivity assays were bassd oo observetions
HILY 110 has not Bren published.  Wn roperl here for syronl iv antigen by
the resulic of such studies.  We studied the wnal luoTecsence anany (IPA). atd Tavarss trans-
¥ineticr of inaetivatios of WILY-TL1 By warying TCiPLese (KT} and sntigen- capture engyws-iinkad
entgentrations of ethangl n different plasma 1mmsnosorbent ssseys (ELISA) of call culturs
frasteons  we alse ttudicd the partitisming and flulds. Cultures were routinely menitorsd By twe
iosctivation of WYLV 11} during eath step ain the 9T Lhtec of the methods. and results obteinad oy
production of jmmune globulin the different wethods wacs always concordant within
ohe dilution. The highest dilution producing
Hethods sng Matsrisls #ofitive resulis waz considers$ Lo contain one in
. . vitrs infectious unit (IVIUI. T sssays wers per-
¥itus and cell lynes - formad as descrided by Poresz, et al. {16). The
1FA teste anvolived fixation of tells in told
The human T Leukemiz cell line (X9 celis). ang wcetone for 10 min. s6d use of & homan AACI-KILY.
the chooricaily wafecied. WILY. I1i-producing 111-8 T11 teeune globuiin praparstion and & gost anti-
clone of this cell line were pravided by be Roderi human glodulin conjugated to flusrescein isothye-
Calie fharional Cencer Institute, Bethesda, RO transte. Noderately intense flucrescence involving
(1.35-15). They were maistained 1o culture an BL laast 5 percent of cells was considersd
RPHL 1640 medium supplemenied with 10 porcent fetal Pasitive roacison.
bovine rerus (FBS), peniziiiin, strepLowycin and The antigen-capture (luccescent ELLSA for NTLV-
glutamine.  Wedium was harvested periodically from 1LI was performed on miccntiter plates {Dymatech
the 1118 coll sultuces for ure as viruc nocula LABDIAtOTINS . Alexandrix, VAD toated with husan 15C
¥irut was concenirstad from these coll culturs deraved from o patiant with AIDS.  Sampls cultuew
fluidz by precipitation with polyethyiene glycol zupernatants. as well ax consrsl WILV-III infected
(PEC. Carbowax OGO, bicher Sciemtific. Fitusburgh, A8d uninfected W9 cell eultury supernatents,
FA) 420 prrcent (vivi mixtuce of PEC i ceis Siluted wn equal volumes of ] percant Nonidst PaQ
tulture fluid wae placed at 290 for 2 B (5ipms Chenical Co., St. Lowis. M1 in 1 ¥ ¥aC)
Hged 3t 1100 a g far 3O win mt 90, then were added 12 welis and sncubdates svernight &t
NERE 3L 1410 or 12100 1he Sr1BInat voiune ITPC Antigen dexsction invelved sequential
Thir precesi conzistanlly proguced x cancentrated 1ok AneuB3Lions of the piates with serus from
VIirur wothoot 1ors of snfeciivaly snoSur avsars FABBIL rrunized with RILV.-IY! core prossin (pla},
followsd By alkaiine phosphatyse-conjuksted font
Varalondestiviey swsavs anti-rahbit 1gG (BoehTingsr-Mannhain Riochemicals,
H [EPR EA iy of the f
The M9 zell line was ured for ampectiviey - ¥ Titerys Sigmal,
Asiys  hexasimecarine bromide (Pulycrens. Sig wag with &n 4 €

210
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TRANSFUSION
hh¥al 26, Ne. 2

gpectrophotometer (Microfiuer 600, Dymatech). &
reactivity indax (KX} was calculated ¥y dividing
the cample fluoreacence Wy that of the Megative
control sfter ¢arvweting sach for the blank,
Sampies with an RI grestar then 3.0 (eyproximately
95 parcent upper confidmce liatt for segative
controls) wars conkideced pecitive for HILV-ILI
core sntigen. In nome axperismnts the test wes
used to quantitate ralative ssounts of antigen in
vatious . Yiews ion was
propoctional to R ¢r? » 0.8, »<.01 in all
Buch experiments}. Ralative smounts of satigen in
N 'y

waing e
comparizon of the dllution curvas.

Inastivation ef MILV-LIL by sthanol snd Semsenl by

the Aer ASD PIOCARE

To study kinetics of issctivation of NILV-III by

athanol, samples of cryopresipitate-poir plasma,

> I1Y were
with 5 percent sthanol te Lhe desired alcohod
concentrations, the mixiures Brought to -3%C,
ané FES-concentoared NTLV-IIL, prechiiied in sn
ics-water bath, was sdded. IThe mixtutes were hald
st -3%C for the desired Lime, Siluted 1320 with
madium, the virus precipitated with FIC, and then
suspended in medium for testisg.

To tes: partitioning snd Anactivation of virus
during formation of cryeprecipitsta. HILV-III wes
zdded to freshly-drswn citrsted plasms. The
mixturs was placed &t «20°0 overaight. thewed
slowly st 4%, centrifuged si 16.000 x g for 15
min &t 4%C, and the fractions separsted for
tarting. The virus sonsentrates sdded to this and
othar fractions ware prepared by precipitation with

PLASMA

NN

FACTOR viui

¥

MUECIHTATE |

PRECHITATEN SPERATART 1T

>

PRECPIATE piotiie SRR T AT 1t

>

PRLCPTATR 14 MPEMATANT TH

>

PRECHTTATE 1L BUPEMHATANT

IMMUNOGLOBULIN

Fiz. 1. Schematic disgram of Cohn-Onciey
fractionation process studisd for effects on
HILV-II1 infectivity [Ses text for methods).

INACTIVATION AND PARTITION OF HTLV.ill 211

PIC from tissue culture medium. Yo test the
affacts of other stegs in the production of imsune
SIOMLin, virus wnx added 5t each stap and parti-
tioning and inactivetion st ssch step wers
detarmined.

Piasms {raclionation was carcisd out under
aseptic conditions by the wathods of Conn (17} and
Oncley (18} which stw sumsarized in Figurs 1. &
siagle unit of plasma wads from Dlodod drawm iate
citrate-puosphate-daxtrous (pH 7.12), negative for
antibody to KILV-II1, was ¢ooied to O%C and
alcohol (3DA-JA; 90% stbanal, 5% sethanol, 5%
water) was sdded wp Lo 4 concantration of B percent
{all alcohal parcentsges are v/v) 88 the tempara-
ture was lowwred to -39C. The precipitate
(fraction T) was removed by centrlfugation
(16,000 x §, 15 min, <3%C) and discarded. The
supernatant I was sdjusted to pH 6.75, and alcohol
was added up ko & roncentration of Il peccent while
lowering the temperaturs to -S°C. The precipi-
tate T1¢1I1 was coliectad by centrifugation
14,000 x 2. 15 min, «5$°C) ans suspended in 12
wolumst of ice water. This sclutlon {pK ¢.13) wes
Lhen Brought to 20 percent slechol whils cocling to
-$%C.  Ihc pracipiiste TI4YIiv was collected by
centrifugation ss sbowe. redisscived in 17 volumes
af ies water, ssiusted to pR 5.3%, and sicohol was
added 10 17 parcent while cocling to -3%C.

This sixture was cenirifuged ss sbove, precipitsts
I war &3 and the 11T was
adjusied to 98 .27, Yhess samples of plasma, -
i, TIexiI, i
TIilllw, and supernatant TED wers Drought to the
apPrOpriats temparsiure (0% for plesms,
suspenzion I1leIIl, and suspension II+Iilw; -5°C
£or supsrnatant 1 wnd supacviatant II1), then 1/20
volums of PEC.concentrated virus, at 0°C, wae
added. Thess spiked saaples of plasms, suparnatant
L. muspansion (1+11), suspension ITeIllw, and
Supernatant 11l warw conled to ~5°C while
alcohal was sdded to achkewe final eoncentratlons
of §. 21, 0. 17. and I3 paccent. respectively.
The supornatani 111, at 25 percent ethanol, was
kept at -39C for 24 b, wherses the other
samples were held enly 2 h prior to centclfugstion
(16,000 x g. 15 min, ~3°C). Zach precipitate
was resuspendsd dirsetly An medium for tasting: the
supecnatants were {irst dlluted 1:20 in medium and
precipitated with PEC {to eemave altuhol), then
resucpended in mediue for Lesting.

Bepgise
Insctivation of MTL¥.I1] ge o funstion of sehanp|

soncenteation and time

The effeciz of etnanol on HTLY- 111 infactivity
in plasma fractions are shows in Tadia 1. After 30
®min in 10 to 20 percent ethanel in cryoprecipliste-
POOT piasma. virus Liter was reduced by 1071 or
1072, after 30 min in 25 to 40 percent ethenol,
Liters were reduced to less then 1 X 1074 times
the starting titer. Similar resulte were obtained
in a second exparisent of this typa. In super-
oatant 1 and supernatant XXt insctivation oceurred
mare slowly thai in cryoprecipitats poor plasma
Residual infectivity wus detecied in the: super-
natants afeer 74 to 48 h af exposure to ethanol.
In additionsl sxperiments (not shown). inactivation
of HILV-ILL in wnprocesssd plasma by 25 peccent
sthanol cccurced at » rate of more than 10° IVIU
per ml in 30 min.




348

b 1v] WELLS ET AL.
Tabis 1. Inactivation of WTLV-II1 added 1o pissms
fracticas s & function of ethsnsl
concantration and time
Tlasms thenol Time
¥raction Coneantration af Infectlvity
Jested 1 I¥Iusml
Cryo-poar Flasme [ 30 min et
10 - 103
20 - 102
28 - <10?
10 M <10?
a0 - <108
Grys-puor Plasma 25 0 wt

10 min w?

36 min <108
in <0?
2n <19

Supscvstant T 3] o w04
2n 103
24 n 00
a8 10!

Supernstant IIY 3 s 103
zh 1?
N 107
8 10%

Partivioning of MILV:II! during plagma (ractjonation

To svalunte the efficacy of the Cohn Oneloy
process in rawoving or insctivatisg HTLY- {11, virus
was added Lo warious frectisns prier o precipits
tion, as susmarized in Tabla 2. The titer of virus
i the plasms uked to forw the Iryaprecipitste.
after adsition af FEC concentrated WILV.1il. was
sreatar than or squsi to 1 x 10¢ 1VIU per al
Aliquots of a dif(srant concentrated vicus prepars
tion were added ti squal volumes of esch of the

TRANSFUSION
VoL 2. Ne. 284

sther to be ™
masn titer & 5D of thess othar fractioms
immadiately after addition of thim virus pocl was
4.0 ¢ 0.5 logyg IVIU per ml. The Anfectivicy

al b 1 Eraccions in
the experiments whown in Table 2 yiwlded ldemtical
Tesults in the duplicats tests. It was found by
ELISA that more antigen partitioned inte

than Thare wers Virying

degraes of Teduttion in infectivity st esch tep
compared to the starting titar of the spiked plasma
tractions (1 x 104 IVIU/Ml), These reductions
were éue in part to partitioning #nd in part to
inactivation. The results shown in Yeble 2 «cw
similar to thowe obtained in additional experiments
inveiving splking of plasma. cryvoprecipitate-poos
plasma, supernatant I, and precipitate Ileitlv. la
the repested evperiment to exsmine frastionstion of
plassa, the iafsctivity of cryopracipstate formed
was one-teath of the infsctivity of the plasm from
which it was ahtained, whils tha relstive titers in
the other Fcactiong were simiiac Lo those shown in
Table 2.

blicugsion

Ethancl aspeared to b wers sffsctive for
inactivatiag NILY-I11 in plases-er stysprecipiiste-
poor pissms then in plases Irsttiews frem sudse-
quent steps in the Coln-Onclay femctisnation
Partitioning endlec inactivation of virus
veeurTed st maat steps in the precesn. Thess ..
tesults previde & benis for assessing the petenfiel -
safety of Lmmwme glebulin fractiows fer lmea -
administratisn. :

Tmmune §ishulins sre produced ¥y metnods
seneraliy siallsr 1o that represented ia Figure 1.
¥alidation of for
effsctivenest in slisination of XTLV.-III will be of
valus. The efficiency of sach of the six stess we
studied in cemoving virus raagsd from 10! to more
than 10% IVIU par ml.  [f the asmmption is made
that the afficiency of sach step i indspendent of

Table 2. insctivation and partitienisg of HTILY-I111 during the Coln-Oncley fractiomatlon process
. roastisns
Srerting Suspsnsion infectivity Antigen Contant
Pissma Praction Iyjusmi L of n&l‘t
Plasma Ceyoprecipitate aot” ”s
Cryo-poar Plasms 103 H
Frosen thawed Plavms Precipitate 1 104 +5
Supernatant 1 10 13
Suparnstant 1 Precipitate TIeIIX 16! (13
Supernatant Ifelll <as® s
Surpension of Precipitate tletIlw 10% "
Precipitate I341IT Supernatant TI+Iliw 100 1
Surpension of Pracipitate 101 10* ”»
frecipitete TE4TIIw Supernatant I <ae® 0
Supermazant IT! Precipitate 11 1wt "4
Suparnarant T1 <a0® 6.a
“Infectious virus wks detected in the most dilute specimen tested.
TReiative reactivity in ZLI1SA of antigen :n precipitatus (F) snd (5) was Antigen per-~

tenl in precipitate was caiculated sa [(P/5)7(1 » P/S)) x 100. Antigen parcent in supernatasat was calculsted a
100 - percent 5! sntigsn in precipitate. The data are consistent with recovery in PeS of S04 of apiked sntigen,
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1he SLarting titer st the begianisg 3 the step,
1he cumsiative sfficiency of the entire s% iz
calcuiated to e such that infectivity is reduced
Py move thas 1 x I¥XU par mi. The rexults
of our stusiss afe consistent with othwr pudblished
date €10.12.13) indicatiag seasitivity to ethanel.
wuline sceeening of Rlood and plawss donors io
the United States indicsres Lthat 0.17 to ¢.J per-
cent of donors have antidodins repestably reactive
in KTLV-TIl ELISA screening tests {14,20). Appcox-
imately 3.3 pav sach 10,0200 Diesd donors tested by
toe Amarican Red Cross have wntidadies so NTLV
based on Westarn blot analysis (pursenal someuni.
cation. Dr. Roger Loddi. Cutrent sctwening tests
are rstivarea co 3 ko ¥9.0 parcent sonailive
far detasting antibodiax in sara fyoe HKILV.1Li-
infactad persons. Our own studies indicate that
the geomatric mean infwctivity titer of plasma froa
43 FTLV- 111 infected patients wer 0.02 IVIL per m)
(Guannan. unpublizhed data). Thaws studies
included specimens from nine plasma donwors and
aleven hesithy homossxusl men with matibodiex to
HTLV- 111, nine homo: nul man with ehroniic Qymph-
patients with
AXDS. 1f k is un—e Thst the l.nheuﬂty of
plasma from KTLY-IIL dlovd and
piasms donors is similar sad the rates of infesiion
ars as suBmaTized above, it can be estimsted that 2
1000-1iter plasea poci would contain adeu: 1.4 Iy
$on0rs sn8 Leat thao o

doncrE. Thase sstimstes might de Loo lovw {f the
pissms specimens we tezted were less infectious
than thess of typigel KTLV-Ili-infectad dlood
donore or if WILV-TI1 in plasme is wore infectious
for rumsns than for ceil cultures. Por sxampis,
there is evidence that plasss from infected peopls
who do not yet have antibodies tuo NTLV-I1I may heve
ralatlvely high concenteations of virue (pecsonsi
communication, C. Vyas). fven Lf the infectivity
of plasag is higher than thease sstimates, the
efficiency of the process we studisd in removing
virus €ar axcoods Lhat needed to swsues lack of
infactivity of immune globulin prepsrations for
injection.
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respiratory satus is usually regained in a few months, Respiratory
complications are slightly but not x:gmﬁmuy higher in bilateral
internak-thoracic-artery bypass grafiing. We do not select patients
for internal-thoracic-artery bypass surgery an the basis of preoper-
ative ventilatory function.
Unadjusted and adjusted musuca! cnmpanscns wete made be.

May 29, 1985

recipient knows whose bloed he or she has received. This may place
a donor in a pesition of legal jeopardy.

Widespread acceprance of the concept of “directed donations
seriously threatens the blood-transfusion system in this country
The current system of using aliruistically motivated voluntesr
donors lsdc!lg'ned 10 supply blood and blood products (o patients,

tween patients who received an vy graft and
those who received vein bypass gralts oaly. Since thers were differ-
ences in preoperative clinical characteristics between these groups,
statistical procedures that adjust for such differences were em-
ploved. The statistical method used fo test survival differences be-
tween the internal-thoracic-artery group and  he vein-grafk group iy
similar in concept to a multiple-segression moded, a!xhough the des
pendent variable is the time o death, As in any regression analysis,
factors that explain a considerable amount of the variability in the
dependent variable are entered into the regression model. In our
series, 2 model was developed in which these factors were inisially
forced into the regression model; for example, age was enteved into
the modet o that any o survival due fo di in age
distribution benween the two groups would be adjusted lor by the
meodel. Age, gender, severity of angina, «xcm of roronary athero-
sclerosis, left function, of £

tion, and vear of surgery were simultaneously forced into the model
56 that the associztion of these factors with survival would be taken
into account. Then we tested whether any of the remaining diffe
ences insurvival could be :xphmed by the preseace of an ingernal-
thoracic-artery graft. L isons were 35 p

16 show that resuits differed between the’) groups even without com.
plex statistical Given the o in b pa-
tency rates between the internal-tharacic-areery graft and the vein
graft, a properly designed randomized trial would be impassible to
conduct without bias and wauld not be cthically sound. Thus, an
observational studv with appropriate statistical conteol may be the
most practical approach,

Frovo [I. Loos, M.
Mareexe Goorsastic, M.PH.
GEoRGE Wittiaus, PH.DD

Cleveiand. OH #4108 Cleveland Chime Foundation

AID3. BLOOD TRANSFUSIONS, AND DIRECTED
DOXATIONS

Punlic and medsral husteria about the acquired

nev syndrome {AIDS) has contributed to an increas-

Ta i

immuncde
g refucance an the pact of patients to recgive homologaus {blood-
bank doner biosd Tiis reluctance bas led 10 increanng nterestn

autologoss transiusions and 1n the pracess of “directed” donatians.
n wiurh the paneny durectly solicus danatons from Gmily o
fesends

Patsents and, occavonaliy, ther phvsioans think that directed
donations must be safer than regular blood-bank dosor blaod i
termms O Saease sramsmusswn Afer all, one cxpeeis that fiends of
famui. membess would fevee barbor disesses ot belong 16 3 hughe
sk 2r6up ana be 1o the blood bank about i, This mav be a risks
Ay + Tne teaular blond-bank dunor who denates altruse.
cabe amt anmmoush as far as the recipient & concerned! can
teuthivin amywer a1t questions On the ather hand, the directed
doner 1y under extreme pressure to donate, and tear that friends or
eriatices wall tearn of B or her unsuitability as a doaor may easihy
fead 1o lasfute s admst membership ia a Digh-rish graup. The dv
vrcied donor despite the mandarory laberatom testing for human
Teerlt iumphotroe virss Type (11 and hepatis B surface antgen,
mas n fact be fess safe than e regular blood donor. Regalar
donors 2re allowed 10 donate onlv because past danations have not
led to disease transmussion — 1.¢., they are biclogically tested, On
the other hand, most dirccted donors are frst-time donors.” The
directed donor clearly forgoes the usual confidentiality. After all, the

of the race, color. creed, of sex of the donor ar recipi.
ent. A directed-daaor system is basicatly a selfish system that fosters
the hoarding of blood for some individuals to the exclusion of
athers. If such practice became widespread. it is possible that for-
merly altruistically motivated volunteer danors would begin o
think that they should save themselves for situations in which
friends or reiatives might need their blood. Persons ef wralth,
power, and influence would be in a position of privilege when bloo(
was concerned, whereas the eldedy, poor. shy, cr Jonely in our
society will be less likely to be abie 1o influsnce friends or relatives
to donate.

It might be justifiable 1o overlook these hazards of direcred dana.
tion if we had good cvidencs that it was ingeed safer than regulasy
donated blood. This has yt to be shown. The public has 2 night to
expect the blood-banking community and the medical profession to
remain objective and 1o distance themselves from the purely emo-
tional aspecis of this issue, In my view it would be highly irrespomsic
bie to place the national blood system in jeopardy by bowing to the
often hysicria-based pressure for direeied donatons. Instead, we
should increase our efforts 1o improve the safery of homologous
bieod and facilitate the use of auslogous blood when feasible. To
fail 10 promote this latter service would be as irresponsible as assent-
ing to the clamor for directed donations.

S. Breanxnax Moonre, M.D.
Mavo Clinic Blood Bank

Rochester. MN 35903 and Transfusion Seevice

MORE ON PARTITIONING AND INACTIVATION OF AIDS
VIRUS {IN IMMUNE GLOBULIN PREPARATIONS

To the Edrtor: Prince ¢t al {Feb. 6 issue)' recently expressed con-
cern that human T-cell lymphotropic virus Type I (HTLV-1ID
could be uansmitted by intravenous mmune globulm preparations
They suggested that conditions used 1o make & Cohn-
Oncley fractions did not mactvate spiked HTLV.IHI; however,
they did not study partitoning of HTLV-HT into the various frac-
rions. We recently r:poncd" the sesults of such swdies

HTLV-H was spiked into the various Coha-Oncley fractions,
and its beoween and sup s well
a3 inacuvation, was studied by virat culiures and quantitative ant-
gen measurements by antigen-tapure enzyme-dinked rnmunosor
bent assay {ELISA). These studies showed that HTLV-11 was
partitionzd 2nd inactivated 2t mulitple steps in the CohnOncley
process. At the most efficient step. HTLV-IT was quantitatively
199.3 percemt) partitioned into precipitate 11, 2 Fracton discarded
during the manufzcture of immune globulin, The cumulative of
fects of partitioning and inactivation resolted in & potencial efficien-
v of virus removat of $0Y infectious units per millititer. This eff-
cizncy is many orders of magnitude greater than would be meeded 1o
etliminate the small amounts of virus that potentially could be pres-
cnt in plasma pools used for immune glabulin manufacture. Thus,
the conjecture of Prince et al. that lyophitizacon of immune
giobulin would preserve HTLV-IH infectivity is not eelevant.

Ir. addition, not all i prep are lvophilieed as
they imptied.
urveillance studies of recipi of i immune globi-

Hin, suggesied by Prince et al., have been under way since the au-
tumn of 1983, The number ol patients is limited beeause most
recipients are immunodeficient and would not be expected 1o ac
quirc antibodics even if they weee infected with HTL VI, Fur-
thermore, because immune globulin preparations may contain anti
bodies 10 HTLV-{11,} pasicnes teceiving immune globulin on 3
¥ basis i for stady; antibody detected in serum

*Berchers G Lord M bmpictof 4 & blood
colisction one hospal § expeneace. T'ms(uslar. 1985 “‘ 491 abswract

nmples from such patients could have been transferred passively.
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oﬂpm these limitasions, 134 recipients {(mastly patients with im-
une thrombocytapenia but a few with renal craasplants or Kawa-
nLl s discase) af intravenous immune globulin made by various
manufacturers (data provided by J. Bussel, M.D., The New York
Hewpitab-Cornell Medical Center, The Massachuserss Public Haalth
Bio-tic L Miles L Travenol Lab
‘Th. itood Transfusion Service of The Swiss Red Cross, Immuno
AG. and Kabi Vitrum AB} have been followed for 210 24 months by
means of ELISA and Western blotting of scrum reactive by ELISA.
Phree patients had passively wansferred antibedies; nons produced
HTLV-H antibodies.
‘Thus, the results of laboratory studies of the fractionation
process and wrvenl]cm:: of immune globulin recipients corrol
ra abservations indi that receipt of im-
mune zlobuhn is not associated with the risk of the development

of ATDS.

T.F Zuew, M.D., M.S. Presvox, D.L. Tankzsseey,
M.A. W, AR Wrrrex, LE. Erstens, \1;

5. Dasigt. M. Prerax, axp G.V. Quinvay, J
Center for Deugs and Blolnsxcs
Food and Drug Adminisiration

Bethesda, MD 20892

1. Prince AM. Piét MPJ, Homwiz 8. Effect of Cohn fractionation conditions
on infectivity of the AIDS virus, N Engl  Med 1986; 314:386-7,

Wells MA, Winek AY, Epstein JS, ¢t al. Inactivation and pastition of hurman
T-cell lymphotropic virus, type TiL. during ethapo! fractionation of plasma.
Transfusion 1986 282103,

Gocke Di, Rasks K Jr, Poliack W, Schwarzar T. HTLY-HI amibody is
commercial immunogiobulin. Lancet 1986; 1:37-8, B

DYSPLASTIC CARCINGCID TUMOR AND
AIDS-RELATED COMPLEX

To the Editor: The occurrence of smali-cell wemors has been de-
scribed wn patients with AIDS. 2 Although ihese patients may have
sther malignant diseases {e.g.. Kaposi's sarcoma or lymphomal, ™
small-celt tumors are rare. We report the development of a small-
cell variant, dysplastic carcinoid wmor in a patient with the AIDS-
related complex.

\ 29.vear-old white female prostitute who wsed intravenous
dr s oa 3 daily basis was admitted to our hospital with a five.
5 history of persisient malaue, anorexia, weight loss, and
 sweats, Three neeks beforc sdmission 2 nonproductive caugh
.oped and exercise tolerance decreased. Pertinent findings on
physical examunation included bilateral cervical, supraciavicalar,
anvilany, and wzuinat iymphadenopathy with at least one node larg-
er than | cm n diameter 1n cach area, the largest being 2.5 cm in
diameter. Chest x-ras examination and CT scanning revealed &
farue anterior mediastinal mass. Specimens of two adjacent supra-
tlacicular lymph nodes were obtained at biopsy, and pathological
Studies reveated prominent reacuve follicular hvperplasia charace
sresons of the AIDS-related complex in one of the nodes,® wheress
™ raic smail-rume cells effaced the normal lymphoig architecs
+the other Elecrron micrographs of the tmor showed it to be
suc carcinowd Viral, bacterial, and fungal cultures of the
tssut were negatn e, Fusther intensive workup, including
marrow wap» and culture, did not reveal other :uologlc

CORRESFONDENCE 1455

sssaciated with ATDS. Although she was 3 heavy smoker, the devel-
opment of this type of tumor at this age is dmmcﬂv unusual. h i
possible chat an of immune by

retrovirat infection facilitated the early appexrance of this uncom-

mon cancer,

ALas B Werrseas, M.D.
Roger Williams Cancer Center
Brown University

Kensern Mavex, M.D.
Mariyy E. Micrzr, M.D.
Desxes J. Mikouen, M.D.
Pawtucket Memoriat Hospital
Providence, RI 02908 Brown University
1. Maser RY i1, Tenbodder MF. Ridenour R. Osi-ctl carcinoma in transfusion-
associated scquind immaedeficency syndrome. Ann inem Med 1985
103:475.
Nusbaum NI. Metastasic small-cell-careinoma of the lung in 3 paticat with
AIDS. N Engl J Med {985: 3121306
. Toachim HL, Cooper MC. Heltman GC. Ly) in men at high risk for
ired immune deficiency syndrome (AIDS): & stvdy of 21 cases. Cancer
1985; 56:2831-42,
Kamer HP, Pankey GA, Flaum MA, Dalovisio [R, Cortez LM, DeShazo
RD. Kaposi's samara with 2 noa-Hodgkin's lymphoma; its assaciation ia 3
with human Tecell virus ¢ype 11l infection,
Axch {ntern Med 1986 346:3934.
5. Metokas CE. Generalized lymphadenopathy in homosexual mea. fn: Fried-
man-Kien A, Lavbenserin L. eds. AIDS: the epidennis of Kaposi's ot
5d oppornunistic infesvions, New York: Masson, [984.73..

- o

-

TOXIC KERATOPATHY ASSOCIATED WITH
SURAMIN THERAPY

To the Editor: Suramin, an inhibitor of reverse sranacriprase of
HTLV-IIL' has been used for many years in the treatment of
African trypanosomiasis and onchocerciasis. It now is being used
it clinical trials to evaluate its efficacy in patients with AIDS. We
have observed a toxic keratopathy possibly due to suramin in
these patients.

Five patients with AIDS who had no visual symptoms and who
were treated with suramin ac our institution underwent ophthal-
mologic evaluations inciuding slit-lamp examinatons. Al received
500 mg 1o | g of intravenous suramin weekly after an initial dose of
200 mg. Two patienss had been receiving suramin for 2pproximate-
Uy four months, with total doses of 17.2and 13.2 g, respectively, and
both had a diffuse subepithelial vortex keratopathy in both eyes,
virtually identical to that seen in Fabry's disease and chioroquine
kerzlcpuhy A third patient received a total dose of 6.7 g aver two
monihs and had a vortex keracopathy inferiorly only, with a central
haze in both eyes, A fourth patient who receivad suramin for seven
weeks, for 2 total dose of 7.2 ¢, had a central corneal haze in both
«eyes that was due to fine punciate cream-colored deep epitheliat or
subepithehial apacities. The Afth patient rectived 3.2 g over five
weeks and had only 3 few fine punctate cream-colored deep epithe-
tial or subepithelial opacities centrally in both eves. All patients had
best corrected vision of 20720 or beuter, and none had clinical evi-
dence of a pigmentary retinopathy. No patient was taking any other
drug known 1o cause 2 vortex keratopathy, including chloroquine,

azents The pauent’s serum was positive for HTLV-IIL antib

45 tepeated ennme-anked immunosorbent assavs {Abbott), the
<5 of which were confirmed by Western blot analysis (per-
¢ a2 the Rhode Island Blood Ceater).

Tie pausens recened theee cycles of cyclophosphamide, vineris-
fe-. and eropaside i escalating doses, as well as radiation therapy
v e pamary leaon, which has been reduced in size by 30 percent.
1. nenpheral adenopathy has also begun to regress, without the
4 topment of opportunisuc infections.

\ithough she is at high risk for the development of AIDS, this
Paventis best catcgonized as having the A1DSerelated mmpiex We
Cannot exclude the possibility that the Link

and clofazimine.? None had any physical findings suggestive of

Fabry’s disease, and the three patients tested for serum giycolipids
had normal levels. The extent of keratopathy was related to the
total dase of suramin. In contrast, 20 patients with AIDS or AIDS-
reiated complex who bad not received suramin bad no evidence of
keratopathy.

The id#a that suramin could cause a vortex keratopathy is ten-
able, since it is a fysesomotropic compound that inhibits many lyso-
somal mz)mes"‘ and bas induced systemic ritapolysaccharidosis
when given to animals in large doses.** By analogy, the iyzosomo-

bent and 1 estern biet assays were false positive. The patien has
aa¢ had op fections or any of the diseases

tropic drug chioroquine can induce 2 ph of the vortex kera-
topathy obscrved in patients with Fabry’s disesse.” This phenacopy
tetults from the ishibition by chioroquine of the activity of the
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Evidence Suggesting that Immune
Globulin Preparations do not
Transmit AIDS*

Traowmas F, Zuck and M. SUE PRESTON

Division of Blood and Blood Products, Office of Biologics
Research and Review, Center for Drugs and Biologics, Food
and Drug Administration, Bethesda, Maryland, USA.

INTRODUCTION

Transfusion of biood and blood products is recognized as a mode of trans-
mission of the acquired immunodeficiency syndrome (AIDS) reported by the
Centers for Disease Control {CDC) in the United States. Immune globulins
have been implicated in none. This epidemiological finding gives reason to
be encouraged about the safety of immune globulins, because millions of
doses have been given since it was recognized that the lymphadenopathy
virus human T-cell lvmphotropic virus, Type III (LAV/HTLV-III) infected
blood. Despite the absence of AIDS cases related to administration of
immune globulins, their safety has been recently questioned.! Special
concerns were raised about preparations for intravenous use, in contradistinc-
tion to intramuscular use, because direct ‘blood-to-blood’ contact might facili-
tate transmission of LAV/HTLV-III. Much of the controversy has been

* The opinions and assertions contained herein are the private views of the authors, and are
not to be construed as official or as refiecting the view of the Department of the Army or the
Department of Defense.
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generated by several papers!- reporting varying effectiveness in inactivating
LAV/HTLV-II during fractionation of plasma to make immune globulin
preparations.

In this chapter the limited in vitro and epidemiological data available
concerning the safety of immune globulin are reviewed.

FATE OF LAV/HTLV-III DURING ETHANOL FRACTIONATION

Studies by Spire et al.2 and Piszkiewicz et al.? both suggested that alcohol
inactivated LAV/HTLV-III. In the former the effectiveness of several
- chemical agents in inactivating LAV/HTLV-III suspended in buffer was
determined. Residual reverse transcriptase aclivity was very near zero
following exposure to 19% ethanol for 10 minutes: the temperature of incu-
bation was not stated, but presumably was ambient. In the report of Piszkie-’
wicz et al.? LAV/HTLV-III was seeded into an aliquot of a cryoprecipitate-
poor plasma pool made from 5000 donations from donors found previously
not to have antibodies to LAV/HTLV-III. Samples were drawn at various
times following addition of ethanol to a final concentration of 20% while
maintaining the mixtures at —5°C and the median tissue culture infectious
dose {IDso} of each sample determined. The IDs fell 1055 in 5 minutes, and
the authors concluded that products made by cold ethanol fractionation carry
a low risk of LAV/HTLV-III transmission.

In contrast to the findings of rapid inactivation cited above. Prince ef al.t
reported less optimistic results following seeding of LAV/HTLV-III into
three supernatants (I, II + 11, and I11) made by the Cohn-Oncley process.
After viral seeding the supernatants were kept between —2 and —5°C and
cultured-for LAV/HTLV-HII after 2 and 24 hours. Under these conditions
little or no inactivation occurred. Prince er al. did not explain the differences
between their results and those of others.2? Although they did not study
partitioning, they noted that it might remove LAV/HTLV-III from immune
globulins during fractionation.

We reported that the Cohn-Oncley process either partitioned or inacti-
vated sufficient LAV/HTLV-III that the risk of transmission of the virus by
immune globulin seemed very unlikely. Briefly, portions of each fraction
(including the starting plasma) leading to immune globulin were retained
and seeded with sufficient LAV/HTLV-1II to achieve a concentration in the
fraction of between 10¢ and 10¢ in vitro infectious units per milliliter. After
sampling to test for viral recovery, the next step in the process was carried
out, yielding a precipitate and a supernatant that were both cultured in H9
cells for infectivity, Cultures were monitored by at least two of three methods:
cytoplasmic antigen expression detected by immunofiuorescence assay, and
reverse transcriptase or antigen-capture enzyme-linked immunosorbent
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assays {ELISA). The study design permitted evaluation of the relative effects
of partitioning and inactivation at each step of the production process. The
results were consistent with recovery from the supernatants plus the precipi-
tates of more than 90% of the seeded virus.

The two most efficient partitioning ste~s were the initial cryoprecipitation,
during which 95% of LAV/HTLV-IH partitioned into the cryoprecipitate,
which is not used in the manufacture of immune globulins, and the precipi-
tation of fraction III. During this latter step, 99.5% of the seeded virus
partitioned into the discarded precipitate IIL. In addition, during the precipi-
tation of Fraction II from supernatant III with 25% ethanol for 24 hours at
—5°C, the infectivity of both supernatant II and precipitate II was reduced
from 104 to 10! or less in vitro infection units per milliliter. It was estimated
that the cumulative reduction in in vitro infectious units by the entire
production process was 105; several orders of magnitude more than would
be likely to be present even in pools of several thousand donors unscreened
for LAV/HTLV-III antibodies.

Most recently, Mitra e¢ al.3 confirmed the partitioning of the LAV strain
of LAV/HTLV-I by cold ethanol fractionation. They could not detect virus
m Fraction 11, made from supernatant III containing 1.7 X 10% IDso of virus.
They also found a reduction of 10° infectious particles of mouse type C
retrovirus if filtrate II] at pH 4.0 (which contains 18% ethanol) was seeded
and incubated at 22°C for 3 hours. In addition they described a reduction of
10° infectious particles if filtrate 1I1 at pH 4.0 (which also contains 18%
ethanol) was seeded with LAV/HTLV-III and incubated at 5°C for 18 hours.

From the foregoing, it is clear that both partitioning and inactivation must
be evaluated during in vitro studies from which conclusions are drawn about
the potential infectivity of immune globulins manufactured by Cohn-Oncley
fractionation. No single fractionation step or treatment is responsible for the
reductions in infectivity observed; however, several combinations of ethanol
treatment, partitioning, pH, and storage appear to reduce potential infectivity
significantly, ard perhaps quantitatively.

SURVEILLANCE OF RECIPIENTS OF INTRAVENOUS IMMUNE
GLOBULIN

Several authors®* have expressed concern about immune globulin safety
based on the presence of antibodies to LAV/HTLV-III in commercial prep-
arations. Passive transfer of these antibodies in hepatitis B immune globulin
has been reported.” It is not suprising that immune globlin preparations
contain antibodies to LAV/HTLV-III; the globulins are concentrated from
large pools of plasma. Most lots available now and in the recent past Were
manufactured from plasma drawn before donors could be tested for anti-
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bodies to LAV/HTLV-1II. Data from our laboratory showing the appearance
of these antibodies in immune globulin preparations are presented in Table
1. The emergence of lots containing antibodies to LAV/HTLV-III in the
early 1980s lagged behind the emergence of clinical AIDS in the United
States. Although the presence of antibodies to LAV/HTLV-III in individual
units of donated blood is used as a criterion for removal from the blood
supply, there are no data to suggest that lots of immune globulin containing
these antibodies are unsafe. In could be argued, as it has been for the
presence of antibodies to hepatitis B virus, that antibodies to LAV/HTLV-
III in immune globulin may decrease the risk of transmitting the virus.
There are no data to support this speculation. Without regard for its safety
implications, the presence of LAV/HTLV-III antibodies in immune globulin
preparations is relevant because it complicates surveillance studies due to
the potential for passive antibody transfer.

Table 1 Detection of antibodies to LAV/HTLV.III in immune
globulin preparations

Year of Number Negative mmli(mtwe—
manufacture tested {neat) 400* > 1600+
1975-79 44 44 4] 0
1980-81 3 3 0 0
1982 2 3 0 2
1983 5 0 1 4
1984 6 0 2 4
1985 13 1 4 8%

* Reactive on ELISA, confirmed by Westemn blotting.
t Titer (reciprocal of dilution).
+ One lot of hepatitis B immune globulin had a titer of greater than 256,000,

Manufacturers of intravenous immune globulin were asked by the United
States Food and Drug Administration (FDA) to study recipients for seron-
conversion for antibodies to LAV/HTLV-III. The number of patients avail-
able for study was limited for two reasons. First, most patients who receive
intravenous immune globulin are immunocompromised, and therefore the
finding that they failed to develop antibodies to LAV/HTLV-III even if
infected with the virus would not be instructive. Second, most patients who
receive intravenous immune globulins are treated repeatedly and, as noted,
antibody detected in their serum could have been passively transferred.

To date we have received data on 133 patients, most with idiopathic or
immune thrombocytopenia, but a few with renal transplants or Kawasaki
disease, who have been followed by ELISA between 6 and 24 months for
the presence of LAV/HTLV-III antibodies. Passively transferred antibody

'
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was detected by immunoblot in three patients; however, no patient produced
antibody and therefore none was considered to have seroconverted.

Recently it was reported® that two patients who had received immune
globulin intravenously for complex immune disorders later showed evidence
of retroviremia. The authors concluded that iatrogenic transmission, i.e. by
the immune globulin, could not be excluded. The cimical histories of the
patients were extremely complicated, and no data substantiating the state-
ment were provided. Other causes for the infections appeared equally or
more likely.

SURVEILLANCE OF RECIPIENTS OF INTRAMUSCULAR IMMUNE
GLOBULIN

CDC has been following a group of health-care workers who received
immune globulin and/or hepatitis B immune globulin intramuscularly
because they had been stuck by needles or other sharp instruments which
were potentially contaminated by blood or other body fluids thought to be
infectious for LAV/HTLV-III. To date, sera from 194 recipients have been
assayed by ELISA for the presence of antibodies to LAV/HTLV-HII. Anti-
body was present in the sera of two patients {G. McCray, personal communi-
cation, April 1986). In the first. no serum sample drawn prior to receiving
the immune giobulin was available, and the subject reported intimate contact
with a member of a high-risk group. In the second, the immune globulin had
been received 3 years prior to the stick exposure to LAV/HTLV.II and
immune globulin was not given following exposure because the person had
been vaccinated for hepatitis B in 1984, It is believed that her sero-coversion
reflects LAV/HTLV-IHI infection as a result of the stick.

Although these findings support the safety of intramuscular immune
globulin only, they provide additional confidence in the safety of all immune
giobulin preparations.

SUMMARY

Both laboratory studies of the effects of the Cohn-Oncley ethano! fraction-
aton process on LAV/HTLV-UI seeded into the various fractions and
surveillance of recipients of immune globulin preparations corroborate epid-
emiologic observations indicating that receipt of immune globulin is pot
associated with a risk of developing AIDS or antibodies to LAV/HTLY-
1. ’
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PARTITIONING AND INACTIVATION OF VIRUSES
DURING ISOLATION OF ALBUMIN AND IMMUNOGLOBULINS
BY COLD ETHANOL FRACTIONATION

J.1. Morgenthaler, A. Omar

ABSTRACT

Albumin solutions invariably transmitted infectious hepatitis viruses before
the introduction of pasteurisation in the final container. Immunogiobulin solutions
{the older intramuscular as well as the current intravenous ones). on the other
hand. only rarely transmitted hepatitis. The apparent safety of the latter was
usually attributed to the preseace of neutralizing antibodies and to the fractiona-
tion process. 1t was shown thalt viruses tend 10 concentrate in those fractions of the
cold cthanoi precipitation proceduse which arc used neither for albumin nor for
immunoglobulin  preparations.  Additionally. ethano! alone inactivates some
viruses. albeit much less at low temperatures than at room temperature. According
to EC-directives. ail manufacturers of stable blood products must introduce pro-
ductton steps which inactivate viruses or they have to prove that certain produc-
tion steps. which are aircady being used, do inactivale viruscs. In cither case. the
inactivation has to be validated with appropriate experiments. Procedures that are
now recognized as virucidal are, e.g.. pasteurisation {i.c.. heating of the liquid pro-
duct a1 60°C for 10 hours), sol Idetergent (S/D) . photodynamic treat-
ment, or incubation at pH4 with pepsin,

Key words: Albumin. immunoglobulin, plasma fractionation, cthanol precipita-
tion, virus inactivation.

INTRODUCTION

Transmussion of viral discases by protein solutions derived from human blood
plasma has been recognized for over 40 years: however, not all products carricd
the same risk: albumin, plasma protein fraction. and immunoglobulins always
belonged to the low-risk group, while coagulation factor concentrates (fibrinogen,
factor VIIL facior 1X) and other products (e.g.. fibronectin, a,-antitrypsin, C-}
inacuvator) were high-risk preparations.,

ALBUMIN

Albumin solutions (and plasma protein fraction) have not transmitted viral
discases since pasteurisation {i.e.. heating at 60° for 10 hours in the presence of sta-
bilizersy in the final container was introduced. However, inactivation of hepatitis B
virus (HBV) is not as straightforward as it might appear: heating of an infectious
plasma pool tor only two or four hours was insufficient to inactivate HBV: albumin
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prepared from this pool was apparently non-infectious when tested in smail
amounts {1 mi), but it transmitted HBV when infused in large amounts (100 ml).
Heating completely abolished infectivity (reviewed in ref 1 with additional refe-
rences). The rationale for introducing a heat step makes for historically interesting
reading (2).

The virat antigen (HBsAg) partitions into different fractions during cold etha-
nol plasma fractionation; two groups of investigators found measurable, albeit
small amounts of HBsAg in fraction V, but none in fraction 11 (3, 4). These labora-
tory-scale experiments helped to explain the infectivity of unpasteurise~’ albumin
solutions prepared from large pools.

Although little evidence is available to prove the point. it is likely that a small
proportion of the human immunodeficiency virus (HIV) and the hepatitis C virus
(HCV) - which were certainly present in pools before introduction of the respec-
tive screening tests. and most likely aiso after screening, although in much reduced
amounts - is present in fraction V., Obviously, both viruses are inactivated by the
pasteurisation step, since no transmission of cither virus has been reported with
albumin. The faith in the effectiveness of pasteurisation was so general that we had
to wait until 1987 for laboratory proof that HIV loses its infectivity when pasteuri-
sed in the presence of albumin solutions (5). This experimental evidence was not
superfluous, since it is well known that stabilizers (and other solutes) may prevent
inactivation of viruses as well as of proteins.

IMMUNOGLOBULINS

Alleged transmissions of viruses by immunoglobulin preparations which have
bueen reported in the hiterature are listed in Table [ A compicte and accurate survey
of all incidents is difficult, one reason being that the same episode is often reported
more than once in different journals. The anti-D implicated in the incident reported
clsewhere {6) was prepared by unknown methods from the plasma of donors vacci-
nated with Rh(D) positive ervthrocytes obtained from a carrier of non-A. non-B
hepatitis. Plasma donors as well as the recipients of the anti-D and many of their
infants were infected (1), The preparation referred to by Lane (7) was produced by
Kistler/Nitschmann cold cthanol fractionation (8): ethanol was subsequently remo-
ved by gel filtration in the presence of maltose (9). Production of this preparation
was discontinucd after this incident, which occurred in the trial phase. Ochs et al.
(10) used a preparation which was isolated by Cohn/Oncley fractionation and trea-
ted with polyethylene glycol and DEAE-Sephadex. The two lots had been prepared
from the same batch of fraction Il in a pilot plant: additional batches manufactured
in a production facility by the same method did not cause any problems in 60
paticnts. 23 of whom had primary immunodeficiency (11). The episodes observed
by several authors (12, 13, 14) are probably due to failures of Good Manufacturing
Practice. The two cases reported by Webster et al. (15) were clinically very compli-
cated and implication of the immunoglublin preparation in the transmission of the
virus could never be established with any degree of certainty.

As shown mn Table 1. the main concern of the clinicians is potential transmission
of non-A. non-B hepatitis by immunoglobulin preparations. However, as repeated
in g recent editorial. «No intravenous immunogiobulin preparation licensed in the
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Tabie I. Alleged transmizssions of viruses {excluding HBV) by i elobulin prep
' . Number

Authors : Virus of patients Mcethod of preparation
Renger et al. (6} : HCV _ 1067106 (anti-D)
Lane etal (7) | Hov | 1212 | K/N+SephadexG25
Ochsetal. (10} ! HCV ' me ‘CIO + PEG + DEAE-Sephadex
Weiland etal. (12) | HOV | d(easestuay) | ?
Webster et al. (15} i HIV | 2 {case study) . K/N + pHdipepsin
Bjorkander et al. (13) ; HCV | 1677 | IO+ DEAE-Scphadex
Williams et al. (14) HCV | 434 : K/N + pHd/pepsin

K/N: Kistler/Nitschmann cold ethanol fr
C/0: Cohn/Oncley cold cthanul fractionation.

United States and produced in manufacturing (as opposed to pilot) facilities has
been associated with the transmission of non-A. non-B hepatitis.» (16).

As mentioned above. no HBsAg was found in fraction Il (3. 4); on the other
hand. a substantial part of the anti-HBs present in the starting plasma was recove-
red ~ not surprisingly - in fraction I (17). Similar experiments were carried out by
the FDA in 1986 to trace the fate of HIV during Cohn/Oncley plasma fractiona-
tion (18). Their results were confirmed and extended to other fractionation
schemes by other groups (19, 20). Taken together. these experiments demonstra-
ted that HIV preferentially partitioned into the precipitates at every separation
step. Treatment with cold cthanol alone only had a minor inactivating cffect on
HIV. Freezing and thawing of the pastes (which is routinely done in production for
logistic reasons) also inactivated about 1 log,, of HIV.

The presence of antibodics against HIV in immunoglobulin preparations made
from unscreened donations has been known at least since 1985 (21). Even though
thus carly publication alrcady warns against cquating the presence of anti-HIV
antibady in a final product with infectivity, the literature abounds. to this day. with
examples of authors expressing exactly this concern, The tests used to detect anti-
HIV antibudy were developed for use on individual plasma donations, not on pro-
ducts made from pools of thousands of donations. We have shown that Western
blot kits from three different manufacturers gave useless results with 47 batches of
intravenous immunoglobulin preparations: the patierns never looked like those
obtained with positive individual plasmas. different kits gave different patterns
with the same batch. and the tests.did not allow products made from plasma that
included or excluded anti-HIV positive donations to be distinguished (22). These
cxpenments were done with the «natural» antigens that were available at the time:
we would expect. however, similar spurious results if the study could be repeated
with today’s recombinant aptigens.

Not surprisingly, anti-HCV antibody was found in practically all immunogiobu-
lin preparations that were recently tested with three different assays (23). The
conclusion the authors draw that «Contraction of NANB hepatitis by patients infu-
sed with anti-HCV-positive 1VIG indirectly indicates the presence of transmissibie
virus» s not supported by evidence. Sclection of the donors has a clear effect on
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viral markers: while only 0.3% of donations collected from voluntary donations
were confirmed positive for anti-HCV antibody, this figure was 10.3% for com-
mercial donations (24). Apart from such differences. which can be documented.
unpaid donations probably also carry lower risks for other potential infections
which cannot be detected by screening (25).

Since it is not {yet) possible to grow and titrate HCV in the laboratory, its
behaviour during fractionation and susceptibility to inactivation have to be infer-
red indirectly. The FDA has taken a very interesting approach: they fractionated,
according to Cohn/Oncley. a plasma poo! prepared from donations that were all
anti-HCV positive and followed, with polymerase chain reactions (PCR), the fate
of HCV RNA in the various fractions. By diluting the sampies before PCR it was
possible to titrate the samples and to express their activity in «PCR units», which
are roughly equivalent to a chimpanzee infectious dose. As with other viruses.
HCV RNA was found predominantly in the precipitates (cryoprecipitate. fraction
{. fraction 111); trace amounts were aiso detected in fraction 1. Overali reduction
in HCV RNA from plasma to {raction Il amounted to 4.7x10*. Low levels of HCV
RNA were also found in supernatant 11+111, from which albumin is prepared:
ohviously, pasteurisation destroys whatever infectivity may be left in these frac-
tions {26). As the authors point out. the presence of HCV RNA in fraction 1l
should not be equated with infectivity, since other production steps may inactivate
viruses, the entity they detected may be naked RNA, and antibodies may neutra-
lize free virus, If the virus components are dissociated by the fractionation condi-
tions, HCV RNA and infectivity may not co-distribute.

We used a somewhat different approach to study our own fractionation
method (8). We first showed that Semliki Forest Virus (SFV: a togavirus which is
refated to HCV) was essentially insensitive to 10, 20, 40, and 80% ethanol at 0°C,
while it was rapidly inactivated by 40 and 80% ethanol at 20°C; there was a slow
dechine in activity in the presence of 20% ethanol at 20°C. We then obtained
samples which were withdrawn by the production department immediately
before precipitation, spiked them with SFV and carried out the precipitation,
The virus was turated both in the supernatant and in the precipitate. Parallel
experiments were done with SFV radiolabelled cither with “S-methionine or
with ‘H-uridine. We usually found about %% of both "S- and ‘H-radivactivity
(lovsely or non-incorporated radioactivity accounts for about 5% of the total in
both preparations), and 80% or more of the titrated activity in the precipitates.
The precipitate GG. from which immunogiobulins are prepared (8), still contains
SFV: reduction of virus load from starting plasma to precipitate GG was about 3
log,.. Our results confirm that there is a considerable partitioning cffect, which
lowers the burden of HCV-like viruses in the plasma fraction from which immu-
noglobulins are prepared. Other production steps. such as freezing and thawing
of pastes. which are known to contribute to virus inactivation. were not con-
sidered in these expenments.

There arc other steps in the manufacturing process of immunoglobulins which
contribute to virus inactivation: the following arc two exampies of such steps which
have recently been validated. One manufacturer showed that pasteurisation of
various formulations inactivated marker viruses (bovine viral diarrthoea virus
{BVDV); tick-borne encephalitis virus (TBEV); yellow fever virus (YFV); HIV-172,
herpes simplex virus type | (HSV-1): polio virus type 1) to below detection limit.
Inactivation of YFV took about 6 hours. while HIV-2 was already completely



365

Viral safety of albumin and immunoglobulins 189

inactivated within 0.5 hours. The normally used pasteurisation time of 10 hours the-
refore guarantees in most cases a comfortable margin of safety (27).

It was shown in 1988 that pepsin treatment at pH4 inactivated vaccinia virus.

SFV. HSV and mumps virus. but not poliovirus (28). Our own experiments. which
were carried out under production conditions. also showed inactivation of HIV,
HSV, human cytomegalovirus (HCMV), vesicuiar stomatitis virus (VSV} and
SFV. Except in the case of VSV pH4 alone was sufficient to inactivate all viruses
tested below detection limit: VSV was compietely inactivated at pH4 in the pre-
sence of pepsin (29).
" The final safety test for an immunoglobulin preparation remains its clinical per-
formance in retrospective and prospective trials. We showed that our pH4/pepsin-
treated intravenous immunoglobulin preparation did not transmit non-A, non-B
hepatitis or any other viral disease to 68 patients with primary immunodeficiency
disorders who were enrolied in a prospective, muiticentre trial (30). Furthermore.
anecdotal evidence indicates that no transmission of either HIV or NANBHV
occurred with this preparation. not even when it was prepared from plasma which
had not been tested for anti-HIV or anti-HCV; > 3x10’g have been used world-
wide so far.
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VIRAL SAFETY OF SOLVENT-DETERGENT TREATED
BLOOD PRODUCTS

B. Horowitz, A.M. Prince, Marilyn S. Horowuz, Christine Watklevicz

ABSTRACT

Laboratory research commencing in 1982 led to licensing in the United States in
1985 of a soiventidetergent (SD} d anti philic factor (AHF) concen-
trate. Licensing was based on {a) studies dcmenstrzxmg the inactivation of several
marker viruses {vesicular stomatitis virus { VSV), Sindbis virus, Senda: virus]. human
immunodeficiency virus { HIV), hepatitis B virus (HBV), and non-A, non-B hepatitis
virus {NANBHV. now known 10 be pnncipally hepatitis C virus (HCV)] added to
AHF just before treatment. (b) the realization that the principal viruses of concern
in a transfusion setung (c.g. HIV. HBV, NANBHV) were ali lipid-enveloped. and
{c) labaratory, preclinical and clinical evidence indicating that AHF and other pro-
tems present in the preparation were unaffccted. The applicability of the SD method
to a wide range of products and preparations, high process recovenies, and a growing
body of viral safety information linked with the failure of several other virus inacti-
vation methods to climinate hepatitis transmission fostered the adoption of SD tech-
nology hy more than 50 organizations world-wide. SD mixtures are now used in the
preparation of products as diverse as intermediate purity and monocional antibody
purificd AHF and other gulation faclor ates, fibnn glue. normal and
hyperimmune igG and 1gM preparations including those denved from ussuc culture,
plusma for transfusion. and vanous diagnostic controls. Over four miliion doses of
SD-1reated products have been administered, and numerous iaboratory and clinica!
studies designed 1o assess virus safety have heen conducted. SD has been
shown to inacuvate 210°° ussue culture infectious doses {TCIDy) of VSV, 210
TCID, of Sinds virus, 210r° TCID, of Sendai virus, 210" duck infectious doses of
duck HBV. 210" ° TCID,, of HIV-1, 21r® TCID,, of HIV-2, 210r* chimpanzce
infectious doses (CID ) of HBY, 210 CID,, of HCV. 210* TCID,, of cytomegaio-
virps, 2107 TCID,, of herpes simplex virus type 1, 210 TCID of PL.1, 2100
TCID,, of murine leukemia vitus {Mov-3), 21 TCID, of murine xenotropic virus.
and 211" TCID,, of Rauscher munne leukemia ecotropic virus. Moreover, in ten
prospective chinical studies, /53, /427, and (V455 patients susceptible 1o HBV.
NANBHYV (HCV), and HIV became nfected on follow-up. These resuits contrast
with the high rate of virus transmission observed previously in haemophiliacs and
sugpest that coaguiation factor concentrates and other SD-treated products prepa-
red from plasma poois are now safer than the individual units from which they werc
dernived

INTRODUCTION

The solvent/detergent (SD) virus inactivation method. licensed by the U.S.
F.D.A. 1 1985 for usc in the manufacture of an AHF concentrate, has gained
widespread popularity in the manufaciure of biologics. This popularity arises from
the high virucidal action of SD treatment. high protein compatibility, ease of inser-
tion into virtually any pre-exisung or newly developed purification process. and
the availability of extensive documentation, speeding both impiementation and
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regulatory review. This review attempts to provide a historical context and an up-
1o=date summary of SD usage.

Basis for Regulatory Approval in 1985

The use of SD to eliminate virus infectivity of blood protein fractions was a
result of the tradition of using ethyl ether and Tween 80 to distinguish lipid envelo-
ped from protein-coated viruses. In 1981, the causative agent of non-A. non-B
hepatitis (NANBH) had not been isolated. though infectious serum samples were
available for study. Based on Tween/ether sensitivity of the Hutchinson isolate, we
were among the first to demonstrate that at least this strain of NANBHYV is lipid-
enveloped (1). Simultaneously. we demonstrated that hepatitis B virus is aiso inac-
tivated by this method. A similar conclusion regarding NANBHV was reached
using chioroform (2). Exploration of the effect of ether/Tween treatment on selec-
ted plasma proteins indicated that their biological function was largely retained.

Because ethyi ether is explosive and its use is not practical in most manufac-
turing environments. these seminal findings fostered a wider examination of sol-
vent/detergent pairs. ultimately i¢ading to the substitution of cther with trign-
hutyl)phosphate (TNBP). The usc of TNBP was favoured because it is non-volatile
and non-flammable, it was used previously in an inactivating step in the manutac-
ture of viral vaccines (3). it could be remaoved virtually completely from treated
solutions, achicving levels which were four o five orders of magnitude lower than
the toxicological threshold, virucidal potency was higher than that observed with
cther (hased on the rate of virus killing), and the retention of protein functional
activity was complete or nearly complete. We initially substituted sodium cholate
for Tween R0 because cholate ts a naturally uccurring detergent with an extremely
large margin of safety on infusion. and because cholate, but not Tween 80, could
be readily removed during the AHF punfication procedure we then used. None.
theless. because the rate of virus killing and protein compatibility are both higher
with non-ionic detergents such as Tween 80 or Triton X< HX) than with cholate, we
and others have turned to their use.

Confidence that use of SD treatment would enhance the safety of coagulation
factor concentrates came from severid virus kill studies, cach important in its own
nght. First, vesicular stomatitis virus (VSV). Sindbis virus, and Sendai virus, used
as markers, were all kitled relatively rapidiv, and to the extent of challenge (218
tssue culture infectious doses or TCID,). on exposure of our AHF concentrate to
0.3 TNBP and 0.2% sodwm cholate at 30°C for six hours. The non-caveloped
encephalomyocarditis virus, used as o control. was pot nactivated (4). Second,
based on the absence of transmussion of hepatitis to chimpanzees on intravenous
intuston of a pool of AHF concentrates. denved from 13 different Jots and five
LS. manufacturers and treated by us with TNBP/cholate, we concluded that it was
highiv likely that all forms of blood-borne NANBHYV were lipid enveloped (5). It
should be noted that the AHF concentrates which we used were not derived from
donors screened by any of the screening test methods introduced in 1985 or later.
and were neither virally inactvated nor highly purified. Indeed. subsequent chal-
lenge of the chimpanzees with the untreated pool resulied in classical NANBH.
Third. we showed that 210* chimpanzee infectious doses (CID.,) of cach of HBV
and HCV were nactivated on treatment of an AHF concentrate with TNBP/
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cholate (5). Fourth. shortly following isolation and growth of HIV in iong-term
culture by Dr. R. Gallo and his colleagues (6). we showed that HIV was rapidiv
and compietely inactivated to the extent of challenge on treatment of AHF with
TNBPi/cholate (7).

Imponantly, process recovery of factor VIII procoagulant activity was 80%.
the reagents were removed easily by gel filtration, neo-immunogen formation did
not occur as judged by the absence of detectable antibodies in rabbit sera raised
against SD-AHF. which did not react with untreated AHI and. finally, treated and
untreated AHF was demonstrated to have the same circulatory recovery and half-
life on administration to haemophiliacs. in a controlled. cross-over trial.

Bascd on the above findings. and the heightened concern over viruses. espe-
cially HIV. in coagulation factor concentrates. AHF treated with 0.3% TNBP and
0.2% sodium cholate at 30°C for at least six hours was licensed by the U.S. F.D.A.
in 1985,

Additional Evidence of Protein Compatibility

Shortly after licensing of SD-AHF in 1985, we studied the effect of SD treat-
ment on a large number of blood protein preparations, measuring virus kill and
protein functional activity. In each case. both virus killing and retention of protein
functional activity were high (8). A wide vancty of proteins of differing structures
and functions was examined, including factor VIII, factor IX, fibrinogen. fibronec-
un, specific 1gG antibodics. haemoglobin, alpha-interferon, and tumour necrosis
{actor. High protein concentration or the presence of even 2M glycine did not
affect the outcome. A high lipid content, such as is found in whole plasma. could
be accommodated by raising the concentration of TNBP, raising the temperature
of trecatment. or both. Based on this study. we concluded that SD treatment was
broadly applicable. This has since been confirmed in published and unpublished
clinical studies assessing circulatory recovery and/or hailf-life of protein prepara-
tons as diverse as intermediate purity (9) and monoclonal antibody-purified factor
VI (10, 11, factor I1X (12, 13). libnnogen. factor V., normal (14) and hyperim-
mune 1gG24 monoclonal [IpM. te.

Additional Pre-Clinical Evidence of Virus Safety

Since our imtial invesugation, the number and titre of viruses used in validation
studies have mcereased substantially (Table 1). In cach case. regardicess of the enve-
loped virus used or challenge dose. virus kill was compicte. Additonaliv. we have
made extensive use of the chimpanzee model to verify that HBV, HCV. and hepa-
tts delta virus (HDV) were inactivated regardless of the TNBP/detergent pair or
the protein solution used (Table 1. Kill was complete in cach case and. since the
treated solutions were ntused without benefit of other steps in the purification
process. and without use of reagent removal methods which might be expected to
decrease the challenge dose of virus, the total observed killing can be ascribed to
the SD treatment per se.

Given that chimpanzees are an endangered species and that the cost of studies
in chimpanzees s high, one cannot realisucally determine the rate of kill of HBV
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Table £ Virus inactivation with TNBP/detergent.

Virus Inactivation thog,, )
VSV 2 92
Sindbis | z 88
Sendai = 60
HBV | 2 60
HCV 2 50
HIV-1 | z110
HIV-2 z 60
DHBV j 713
CMV 2z 60
HSV-1 I > S8
VEE : 2 80
PI1 | z 40
MulV {Mov - 3} ' = 68
Murine xenotropic virus { z 40°
Rauscher munne leukemiu cootropic . z o

Virus was reduced 1o beiow level of deteetion within minutes: at 5.5 hours virus was respiked into solution and
completcly macuvated.

.

or HCV. Since duck HBV (DHBV) has been proposed as a surrogate for human
HBV. in collaboration with Dr. Alex Sito of Quality Biotech, we determined the
rate and extent of kil of this virus on SD treatment of plasma. Because our intent,
in pari. was to validate the model, we also determined the rate and extent of kil of
DHBYV when added to AHF and pasteurized at 60°C in the presence of 50%
sucrose and 2.2 M glycine, stahilization conditions in common use today. On treat-
ment of plasma with 1 % TNBP and 1% Triton X- 100 at 30°C, 10 1D, of DHBV
were mactivated in 9 minutes. and complete inactivation of the challenge inocu-
lum (2107 1D.) occurred at a time between the 1S and 4 hour sampling points. By
companson, only H 1D, of DHBYV were inactivated with 1) hours of pasteuriza-
tion (Fig. 1). These results gencrally conform to the expected. since SD has been
demonstrated to Kill 2 Hr chimp infectious doses (CID,,) of HBV while pastcuniza-
tion at 60°C in one case was reported 10 inactivate approximately 1(* CID., of
HBV (15). and in another case. the combination of removal and inactivation was
shown to chimmnate 2 107 CID. of HBV (16). Morcover, these results are also in
accord with the considerable stabilization afforded to other viruses when pasteuri-
2ed at 60°C in the presence of stabilizers (7).

Evidence of Virus Safetv in Formal Clinical Trials

The first tnal. which used our own TNBP/cholate-treated AHF. was conducted
yountly with the US. F.D.A. (18). Of the 17 patients emcred and followed for
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Tuble 1I: Summary of chimpanzee studies.

Treatment Number Results -

Test matenial c.,:.dm;m Virus dose of armmals posmveriotal
Pooi of commerciai AHF

concentrate 1 endogenous® 2 on
HCV added 10 an AHF

concentrate 2 10 2 o2
HBYV added to an AHF ‘

concentrate 2 104 2 ! o
HDV added to an AHF

concentrate 2 10¢ 2 o
HCV added 10 Cohn ; )

fraction H 3 i : 2 (1724
HCV added to plasma | ¢ | 10 J 2 | oo
HBYV added to plasma 4 i g X 2 i 02
HBV added to plasma [ s ] w | 2 | o
HOCV added to plasma 5 : iy i 2 | on

< 0.3% TNBP.0.2% sodwm chotate at 2470 [or ux hours
L 0.3% TNBP 0.2% sadiom cholate at 30°C for six hours
©.3% TNBP 1'% Tween B0 at 270 for ux hours.
2% TNBP at 37 °C for four hours
1% TNRE. ) Tron XCRREar W€ for four houn
Pooi ot 13 ots irom tive U8 manutacturen
** Amimal 326 dicd o1 anausthesa-relsted inewdent atter 28 weeks of follow.up.

S A b e 10

hepatitis transmassion for at least six months, 13 had not previously received hlood
products and three had ondy received three or fewer units of a single donor pro-
duct. All had been vacoinated against HBV. ALT measurements were made at
two-week ntervals for the first cight weeks and then monthly for at least six
months. Since none of the ALT measurements exceeded (or even approached)
twice the upper imit of normal, we concluded that (/17 patients developed signs of
NANBH. Samples from 12 patcents were also tested for anti-HCV, once this test
became available: all were negative (19). Additionalty, (/18 patients developed
anti-HIV anubaody. 1t should be emphasized that much of this study was performed
betare the avinlability of HCV-antibody testing and before routine impiementa-
uon af testing tor HIV-antibody, ALT, or hepatitis B core antibody. Additionally.
this concentrate did not have the advantage of chromatographic purification. Since
use of these tests should decrease viral loads by 10- to 100-fold, and ion exchange
and monocional annibody affinty chromatography have been shown to reduce
viral foads (20. 21y, modern concentrates which employ SD treatment should have
an even higher probability of safety.

Stnee this first study. numerous other investigations have been carnied out on
SD treated products {Tabie 1), In uggregate. 10.7 miilion units were infused, and
A3 027 and /455 of the panents developed signs of HBV, HCV, and HIV
transmission. respechively. 1ts interesting to note that one centre prepared an SD-
AHF tintermediate punity) and a prothrombin-complex concentrate (PCC) which
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Fie. 11 Inacuvation of duck HBV. Solvent/detergent vs pastcunization.

was heated in the Ivophilized state at 60°C for 72 hours from the same plasma
pool. The SD-AHF proved to be safe: the heated PCC transmitted HBV and HCV
(22). This finding s all the more remarkable since these viruses are known 10
concentritte away from the PCC traction and into the AHF fraction dunng crvo-
precipitation: the AHF was subjected to little additional purification, and the PCC
was chromatographicaliy purificd.

Routine Clinical Use

SD-treated products have been approved for routine use in numerous coun-
tnies. including Argennina, Austradia. Austria. Belgium, Canada. Ceechoslovakia,
Denmark. Finland. France. Germany, Isracl. taly, Japan. Korcea. the Netherlands,
Norway, Poland. Portugal. Saudi Arabia. South Africa. Spain. Sweden, Switzer-
land. the United Kingdom. the United States and Venczuela. Products which are
approved and the approximate number of doses transfused following approval are
given 1in Table IV It should be noted that the 3.8 million doses of AHF transtused
represents over 45000 man-vears of treatment. assuming an average infusion of
RO.000 IU per man-vear. Based on current usage patterns, approximately two
thirds of the AHF transtused in North America. western Europe. and Japan 1s SD-
treated. Throughout this ume penod. not a single case of HBV, HCV, or HIV
transmussion has been reported. To place this in perspective, before 1985, based on
studies tn chimpanzees and on clinical studies of the first of the drv heat-treated
AHF concentrates avaidabic in the U .S, essentially every vial contained HCV. and
transmession of HIV and HBV occurred frequently.
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Table 111 Viral safzty of solvent/detergem-treated coagulation factors.
'ru units Posurve/Total
References fused  *
tapprox.i | HBV | NANBHV ' HIV
Horowitz MS et al, 1988 ‘ :
Horowitz MS et al, 1990 AHF 145,000 w17 o1s
Guerois C vt al, 1991 AHF ua na o w18
FIX | ua na (4] oS
AHF. FIX - o4
Brackmao HH. 1992 { AHF } us . ma w1ss 49
Gonzaga AL. 1991 PCC t o L1D4600 0/16 [+241 a21
AHF | 5476000 w16 w22 o124
PanicucciFetal, 1990 | AHF | 1371600 | ma o3 040
DiPaclantonio Tetal. 1992. AHF  ©  1272.000 na na 09
Mariars G. 1992 | asF | 165000 | one 31 31
Gompens E, 191 AHF  ©  ma na >0 60
Perret BA etal, 1969 AHF $41000 | ma "o ons
PCC 265,000 s ns o8
Perret BA etal, 1991 AHF 158,600 ns na o6
Pecriinek K ct al. 1991 AHF ua 03 [ | o9
10.498.800 ! 0/53 i e b 4SS
Tahie 1¥" Reported usage of SD-treated products 1985-October. 1992,
Proxduct ‘ Units ’ Doses {approximaie)
Fvit | 19 MUs | 1.500
FViia i 2.6 MU ! 2.600
FVILI I 3864 MU | 3864000
FIX ! 187 MU ! 187.000
PPSB \ oMU | 9,000
CPPA | 10 MU . 4,40
Fibna giue | msemim | 15,190
Fibrinogen : 5088 g i 19.000
Imig & Ivig ‘ 318,000 g i 63.600
Mab igM . 2.697 units ; 2697
Plasma I 7.707 units I 1.926
' 4231313

* mudluan umis
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Based on estimates of the viral load present in plasma pools and removal and
inactivation during processing. we conclude that vials of modern plasma-denived
coagulation factor concentrates prepared with the SD method have less than once
chance in 10°. 10", and 1t of having HIV. HBV. or HCV present. respectively (23).

HIVIG

In response to the AIDS epidemic. we developed procedures for the manufac-
ture of a hypenimmune anti-HIV immune globulin derived from individuals intected
with HIV but without overt signs of discase. Because of the potential danger 1o frac-
tionation technicians. the plasma was virally inactivated with TNBP at the time of
pooling. Subsequently. the 1gG was isolated by Cohn-Oncley cold ethanol fractiona-
tion. and was given a second treatment with SD 1o assure further safety to the reci-
pient. As a safety test. both the virally inactivated plasma and the purified final pro-
duct were injected into chimpanzees. Despite being prepared exclusively from high
risk donors, neither sample resulted in the transmission of HIV or of hepatitis (24).
Morcover. the injected 12G exhibited a normal circulatory recovery and half-life.
In a subsequent study. the prevention of HIV infection on challenge of an injected
animal with 10 CID,, of HIV (25) (but not 200 CID,, (24)) has fostered the evalua-
tion of HIVIG. prepared using SD treatment. in the United States and Europe.

Introduction Into Manufaciure

Given the reproducibic and predictabic viral killing achieved with numcerous
diffcrent protein preparations. the SD methaod can figuratively be considered as @
cassette which can he inserted into virtually any purification scheme. While the
method was developed for use with blood protein solutions, SD treatments have
heen appited successtully to animal sera for use in tissue culture. both kgG and @M
monacional antibodies. products of recombinant DNA technology (espectally
when cell-culture derived). and to diagnostic reagents (26). To provide assurance
that virus kill occurs as expected. NYBC reguires that the rate and extent of Kill of
VSV and Sindbis virus be measured in cach preparatpn and the results compared
with the kill achieved on treatment of the NYBC AHF concentrate. If the rate of
kil 1s comparable, it is our belief that the safety exhibited by our AHF concentrate
and by other SD-treated AHF concentrates purified by a similar method would be
exhibited by the new preparation. Other factors are also important. c.g.. whether
the viral load in plasmi used in the manufacture of the new preparation is substan-
uallv higher than previously encountered. Since our preparation was of low purity,
and since Cryopreaimtation serves 1o Concentrate virys, most new preparations will
have a lower viral load than was present in our onginal AHF concentrate.

SD-Plasma

At one ume. the viral danger presented by coagulation factor concentrates
greatly exceeded the danger from singie donor products. ¢.g.. fresh frozen plasma
(FFP) or crvoprecipitate. With the development of powerful virus mactivation
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procedures. AHF concentrates and other virally inactivated plasma products are
now safer than the individual donations from which they were derived. This safety
has encouraged the development of SD-Plasma as a substitute for FFP (27). Brie-
flv. units of FFP are combined. thawed. treated with 1% TNBP and 1% Triton X-
100 at 30°C for four hours. the reagents removed by hyvdrophobic chromatography.
and the final product sterile-filtered. frozen and. optionally, lyophilized. Virus
inactivation has been extensively validated. Under these conditions of SD treat-
ment, the rate of VSV and Sindbis virus killing exceeds that observed with AHF
concentrates. treated either with TNBP/cholate or TNBP/Tween. We have also
shown that 210 CID,, of HBV. 21¢* CID,, of HCV. and 210" TCID,, of HIV are
killed. Addiuonally. because of our interest in validating the duck HBV model
{described above). we have shown that 210" 1D, of DHBV are inactivated. Coa-
gulation factor content is high and in the range expected for FFP, and clinical
results are excellent (28, 29, 30). SD-Plasma is now in routine use in France and
Germany, and a Product Licence Application was submitted to the U.S. F.D.A_in
February, 1993,

Non-Enveloped Viruses

The SD method docs not inactivate non-enveloped viruses, and the foundation
for use in a blood transtusion setting was the realization that the principal viruses
of concern (HBV. all forms of NANBHYV inciuding HCV, all retroviruses inclu-
ding HIV) were all enveloped. Nonetheless. two viruses, parvovirus and, more
rarcly, hepatitis A virus (HA V), have been transmitted by cell-free blood products
and should be discussed.

Parvovirus is a ubiquitous virus causing fifth discase. so-named because it was
the fifth recognized exanthema of childhood (31, 32). Infections are frequently
asympiamatic. and because antibody is neutralizing, self-limiting. A decline in ery-
throid pregenntor cells, seen in some individuals, would only appear 1o be serious
in panents with another undertving hacmatologic disorder. for example, thalasse-
mix. Some reports indicate that the foetus may be at risk for the development of
hydrops foctalis if the mother is infected with B19 during pregnancy. though in
maost cases, the foctus was reported not to be affected. Since parvovirus is aiso
heat-stable, current evidence indicates that essentially all coagulation factor
concuentrates can transmit parvovirus (33, 34), although a reduced rate of transmis-
sion was clarmed for a preparation heated at 80°C for 72 hours (34). Most blood
recipients have already been exposed and have immunity. including 50-60% of the
peneral population and virtually ail adult hemophiliacs.

A more extensive discussion of HAV would appear to be in order since there
have been several recent reports of hepatitis A amongst recipients of an ion
exchange chromatography purificd. SD-treated. AHF concentrate {35, 36, 37).
Hepatis A virus 1s a preornaviruses. 1t is gencrally transmitted by the faecal-oral
route und 1s highty prevalent in the developing world where 250% of the popula-
tion mav be infected in carly childhood. In countries with advanced standards of
hygiene. ifections may occur at any time throughout life since most adults are not
immunc. Ininfancy. most infechions are subclinical. while about 25-50% of infec-
ted adults develop overt hepatitis. The incidence of HAV infection in developed
countries s hughly vanable depending on the occurrence of epidemics. but it has
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been rather stable overall in the United States in recent decades. The infection 1s

.n all cases self-limited. with viraemia persisting for only a few days or weeks.
Except in the rare case of fulminant infection. exposure is followed by compiete
recovery without chronic residua such as cirrhosis. - )

HAYV transmission to blood recipients has occurred only rarely. For example.
HAV transmission did not occur in any of the numerous, prospective studies of
single donor products designed to monitor hepatitis transmission and conducted in
the past 10-15 vears (Table V). Moreover, HAV was not transmitied 1o chimpan-
2ees in any of the evaluations assessing coagulation factor concentrates. including
the chalienge phase when animals received the non-virally inactivated control.
Moreover. we are aware of only one case of HAV reported in any of the nume-
rous. prospective safety trials conducted with anv coagulation factor concentrate.
independent of viral inactivation method used (38).

Regarding the recent HAV outbreaks. the first was associated with an SD-
treated AHF concentrate manufactured at one site in ltaly from U.S. commercial
plasma. At least 41 cases of HA. widely dispersed throughout ltaly, were described
(35). Thinty-eight (93% ) involved icteric disease. Lot tracking indicated that if SD-
AHF was the vector in all cases. at least 12 different lots of product were involved.
The AHF production method used jon-exchange chromatography in addition to
SD treatment. Between batches, the column was regenerated and sanitized with
NaOH. Interviews with and serological screening of fractionation employees ruled

Tabie V: Absence of hepatiis A transmission on transfusion of blood.

INumber ;L Number
Reforence Coumtry | of ram- -

patients - fused P HA  NANBIE HB © (MV BBV
Aach ctal, 1981 Umed States 1528 5564 il 4} 156 18
Ateretal 198 | UssedStus | 20| 339 ] % | o | 3 | | l
Katchabrctal 11 Netherlands WS 0 13 T 1
Comenetsl 1982 Amnis | 82| em| 18 | o | w | 3] 1]
Grillncreial 1980, Sweden M R 1S 9 W oo
Coliosetal, 1983 | GrestBrian | 26| 16| 3% | o | 3| o | 0o |
Hernandz ¢t al. ’ ) ) :
19K Spain ha R A S 0 ¥ W !
Tremuiadaeral, |
1980 i Tty ] ml 1.sm§ L] l 0 } » ‘ N l + l
Tur-Raspacial. ;
1w {sracl 56 b 4 It 4 ] .
Aracdedi®s | Fnme | 6| @ | s | o | 4] o | 1]
Commboct al. 197 hah 8% 3R % t U )
Sogeal 9@ | Gemay | av|22m| w6 | o | 5| 1| |
Wideleral 198 " - Sweden [ MR ] 0 14 6 ! s
smneatiwt | my | mlsm] 2 | o | o] o | 1|
Tou 856 Wi 559 i a7 2o, n i
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them out as possible vectors. Since the manufacturer of the implicated AHF sup-
piied 9% of the AHF used in ltalv. an epidemiological investigation which uses a
control group matched for age and seventy of ciotting-factor defect is extremely
difficult. Nonetheiess. a recently reported case-contro! study is compatible with the
conclusion of product involvement (39). and this seems reasonable given the num-
ber of patients invoived and the geographic spread of the disease. (In contrast. a
measurement of seroprevalence of IgG anti-HAV amongst haemophiliacs in sou-
thern ltaly showed that patients treated with SD-AHF, SD-treated prothrombin
complex concentrate. or pasteunzed factor AHF were essentially all identical
(60-70% seropositive) and not different from the general popuiation (40)). Howe-
ver. given the number of lots implicated and the use of U.S. plasma, it seems unli-
kely that plasma was the pnmary vector. One reasonable aiternztive was the pro-
cess water. which was derived from a local well and purified by reverse osmosis.
Before use. it was neither distilled nor heated at 80°C. A study has been initiated
with Dr. Robert Purcell and with the co-operation of the manufacturer to deter-
mine if infectious HAV or HAV genomic sequences could be found in some of the
implicated lots of AHF. A preliminary report of the results was given recently.
Although HAV was found to be present by PCR in at ieast one lot of product.
infectious HAV was not found on injection of chimpanzees (40). Preiiminary
sequence analysis indicates that this strain of HAV is homologous to strains more
typically found in ltaly than in the United States (41).

Seventeen cases (nine icteric) of HAV transmission amongst haemophilia A
paticnts 1n Ireland have recently heen noted (42). Locally collected plasma was
shipped to a different fractionator than described above: however, AHF was pre-
pared by the same process method. Ireland was experiencing an outbreak of hepa-
ns A at the me the plasma was collected. and all cases could be traced to a singie
plasma pool (43).

Thirteen cases of hepatitis A amongst recipients of AHF concentrates in Ger-
many have been described. and an international team has recently been formed to
particaipate 1n the investigation. All the implicated product was produced by the
same mcethods as described above. Hepantis A did not occur in haemophiliacs
treated with other AHF products. Even though extensive studies are only now
begimning. several facts have emerged. The first four cases occurred at the same
chnicin 1988 within a six-week period. Since these cases did not have a lot of AHF
in common and were removed from subscequent cases by at least 15 months. it
seems reasonable 1o conclude that these were probably the result of community
transmission. Examination of four of the implicated AHF lots by PCR revealed
that two were positive: however, most recently it was shown that the genomic
sequence wdentificd i the lot of AHF differed from that found in the infected
patient

Intecuvity analvsis is pending: clearly. final conclusions must await completion
of the investization: nonetheless, interesting. but as vet unevaluated. hypotheses
have been advaneed to explain why HAV transmissions might be occurring now
althoueh thev did not occur previously. cven before the use of viral inactivation
methods. One hypothesis 1s that improved hygiene in many countries, including
Italy. has caused a shift in the age of community exposure from the young to the
biood donor population. thus increasing the HAV nisk of biood and bicod pro-
ducts A second hypothesis is that improved hygiene has resulted in a lower level
ol ncutrabizing antibody present on the pooling of plasma units. A third hypothesis
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is that neutralizing antibody present in the intermediate purity products in com-
mon usc betore 1989 has been removed by the more intensive purification schemes
now emploved. Such antibody could serve to neutralize virus that might be present
occasionally. A variation on this idea is that when transfused. this antibody affor-
ded passive immunity to the recipient, protecting against community-derived
HAYV infections. A fourth hypothesis is that use of plasma coliected in regions or
countries without a sophisticated regulatory system. such as possibly East Ger-
many. might have contributed to the German outbreak. A fifth hypothesis. now
ruled out (44). is that the ion-cxchange column used in purifying the AHF in ques-
tion serves to concentrate HAV, releasing it into the AHF ¢luate from the same
batch or in subsequent batches. This might heip to explain why hepatitis A has not
been observed among hacmophilia B patients treated with prothrombin-complex
concentrates or amongst haemophilia A patients treated with SD-AHF prepared
bv other purification methods. Of course, any combination of factors. including
those listed above. might be operating simultaneously.

Several solutions have been proposed. the most immediate of which would be
the vaccination of all non-immune hacmophiliacs with the now available hepatitis
A vaccine, or passive immunization with normal immune globulin. This approach
seems rcasonable since we cannot be sure that any of the coagulation factor
concentrates in use today would be safe. given the resistance of HAV to SD and
the relative heat stability of this virus. A second approach would be to combine SD
treatment with a second method validated to inactivate or remove HAV and other
non-¢nveloped viruses. For example. virus removal may be higher with the current
monocional antibody purification schemes than with ion-exchange chromatogra-
phy. virus removing filters are now becoming available, and the heating of SD pro-
ducts tn the vophilized state at HXO°C has been recommended (45). Validation of
HAV killing and protein compatibility are necessary. A third approach would be
to improve the quality of plasma by ceasing to collect in regions endemic for hepa-
titts A or duning a hepatitis A outbreak.

CONCLUSION

The SD methad of virus mactivation has been validated extensively with repard
to virus kilhng and protein companhibity. SD-treated products would appear to
enjoy i high margin of safety with regard to all major blood-borne viruses, inciu-
ding HBV,  HCV. and HIV. The SD method can be inserted readily into virtually
any purtication scheme. providing predictanie and cffective virus kitling. The high
specificity of reaction denves from its mechanism ot action. being directed aganst
the bped coat of enveloped virases. Non-enveloped viruses. should they be present,
wiil not be activated: thus, protection agamst these viruses needs o come from
other tactors, e.g. donor sclection, antibody neutralization, and/or complementary
methads of viral removal and Kilhing. Fortunatelv, in a transtusion setting and with
products of cell culture, including monocional antibodies and recombinant DNA-
denved products. non-enveloped viruses present little if any risk. Several recent
outbreaks of hepatitis A in haemophiliacs in Europe treated with an AHF concen-
trate prepared using the SD method and the same ion-exchange chromatographic
svstem requires additional mvestigation as to source of virus and reasons for trans-
musion. These cases stand in contrast 1o the absence of ictenc hepatitis A trans-
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mission in the United States (46) or Japan (47) and to the historical hepatitis A
safety exhibited by all blood products. inciuding coagulation factor concentrates.
Meanwhile. because of ihe uncertainty surrounding these transmissions. and the
overall stability of HAV to killing. physicians should consider vaccination of sus-
ceptible haemophiliacs with one of the newly available HAV vaccines or passive
immunization with immune serum globulin.
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of the Advisory Committee, my name is Donald

Tankersley. I'm a technical consultant for the

fractionation industry. I am not being compensated
for my presentation nor £or its preparation.

Restricting the maximum pool size for
plasma fractionation may adversely affect the safety
of plasma derivatives. Lynch, et al., in an article
published in the journal Transfusjon earlier this
year, demonstrated by mathematical wmodeling” that
decreasing the size of plasma pools would, at best,
decrease ti’xe risk of exposure to an eticlogic agent in
proportion to the reduction in pool size. However,
for éll but the rarest of infectious agents, this risk
of exposure would be only minimally affected even by
large reductions in manufacturing scale.

The article further pointed out that risk
of exposure does not equate to risk of infection,
which is always less. Other factors may result in a
decreased risk of infection with increasing pool size.

These factors include: Neutralization
and/or complexing of infectious agents by specific
antibodies; neutralization or complexing by fortuitous

nonspecific antibodies; and the dilution of infectious

agents to noninfectious levels. -

The most notable evidence that
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neutralizing antibodies play a beneficial role in the
safety of plasma derivatives lies in the historical
safety of immune globulin with respect to hepatitis B
transmission. Before the application of viral
i.nact:ivar:ion methods, this safety derived at least in
part from the almost universal presence of anti-HBs in
the product.

One 1lot of immune globulin, produced
pefore third generation testing for HBsAg was
mandated, was implicated in the clinical transmission
of hepatitis B. This lot was subsequently shown to be
infectious in a chimpanzee, and was found to contain
practically no anti-HBs.

Although the level of anti-HBs in plasma
pools may depend upon numerous factors, its presence
or absence is dependent upon pool size. Simply by
chance, antibodies of low prevalence in the donor
population may be totally absent in small pools. For
example, some lots of specific immune globulin
preparations have been found to contain no anti-HBs.

Although current viral inactivation
processes are very effective against hepatitis B, many
have only limited usefulness against other ir_x_fectious
agents. Freedom from transmission by immune globulin

preparations of parvo and hepatitis A, for example, is
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likely due to the presence of neutralizing antibodies
against these agents. -

Decreasing the pool size may have a
substantial impact upon the presence of antibodies to
other known or unknown etiologic agents occurring at
low prevalence in the donor population. A decrease in
pool size would have the greatest impact upon the
safety .of immunoglobulins, but‘it cannot be assumed
that other products, including coagulation factors,
might not also be adversely affected.

Antibodies need not be neutralizing in
order to affect the safety of plasma derivatives. The
experience with anti-HCV screening has taught that,
merely by complexing with virus, antibodies can have
a sqbstantial effect upon partitioning.

The second factor that needs to be
considered,, the potential for neutralization of
infectious agents by fortuitous antibodies, is far too
complex to explain in detail in the time allotted.
The overall concept is that antibodies to any agent
are capable of being generated by the immune
repertoire.

The production in quantity,_-by an
individual, of multiple antibodies -- to é;fferent

epitopes present on a virus or other etioclogic agent
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normally requires previous exposure to that agent or
to a vaccine. However, an individual may produce
antibodies directed to a different immunogen, which
fortuitously cross-react to a particular epitope of an
agent to which he has not been previously exposed.

Another individual may produce fortuitous
antibodies to a different epitope. When one pools the
antibody diversity from many thousands of donors, it
is possible t:hét the combined activity of many such
fortuitous, cross-reacting antibodies can result in
substantial complexing or neutralization of an
infectio{zs agent, even though none of the individual
donors has active immunity to this agent.

The whole may be greater than the sum of
its .parts. This concept provides an explanation, for
example, for the observation that immune globulin
preparations freguently test reactive for anti-HCV,
even though derived from individual units which are
non-reactive by the same test.

Finally, the effect of dilution of an
agent by the pooling process should be considered. I
would just like to offer one example of how
diminishing the size of plasma pools might a_r_lvexsely
affect safery. N

There is no evidence that Creutzfeldt-
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Jakob disease has ever been transmitted by plasma
derivatives, even though it is a statistical certainty
that many lots of plasma derivatives derived from the
plasmaof. donors subsequently succumbing to-CJD have
been produced, distributed and used.

The reasong for this lack of transmission
are unknown, ‘but it may be related to the low level of
infectivity in plasma from a CJD victim, coupled with
a further greater than ten-thousand-fold dilution of
this infectivity in a plasma pool. Can we be
confident that limiting the extent of this dilution by
mgndating a  diminished pool size will still afford
safe products?

In conclusion, although pooling plasma
from many donors may increase the risk of exposure to
infectious agents, pooling may actually decrease the
risk of infection. This decreased risk of infection
may be facilitated by dilution and complexing or
neutralization of infectious agents by either specific
or fortuitous antibodies present in large pools.

Unless it can be proven that substantial
decreases in pool size would significantly improve

safety mandating such a decrease does not seem

warranted. Thank you for your attention.

CHAIRMAN SWISHER: Are there questions for
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Mr. Tankersley? Thank you.

The next reserved speaker is Chris Lamb
from the American Red Cross.

MR. LAMB: 'Good afternoon, My .name is
Christopher Lamb, and I‘'m the Vice Presidenc of Plasma
Operations for the American Red Cross. Thank you for
the opportunity to speak beforg the Blood Products
Advisory Committee regarding the size of plasma pools
used in the manufacture of plasma derivative products.

My responsibilities include the
supervision of the manufacture and distribution of
plagma derivative products from plasma recovered from
volunteer whole blood donations collected by »the
American Red Cross. Parenthetically, over 99% of Red
Crogs plasma is recovered from whole Dblood
collections. A small amount is source plasma.

By way of background, the American Red
Cross does not own or operate a manufacturing facility
for plasma derivative products, but has entered into
several contract manufacturing agreements which allow
for the manufacture of‘ products exclusively from
American Red C(ross voluntary plasma under private
label.

P
Red Cross recommends that any discussion

regarding plasma pool size should take into account
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Mr. SHAYS. Let me just say for the record so we don’t have to
dispute these issues, this committee believes and the Department—
HHS believes that we have the safest blood supply in the world.
This is not an issue. It’s also not an issue of whether you all have
made significant strides—the industry has made significant strides
in the last few years to improve the quality of the blood supply. I
think we all acknowledge that in the 1980’s, we just weren’t as
vigilant as we should be. HHS acknowledges it wasn’t as vigilant
as it should be in monitoring the safety of the blood supply.

The issue that I am—I know, Mr. Chairman, you have some
questions. And you’ve given the option of whether I can just go first
and so on, because I need to leave. I have an appointment at 1, and
Mr. Snowbarger will come in to Chair the rest of the hearing. So
I just want to focus in on a few issues, and I don’t need a response
from everyone if you all agree with the response. I want to just
focus in on the size of the pools, the lot size, and I just want to
understand certain elements of it a little better.

First off, I will say to you that both this committee and the FDA
were surprised by focusing on the pool size and then not focusing
in on what I guess becomes the lot size, when you take different
pools and then you combine these pools, and you end up with a lot
size that can get into the hundreds of thousands. And so I'm just
going to say to you that that was a surprise to this committee. And
we need to understand its implications.

First, explain to me, and I'll go with you, Mr. Reilly, the dif-
ficulty of having a smaller pool size, whether it’s 30,000 or 15,000.
Why are smaller pool sizes costly and reduce supply?

Mr. REILLY. Let me break that into two or three parts perhaps,
and then my colleagues might want to chime in with some addi-
tional detail.

First of all, with respect to costs, let me say that the Association
has not dealt with the cost question at all. We’ve tried to deal with
the size of the pools as purely a safety question. There can be little
question that there is a cost. At this point, we simply have not
made an assessment of that issue.

What we've tried to do and what we’ve said to you today is that
we have determined, after a great deal of discussion, that there are
opportunities for us to immediately reduce the size of the pool off
the highs that have been reported. That means at least a 40 per-
cent reduction off the hundred thousand.

So what we’re saying is, clearly, we are going to set a ceiling
then at 60,000 for the major products that we have described for
you. So I think that is an important point that I want to reiterate.

I want to make a second point, and that is throughout the dis-
cussion of pool size, there has been confusion about the unit of
measure. That confusion has led to, I think, a sense that perhaps
people are not being forthright in the discussion or perhaps are
being deceptive. I would like to try to dispel that because I genu-
inely do not believe that that’s true.

Mr. SHAYS. You have your own agenda right now, but that’s not
my question. And with all due respect, my question is just trying
to understand why, when you reduce the pool size, we create ineffi-
ciencies and we reduce supply of product. That’s what I'm trying
to understand.
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Mr. REILLY. Let me try to answer that in two ways.

Mr. SHAYS. And someone else can. Maybe I should go to a manu-
facturer.

Mr. REILLY. If you are looking for a highly technical answer, then
I would defer to a manufacturer. Maybe I can answer it on the
basis of the comment that you made earlier, which was to say you
wanted to come back and look at the chart we provided. So perhaps
if we look at the chart again, I can make one point, and then I can
allow one of my colleagues to come back with more of a technical
response.

Can we put that chart back up on the easel?

When we made this chart, the goal was to make an assessment
of the consequence if we went to full implementation of the FDA’s
proposal of 15,000 liters which had been suggested in the previous
BPPA. Each of the companies internally looked at their systems,
and they acknowledged to each other in the conversations that we
had of trying to assess what was—what opportunities were here,
that within their systems, their systems were very different. And
those differences made simple explanations very hard.

What we attempted to do was have each manufacturer look at
their own systems and assess what would happen if they fully ap-
plied the proposal that FDA had put forth at a previous BPPA
meeting. We then turned that data over to an outside third party
along with the consumption data for 1996 and said, if, in 1996, the
full implications of this standard were to be applied with all of the
elements that the individual companies have to take into consider-
ation, what would be the consequence on supply? And the con-
sequence, as this chart shows, is that there are substantial, then,
reductions over what——

Mr. SHAYS. Mr. Reilly, I don’t mean to be rude, but I'm with you
there. I just want to know why. Just tell me why. That’s all I want
to know.

Dr. Feldman.

Mr. FELDMAN. Maybe I could have a try at it. I think there are
a number of questions, Mr. Chairman, and I'll try to focus on try-
ing to answer what’s the problem in making it smaller, maybe
making it more often, what are the difficulties there. I think there
are potentially several different answers.

Now, one answer is it depends upon what range you talk about.
If you’re talking about from very large, like you quoted 400,000
down to 15,000, that’s one set of answers. If you talk about making
it small to try to improve the risk of potential exposure below that,
there’s another set of answers. But I've tried to detail

Mr. SHAYS. You know what I'm going to do, I'm going to cancel
my next meeting. I'm going to go to you, Mr. Burton. I'm sorry. I'm
going to stay as long as I have to stay. Why don’t you start, Mr.
Burton.

Mr. BURTON. I won’t take much time, Mr. Chairman. I was inter-
ested in the CJD issue. Before I get to that, though, is there any
attempt being made to come up with synthetic supplies for these
various problems for hemophiliacs or other diseases?

Mr. FOURNEL. Sure. There is a recombinant form of Factor VIII
that is available.

Mr. BURTON. I can’t hear you. I'm sorry.
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Mr. FOURNEL. There is a recombinant form, recombinant DNA-
derived form of Factor VIII, for example, and recently for Factor IX
deficiency, that’s available from several companies. So there are ef-
forts where possible. But there are reasons why that can’t be done
for all products.

Mr. BURTON. With that shortfall that the chairman was just talk-
ing about, because of the pool size, is that something that can be
overcome with the development of synthetic products?

Mr. FOURNEL. Potentially in some, by not all cases.

Mr. BURTON. How long would that take?

Mr. FOURNEL. Well, it’s quite a long process, of course, to develop
products. But, for example, a recombinant Factor VIII is available
now in the United States from two or three companies. And it is,
in fact, impacting the market significantly in terms of providing
this therapy as an alternative to the plasma-derived form that you
saw.

Mr. BURTON. So the problem that the chairman was talking
about at some point in the future might very well be overcome

Mr. FOURNEL. Potentially.

Mr. BURTON [continuing]. For that safety factor because of the
synthetic products.

Mr. FOURNEL. For that case, yes.

Mr. BurTON. OK. Now, getting back to the CJD quickly. Is there
any scientific evidence to support that conclusion that it’s spread
through blood transfusions?

Dr. GOMPERTS. May I answer that one? From the epidemiologic
point of view, studies were already mentioned by—carried out
through the American Red Cross and the Center for Disease Con-
trol. Studies in Australia, Germany, United Kingdom that have
been completed as well as those that are ongoing showed that this
agent, whatever it is, because we don’t know what is causing this
disease, is not being transmitted or cannot be detected to be trans-
mitted through the blood supply or the products that we make.
However, there are experiments that have started. They take many
months, and some cases years, to do. And these experiments, the
very first indication is that it is possible under some circumstances
in mice or hamsters for transmission to occur.

Mr. BURTON. So it’s not conclusive yet.

Dr. GOMPERTS. It will take some years to finalize.

Mr. BUrTON. OK. Do scientists know how it’s spread in humans?
And is there any reliable way to diagnose it?

Dr. GOMPERTS. The methods of spreading have been documented
to be, in my opinion, two forms. The one is through the food supply.
And this has been documented through the unfortunate episodes in
the United Kingdom and also in other countries in Europe, the
“mad cow disease” situation.

Mr. BURTON. And the diagnosis?

Dr. GOMPERTS. I beg your pardon? And the diagnosis is made by
a clinical evaluation. There is no laboratory test. And also at au-
topsy or biopsy of brain tissue.

Mr. BURTON. So it’s mainly after the person has been

Dr. GOMPERTS. Impacted by the disease, exactly.

Dr. DAVEY. If I may add, there’s also some evidence that the dis-
ease—there is evidence that the disease has been transmitted by
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transplantation of dura matter, which is a covering of brain, and
as well as by human-derived pituitary growth hormone, which was
used in the 1980’s and is not used anymore. So those are risk fac-
tors for transmission of the disease.

Mr. BURTON. OK. Is there anything that the blood products in-
dustry can do to guard against the possibility that CJD is trans-
mitted through blood products?

Dr. DavVEY. I think Dr. Gomperts has already touched on that—
some of those issues, Mr. Burton.

In the Red Cross, we are very concerned about this issue; and
we do, as I believe I outlined in my testimony, have several re-
search projects under way. We are working with Dr. Brown at the
NIH, looking at transmission studies to see how the agent is trans-
mitted in an animal model.

We are also anxious to look at inactivation of the virus and
whether or not it can be filtered out of blood and blood components,
and we have active research with Dr. Robert Rohwer at the VA.

We also have epidemiological studies looking at recipients who
have received products from donors subsequently diagnosed as CJD
and have an extensive look-back study. Those data, as I mentioned,
are encouraging and support the conclusion, I think, of the moment
that we don’t have good evidence that this disease is transmitted
by transfusion.

Mr. BURTON. I don’t mean to be redundant, because I know some
of you probably covered some of this in testimony before I got here,
so I apologize for that.

How many cases of CJD were reported in 1996 in the United
States? And I am sure that doesn’t compare at all hardly with Eng-
land, for instance. But can you give me a number? I don’t recall.

Dr. DAVEY. I can’t give you the exact number for 1996, but the
incidence has been very stable at one case per million per year. So
we are experiencing about 250, 260 cases per year in the United
States. That incidence has held steady since the disease was first
described in the 1920’s.

Mr. BURTON. And, I presume, that, in all of your views, that the
industry is doing everything they can possibly to make sure that
that is minimized and the public is protected?

Mr. REILLY. Well, what has been described is a variety of re-
search initiatives that are under way to assess some of the un-
known, but clearly that is what we are dealing with here, is a great
deal of unknown. What we have learned over the years is that, in
areas of the unknown, there is a pretty good consensus that says
you incrementally deal with what you do know and find your op-
portunities.

What we are doing at the collection end is to impose donor cri-
teria that allow us to identify potential donors who might have
some risk and remove them from the donor population.

At the other end, in the product area, what we do is when, post-
donation, we learn information that suggests that a donor was
somehow at risk and not captured at the donation period, then we
have been taking what I think most people would consider a very
conservative strategy of retrieving product from the marketplace
when those kinds of occurrences happen.
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Mr. BURTON. Mr. Chairman, thank you very much for your hospi-
tality. I appreciate it.

Mr. SHAYS. Any time. We appreciate your being here.

Mr. Towns.

Mr. Towns. Thank you very much, Mr. Chairman.

Could you help me very quickly? What is the distinction between
pool size and lot size, as brief as possible? I need some help.

Mr. FELDMAN. Let me try, and I will try to be brief in my an-
swer.

The pool size in its strict test definition is how many donors start
the process going. But because of combinations of fractions in order
to make sufficient quantity of drug, at the end of the process the
pool size is represented in a final vial from the batch in terms of
all of the donors that have been encountered by processing from
the beginning.

The lot size, the batch, is the final product that is released for
distribution, that has gone through a combination of steps along
the way.

Mr. SHAYS. Could I just try to answer, and you tell me if I am
right? You have pool A, pool B, and pool C. A lot can be a combina-
tion drawing from pool A, pool B and pool C.

Then you have this lot that you disseminate—you draw from all
three different pools; and then, in effect, if you had a pool size of
50,000, you would have a pool size of 50,000 here and here. It
comes down to one lot distribution combining these products, and
you end up with 150,000 of donors to participant donors. Is that
an accurate description?

Mr. FELDMAN. That is a good example of how a batch can be put
together, yes. But the donors that contribute to that are a function
of the fractions that are combined, as you have stated, and a func-
tion of the stabilizer that is added as well.

Mr. SHAYS. Still, if you have three pools combined into one lot,
you add up all the donors to each pool.

Mr. FELDMAN. That is right.

Mr. FOURNEL. Don’t forget, you can also have repeat donors. It
doesn’t mean you have 150,000 donors.

Mr. SHAYS. You would have some reduction factor, that is true.

Mr. TownNs. That leads me to my next question. Would members
of the industry be able to conduct a consumer-level recall program?

Dr. DAVEY. That is an important question, and I think we heard
some very powerful reasons that we need to do better at notifying
the patients when a recall is in effect.

In the Red Cross, we have been concerned about this because we
feel the system is inadequate. I can review briefly what we do
when a recall occurs.

We notify as quickly as possible the NHF, hemophilia treating
centers, hospitals, other intermediate providers as quickly as pos-
sible with information about a recall. We also are very attentive to
education programs for hemophilia treaters and their patients
about recalls and what they mean.

We support the right of a patient to know as soon as possible
when a recall takes place; and, therefore, we have supported regu-
lations that would require intermediate distributors of our products
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to record lot numbers. We feel that is an important step for us to
trace the material to the end user.

So we feel that this is an important issue, and we need to do bet-
ter.

Dr. GoMPERTS. Congressman Towns, the products that we are li-
censed to manufacture and market are prescription products, so
that we are not permitted to know the end user. The physician
writes the prescription for his or her patient. So the communication
between my company and the specific end user, the patient, is not
appropriate. It is not permitted.

The issue of recall through to the end user is an important one.
This has to be addressed satisfactorily to the end user, ultimately
the end user patient welfare, because that is what we are all about.
So that activities are ongoing, communication is ongoing, in trying
to resolve this issue; and these communications are between indus-
try and between the FDA and also the representatives of the He-
mophilia Foundation.

Mr. TowNs. Mr. Chairman, if I am understanding this cor-
rectly—I really have a concern, because you are not telling me that
you have any way to tell whose refrigerator this is in or whose
house this is in. I think that is the bottom line; and I think that—
as Dr. Davey indicated, I think that is where we have to go. I ap-
preciate your comments, but that is a real concern. I think, Mr.
Chairman, we need to look at this very carefully.

Yes, Mr. Reilly?

Mr. REILLY. I think we share that concern. You know—and I
don’t want to use this a lot—but we are in a very complicated area.
We make a variety of products that are used by a diverse variety
of patient populations.

In some circumstances, it is very practical for us to think we are
going to be able to identify the groups who effectively represent
those patient populations and know them quite well. In other
cases, we distribute products in which that is not as easy to do.

For example, with our albumin product, which is used in burn
treatment, it is frequently not very practical to get right to a user
group who would represent that audience.

What the industry has attempted to do is we, in conversations
with the Food and Drug Administration and the Blood Products
Advisory Committee, recently acknowledged that we thought there
were some things that could be done immediately or quickly with-
out a lot of barriers toward improving the communication; and
there were other things that perhaps needed more discussion and
ultimately might need laws or regulations to deal with the barriers
that are there.

So what we have suggested is that we would undertake the re-
sponsibility to create, within our group, a Web page that would be
hyper-linked to a variety of different groups so we could improve
or make a contribution toward improving information that flowed
out to at least the well-defined populations of patients who use
plasma products.

Beyond that, we would work and network with, if you will, those
user groups so that we could identify specific parties, that we could
ensure that the information got to them so that they, in turn, could
ensure the information got to the constituents that they represent.
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Beyond that, we have suggested to the FDA that, because there
are very real legal privacy barriers that make notification directly
to all patients difficult, that we encouraged FDA to consider con-
vening some open public meeting where all those issues could be
aired; and then we could determine which kinds of notification sys-
tems might be available and what regulatory or legislative barriers
might exist to accomplish these.

So I think what we have tried to do is do this in two-steps: try
to do those things we can do quickly, and then let’s try to find out
where the barriers are to a more substantial and comprehensive
program.

Thank you.

Mr. TowNs. Mr. Chairman, I am going to yield back. I feel I
know what we need to do, so I am going to yield back.

Mr. SHAYS. Mr. Snowbarger.

Let me just say, we are going to go on for a bit. We are really
nailed down on where we see our agreement and disagreement, so
we have time.

Mr. SNOWBARGER. Thank you, Mr. Chairman.

As I hear more and more about this, I guess I am getting more
and more confused, particularly about CJD. My understanding—
and, again, I forget which witness mentioned it in the answer to
Mr. Burton—was that we have not yet been able to isolate the fac-
tors that cause CJD, and yet we are performing experiments all
over the world to see how we can pass it on. Somebody lost me
somewhere.

You know, what kind of experiments are we doing—with what?
To whom—when we don’t know what factor it is that causes this
particular disease? Anybody?

Dr. DAVEY. I will do my best. I am not in active research on this,
Mr. Snowbarger, but I think you have hit a very important point,
that the research that is being conducted now is hampered by the
fact that we haven’t identified the agent that actually causes CJD,
and we have no tests for it.

We do know that there is a transmissible agent involved. This
has been documented, because pituitary human-derived a growth
hormone, dura mater and other means have transmitted the dis-
ease in very isolated circumstances.

So what we have tried to do

Mr. SNOWBARGER. Excuse me. We have incidents of those trans-
fers that are specific enough to know that that is the only factor
that could be the explanation?

Dr. DAVEY. Yes, sir, that is correct. With the growth hormone
and dura mater, that has been documented that that is the mode
of transmission. So the experiments have to be done in an animal
model using evidence of transmission without actually being able
to identify or test for the agent itself. This complicates the re-
search.

But I think Dr. Brown and Dr. Rohwer and Dr. Dronan at our
lab are expert at working on some of these issues, and they are
conducting experiments that I think can follow transmissibility in
animals and can follow an activation process in animals without
actually having a test for the agent itself.

Mr. SNOWBARGER. Yes?
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Mr. FELDMAN. Could I answer that, Mr. Snowbarger? I think you
have identified exactly the right questions that we are all trying to
grapple with, in terms of how do you do experiments in this area
to tell you some things so you can decide what to do with that.

Mr. SNOWBARGER. Very frankly, that is the reason for my ques-
tion. We stand here prepared to tell you how you are supposed to
operate your business, when if you don’t understand what you are
doing, I am not sure how we understand what you are doing.
Therefore, I don’t understand how we feel like we

Mr. SHAYS. Would the gentleman yield?

The reason is that we had hearings in the previous Congress and
we got into this whole issue of what happened in the 1980’s. When
you have hemophiliac patients who can tell you of the loss of their
brothers and sisters and sons and parents and that half of the he-
mophiliac patients contracted AIDS, you begin to say, I am going
to wake up, and I am not going to go on the assumption that, be-
cause I can’t prove it, it doesn’t equal no threat.

We went through that in AIDS. This committee is going through
it right now with chemical exposure. We had the DOD tell us if our
troops didn’t fall on the spot, they weren’t exposed to chemicals;
therefore, there is no chemical threat. We are now learning that
90,000 of our troops and more were exposed to low-level exposure.
DOD says low-level exposure doesn’t equal chronic illness and
death. That is not proven. We can’t prove the opposite, but we can’t
prove that statement.

Therefore, we have to go under some assumptions that it may or
may not be a problem. And the issue that this committee is inter-
ested in is partly because the consumers would like smaller lot
sizes. They would like smaller pool sizes. They don’t want to wait
a long, long, long time to find out if we have a problem with a par-
ticular pool size. It is a fair request for them to make. And I am
really happy you are here, because we need to have this kind of
dialog.

But we haven’t even scratched the surface of what you presented
today, and we are going to try to find out where Mr. Snowbarger
and I happen to agree.

If the pool size doesn’t need to be larger, then why not make it
smaller? And I want to have someone prove to me—and you can,
because you are in the business—why the pool size has to be larg-
er

So, you know, we will come to some conclusion, and then we will
realize where we have disagreements.

Mr. SNOWBARGER. I understand that, Mr. Chairman; and I agree
with you that we ought to be attempting to find a good solution for
consumers. But in the initial panel that we heard from, we heard—
at my questioning, we heard that the ideal pool size is either one
or infinite, because we think we can dilute the CJD. Nobody knows
that either.

Mr. SHAYS. Would the gentleman yield? I think what we heard
is we don’t know.

Mr. SNOWBARGER. That is what I am trying to say. I don’t know
what infinite means, so we must not know. We know that if we can
get the unit size down or the lot size down to one, then you can
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know what with relative certainty. Obviously, that is not a prac-
tical solution either.

Mr. Reilly, just so that you have an opportunity, you had indi-
cated in questioning from the chairman that there is some confu-
sion about discussion on units. Would you like to pursue that and
finish your answer?

Mr. REILLY. As the chairman has pointed out, this committee fo-
cused on pool size some time back. I think the debate has gone on
for quite a while. Certainly it dates back to 1995.

Over the period of time, as the discussion has proceeded, the unit
of measure has changed. We initially started talking about dona-
tions in the starting pool of an active ingredient and then progres-
sively scaled that up. The discussion evolved to donors being the
more appropriate unit of measure to decide what risk might exist
or how to ameliorate the risk.

As we got into the question of donors, and as our people started
looking at whether there were opportunities to do something, what
became clear is that there was a wide range of practices; and when
you look at FDA’s testimony and discussions of how they would like
to see the problem resolved, you find different numbers being used
for different sets of circumstances.

For example, the 15,000 liter number is a number which doesn’t
take into account excipients. When you add excipients, which is a
dilution we add to the product to stabilize it, it changes the num-
bers.

Our members looked at and determined they have a variety of
practices that cause the numbers to move around.

As the discussion continues, it depends on where you walk into
the conversation as to what you hear. I can’t do anything, and I
don’t think our industry can do anything, about what happened in
the past with this. But what we have attempted to do today in pre-
paring our testimony and preparing our statement about where we
can change the number is to try and not have that confusion per-
sist past this point and talk in absolute donor exposure numbers.
By taking into account all of the different issues that go into this
and hope that if all of the other parties engaged in this debate look
at it that way, we will have a less confusing conversation.

Mr. SNOWBARGER. Thank you.

Again, this kind of goes to my basic education in this whole area.
When you are producing your products, you take this pool of dona-
tions, donated blood. Do you use that one pool for several different
products, I presume?

Dr. GOMPERTS. Yes.

Mr. SNOWBARGER. Then are there different optimal pools, de-
pending on the product that you are trying to produce? I saw heads
shaking on the last one—I have to say that for the record—one
shaking on this one.

Mr. REILLY. Let me start the answer, because I think the answer
is multiple. It is complex.

The fact of the matter is that the variables are from company to
company, product to product. So the answer that the Bayer rep-
resentative would give for his constraints and his way of building
his products would probably be different than the answer that the
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Centeon representative would give you. That is where some of the
confusion arises.

Dr. DAVEY. Just a point I would like to raise. I think in terms
of the voluntarily donated recovered plasma, the issue may be a bit
clearer, in that when we talk about the number of donations in a
pool, it is a fairly clear number, because we don’t have repeat dona-
tions essentially in the recovered plasma pool. Our donors donate
every 8 weeks and no more frequently.

So when I outlined our efforts to reduce our pools to fewer than
60,000 donations, I think we can focus on that number. We have
been successful with the Red Cross material in limiting our pools
that we use to manufacture IVIg and AHF to fewer than 60,000 do-
nations. We are not quite at 100 percent but we are well in the
range. More than 90 percent of our pools now meet that criteria,
and we intend to press on, especially with our albumin derivatives.

Mr. SNOWBARGER. And you feel fairly confident about that num-
ber. What tells you 60,000 is appropriate, as opposed to 30,000?

Mr. REILLY. The 60,000 number was arrived at through consulta-
tion with the experts in the companies with the first objective of
trying to do something immediately—or rapidly, if not immediately.
The criteria were related to where the opportunities today are that
will allow us to make a change and come down to a number less
than the highs that you heard, recognizing that there are barriers
below some number. These barriers are: the need to reconstruct
parts of the plant; the need to revalidate equipment; and, the need
to engage in a variety of activities that are the result of changing
the volumes, all of which require FDA approval. Any one of those
things causes delays.

So what the companies concluded is, let’s see where the oppor-
tunity is to set a precise number below which we assure you we
will be. Then each of the companies individually will continue to
examine that question, company by company, product by product,
and engage in direct conversations with FDA about what other op-
portunities may exist beyond the 60,000 cap that we have agreed
to.

Many of the companies, and I think it is reflected in their testi-
mony, believe that today, in many of the cases, they are already
there. So what we are really dealing with is the odd situation that
is over the 60,000. We are committing to bring those down. Maybe
some of the companies might want to comment on—with some of
the detail.

Dr. GOMPERTS. I think part of the problem, in trying to answer
your question and also Congressman Shays’ question, is I don’t be-
lieve there is any member of this panel who has sufficient experi-
ence and is qualified to talk about the reasons for these particular
constraints, and that is the manufacturing constraints. I certainly
am not.

But there are constraints as the volume and the particular com-
ponents and the fractions are moved through the fractionation sup-
ply. There is equipment constraints. There is constraints right at
the end, for example, in putting the product into the bottle and en-
suring it dries properly. There are constraints in the equipment
that purifies the specific products.
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But I certainly don’t have the expertise to provide the answers
in depth.

Mr. SNOWBARGER. Mr. Chairman, I know you have been involved
in conversation here, but I think that Dr. Gomperts made a very
good point. That is, if we are trying to get a full understanding of
pool size and its impact, particularly on supply ultimately, we don’t
have the engineers and the manufacturers before us to tell us what
those constraints are.

As was indicated—I don’t know if you want to restate the point
you are trying to make, but there are constraints in the manufac-
turing process that make smaller amounts maybe less efficient.
Maybe efficiency is what we are talking about.

Mr. SHAYS. You mean you all aren’t prepared to talk about that?

Mr. SNOWBARGER. There are some.

Mr. FOURNEL. In my written testimony—I had to read through
this so quickly, unfortunately—we tried to offer a very specific ex-
ample for our product, and I talk about specific

Mr. SHAYS. Hit the mic just a little.

Mr. FOURNEL. I talk about specific equipment constraints, so I
can certainly refer you to that.

While I agree with Dr. Gomperts that I am, at least, not pre-
pared to talk about every detail of processes, I think we can cer-
tainly provide testimony.

Mr. SHAYS. We are going to walk through that. I am going to be
around for a while.

I want to understand the whole issue of the equipment, the dryer
size, a little bit. I want to know if that is the nature of what you
have established today or whether that is just inherent in the proc-
ess to—generic need to have a certain size, or whether that is what
the industry has now. I mean, we don’t have many in the industry.
How many players do we have?

Excuse me, are you done?

Mr. SNOWBARGER. Well, Dr. Feldman had a comment on the last
question, and then I would be happy to yield back.

Mr. SHAYS. You don’t have to yield back. Yes, sir?

Mr. FELDMAN. I would like to try to address the question again,
and maybe an example would help clarify it.

I have a table that shows what happens with different vat sizes.
It is table 9-B, if you could put it up. I don’t want to overwhelm
you with details, but sometimes it helps if you can see an example.

Mr. SHAYS. That did kind of overwhelm me. If you could simplify
that, it would help.

Mr. FELDMAN. Most of the numbers we don’t need to talk about,
but we can talk about two things—the batch size in terms of vol-
ume, the top line, and it shows a range from 15,000 to 500. That
is in liters.

Mr. SHAYS. These are different size vats.

Mr. FELDMAN. Different size final batches, this is everything con-
tained in that. This is asking what can you do across the range.

The second line shows the number of donors contained in this
process and each calculation from that volume. So for 15,000 for
our process, going into the details of production and counting how
many there were, it is in a range between 53,000 and 81, or it
could be all the way down to 500 liters in this process. And looking
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at the number of donors, there could be, even at 500 liters, a major
reduction. There could still be 42,000 to 64,000 donors.

The reason is because as—even as we decrease the bath size, the
product that is there, that factor has stabilizer added. That is albu-
min. It brings its own donors in. And unless we address that sepa-
rately, even though we decrease the effect of principal, the fact is
the donors are still there.

While we do that, because we are decreasing the volume, the
quantity units we can make decreases. So what we can do to serve
011111' patients drops. So that is not a very effective way of addressing
that.

The question that we have asked is, without attempting to so
radically redesign our plants, can we still address improvement?

So if you look in one column at a time—let me take the 15,000
liter column—the question is the donors per batch range, even at
that fixed volume, can we address those independently of how big
the vats are? And the answer is, yes, we can.

We can—in our case, because I don’t know of the details of my
colleagues’ processes, we have asked what is in there that we can
address to make the numbers smaller? And we have found ways to
do that without having to go and ask for a whole new plant to be
built. That is part of the initiatives I spoke to.

But I believe we can address those questions so that, even if
there isn’t agreement on does it matter in a safety perspective if
we have a small batch or not, that we can still talk about improve-
ment for improvement’s sake; and I think we have all agreed that
we can do that.

Mr. SHAYS. When I use the words “manufacturing economies of
scale,” I can view it two ways: I can view it just in your ability to
produce enough product or I can view it in terms of cost.

Let’s just make the assumption I mean it in terms of your ability
to produce enough product. I want to go over the pluses and
minuses of a large pool, and I want to see if we have some agree-
ment on that.

One would be manufacturing economies of scale. I am just think-
ing of your ability to produce more in the same amount of time.
There is the theoretic risk of dilution. There is the concept of what
I gather was—dilution would be, in my judgment, you just spread
it out. Ultimately, this one bad donor spread throughout the entire
system, that donor no longer becomes a threat.

I look at naturalization as being kind of good cells battling to
overcome bad cells. You probably use another word than “cells”,
and it probably offends you, but you get my point.

Then the concept that we had enhanced genetic diversity. You
needed—what—enough different antibodies. That is what I have
down as plus.

Mr. FOURNEL. If I can make one comment, sir.

While I appreciate what you want to do, I wanted to add one
thing to the list Dr. Zoon provided on the plus side, and that is
product availability. I realize you just put that together with effi-
ciency. But I would suggest they are actually different. I think
most of my colleagues——

Mr. SHAYS. Instead of my saying manufacturing economies of
scales, you want me to think in terms of that, in terms of cost. I
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will do that. And then you want me to think of product availability
as a separate one. That is a fair way to do it. That is a good way.

Now on the other side you have one—and maybe there are ways
to get around this. One is the recalls are much more difficult, as
there is so much product to recall and different kinds of products.
So that would be one.

Then, there is the concept of what I call spread. One bad donor
can harm not just 1 person, but can harm 10 or 20. In other words,
it can spread out. Using this contaminated supply, one bad donor
results in many people being infected.

There is the concept of exposure. The opposite of naturalization
is enhancement. In other words, naturalization, where the good
cells overcome the bad, you could have the opposite, the bad cells
overcome the good. Would that be the concept of enhancement?

Mr. SNOWBARGER. I think the word Dr. Zoon used was neutral-
ization.

Mr. SHAYS. Excuse me, that is what it was—neutralization.
Thank you.

Mr. FOURNEL. If I can suggest—the issue of neutralization is be-
cause we know that individuals may have a preexisting antibody
to the very infectious agent that another donor might

Mr. SHAYS. She basically acknowledged it is more proven that
you have neutralization than enhancement. I accept that.

And then the big kind of scary thing is you would have an epi-
demic. In other words, you just simply don’t know of something
now and then you discover it, and you discover it in a large pool
rather than a small pool.

Now, what would I add on the negative side? Anything else?

Mr. FOURNEL. I just had one comment to her negatives.

Mr. SHAYS. All right, I am encouraging that.

Mr. FOURNEL. The issue of bigger recalls or withdrawals assumes
something—it is a little technical, but the repeat rate of the donors
contributing to the product pools is an important factor. That is,
the more times that an individual donor contributes to a pool, then
the reduction in pool size really starts to be mitigated by the fact
that that donor is represented in——

Mr. SHAYS. Are you tying to tell me one bad donor in five pools
is no different than the five pools being in one lot?

Mr. FOURNEL. Than having that same donor—all units from that
donor going into one large pool.

Mr. SHAYS. OK, that is fair.

Tell me, when you have said that you could easily reduce from
100 to 65, explain to me, that you could reduce the lot size a bit—
I want to do it this way. You could reduce the donor exposure to
a user from 100 to, say, 65. Why is that the case? What makes
that—am I correct? Has that been said?

Mr. REILLY. That is correct.

Mr. SHAYS. And does the industry agree? You are the representa-
tive of the industry.

Mr. REILLY. What the industry has said is when they examined
their current practices they saw an opportunity to move rapidly to
move to a limit of 60. In the course of the discussion, what they
also acknowledged is that, for each company, the method that they




407

would use to accomplish that would vary, depending upon their
unique situation.

Dr. Feldman, in his presentation, catalogued for you a number
of things that his company believed that they would engage in to
accomplish that goal.

In Dr. Davey’s testimony, he talked about being able to be at
that same goal as well. In the Red Cross’s case, they would use a
different menu of options in order to get there.

Mr. SHAYS. Anybody else want to respond? Is it your testimony
that, basically, you can reduce the donor exposure to a user—let
me back up a second, just because I made assumptions that I
shouldn’t assume. Let’s take each of you.

What is your basic donor to user size? Let’s just start with you,
Ms. Preston.

Ms. PRESTON. I need a little help with “donor to user size.” 1
think we have provided it to the FDA, and I think even in our writ-
ten testimony

Mr. SHAYS. Is this proprietary information?

Ms. PRESTON. To some extent, yes, I think all of us have——

Mr. SHAYS. Then I am going to take an average.

Ms. PRESTON. An average? Excuse me?

Mr. SHAYS. Would average help us out here?

Ms. PRESTON. Maybe by product would be better. I think for
some of our products we are at 30,000, 40,000. Some of our prod-
ucts are higher than that, at somewhere in 80—or 60 or 70 or 80,
and we have to look at our practices.

There is a menu. I agree with what has been said. There are
ways we can look at reducing the donor exposure in a given lot.

Mr. SHAYS. Dr. Feldman.

Mr. FELDMAN. I am not clear exactly what you are asking me in
terms of donor to user.

Mr. SHAYS. I guess what I am trying to do is get around the dif-
ference between pool and lot size. When we had this hearing 2
years ago—and my understanding of the FDA, in private conversa-
tions as well as their public statement, was that they, too, were
surprised by the number of the lot size when we go in the 400,000
range. That blew their mind, and it blows our mind.

It just tells me that wasn’t something the industry was eager to
share with us 2 years ago, or I guess you could say, well, we just
gidn’t know what question to ask. But, we are trying to get a han-

e on it.

Ms. PRESTON. If I could, please, I used to work at the FDA from
1980 to 1988.

Mr. SHAYS. So it is your fault.

Ms. PRESTON. It is all my fault. No. So I wasn’t surprised at
100,000. I wasn’t surprised at less.

Mr. SHAYS. They weren’t surprised at 100,000. They were sur-
prised when it got over 100,000.

Ms. PRESTON. I think part of it is people being familiar with how
we do our batches, and people who have been out to our facilities
do see our batch records and see how many donors it does take for
a given set of products. So I think, depending on who at the FDA
was looking at things, some may have seen where we were and oth-
ers may not have.
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Mr. SHAYS. They didn’t know the answer to our question when
they asked the question. They had to go out and find out. That tells
us they were surprised.

Yes, sir?

Mr. FOURNEL. Can I just address this specific question?

Mr. SHAYS. I am going to come back to you.

Mr. FOURNEL. I don’t know the statistics that you have from the
other companies, but I do know what we provided to the FDA, and
I believe we were responsible for at least one of the 400,000 num-
ber you are speaking of, if there is more than one.

At the risk of confusing the issue more, I want you to recall that
there are two sources of plasma they were talking about. One is
source plasma and one is recovered. And recovered plasma is gen-
erally much smaller volume, as has been explained earlier.

In our case, the product in question that had the 400,000 donor
exposure was all derived from recovered plasma, so it represented
a factor, as we have been talking about, the fact that we had so
much less plasma per donation, that, in fact, it represented 400,000
donors.

To explain again, in other words——

Mr. SHAYS. I am fine with that, and you just triggered another
question.

Dr. Feldman.

Mr. FELDMAN. I guess what I want to say is I don’t want to add
additional confusion, but even within one manufacturer and within
one product there is variation in how many donors there are.

Mr. SHAYS. Give me your high and give me your low.

Mr. FELDMAN. So what I want to say is the initiative that the
IPPIA spoke of is to adopt a ceiling to limit what the high is and
to reduce the variation.

Mr. SHAYS. Dr. Feldman, I agree with Vince in that, if we don’t
have to limit the top end, why should we? You all are saying you
can go from 100 to 65. You seem to be comfortable to describe that
and that you can do it.

In each case, I want to know your highest level, and I want to
know your lowest level. That is what we are going to do. That is
not a hard question. Is it a hard question?

Mr. FELDMAN. Yes.

Mr. SHAYS. Why?

Mr. FELDMAN. Because we have to know what terms you want
us to include in there. Is it with or without the albumin stabilizer?
Is it the high end of our range for that?

We have been asked different questions. Sometimes it includes
that, sometimes it hasn’t.

Mr. SHAYS. OK. Give me two choices. What else?

Mr. FELDMAN. Let’s include it, and let’s include the most number
of donors that there could be in a batch.

Mr. SHAYS. What I am trying to avoid is I am trying to avoid you
all having to come back again. Maybe that is impossible. But, as
it stands now, you are raising a lot more questions; and we will
just be back and just try to iron it out. If you can try to help me
]([))utkhere, this won’t have to be where you have to keep coming

ack.

Mr. FELDMAN. I really want to answer your question.
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Mr. SHAYS. OK.

Mr. FELDMAN. For our different products, for our Factor VIII, for
our Factor IX, for our albumin, for our IVIg, we have a different
total number of donors.

For our Factor VIII, we have numbers in excess of 60,000, but
believe we can come down significantly below that.

Mr. SHAYS. Dr. Feldman, “in excess” is 68 or is it 200,000?

Mr. FELDMAN. Up to 94,000, 94-95, including the albumin sta-
bilizer and not taking credit for repeat donors.

Mr. SHAYS. I understand about the repeat donors. Believe me, I
understand that.

Mr. FELDMAN. If I take credit for repeat donors and can dem-
onstrate that, then that 95,000 number comes down to 63.

Mr. SHAYS. What does albumin take it down to?

Mr. FELDMAN. Without taking into account the albumin, it is
21,000 donors. It is very different. So that is why I need to clarify
the term.

For our Factor IX, and I think most of our Factor IX’s, it is much
lower. The worst case, taking into account stabilizers for us and a
non-repeat donor rate, is around 28,000.

Ignoring the non-donor repeat rate, if we can verify that there
are repeat donors in there, the 28,000 in our case becomes 18,000.
We are not talking about 400,000 at all. For our albumin, we are
talking about a range of 20 to 30,000 for us.

For our IVIg, our numbers are higher. Without a repeat rate and
with albumin accounting for the donors for the albumin, it can be
150,000. If I can verify the repeat rate, that number drops to
100,000, roughly; and if I don’t take into account the albumin, it
is 63. So that is the range of donors.

Mr. SHAYS. OK. The highest number you gave was 150; and you
said if you could take in repeat, it would be 100?

Mr. FELDMAN. Right.

Mr. SHAYS. Ms. Preston.

Thank you, Dr. Feldman.

Ms. PRESTON. For Factor VIII—and again this is using sort of
the same analogy—right now it is around 22,000 to 28,000 donors
in the lot. When we add albumin, that puts it up significantly with
another 46,000 to 52,000 donors there. And we can do a similar
type of calculation with repeat donors also, but I think that needs
to be verified and validated.

With some of our other products, such as albumin, we are some-
where higher than that. Albumin ranges from around 6,000 to
102,000, depending on whether it is 5 percent or 25 percent. IVIg,
75,000 to 125,000. But, again, we can get to the 60,000 ceiling for
those.

Mr. SHAYS. OK. Dr. Gomperts.

Dr. GOMPERTS. Mr. Chairman, I don’t have the specific data for
my organization with me. The numbers are approximately the
same as to my colleagues on the left.

Mr. SHAYS. OK. When you get back, if they are higher, we would
request that you would contact the committee.

Dr. GoMPERTS. I will do that.
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Mr. SHAYS. We are making a sense that under oath you are tell-
ing us they are the same; and if you find they are higher, then we
would like you to notify us.

Dr. GOMPERTS. Sure.

Mr. SHAYS. Mr. Fournel.

Mr. FOURNEL. You want it by each product?

Mr. SHAYS. You can just do similar.

Mr. FOURNEL. I think, in most cases, it is similar. We, in fact,
do believe we can document our repeat rate, so we would cite a
lower number. But, without that repeat rate, the numbers are not
too different from what you have heard.

Mr. SHAYS. Is the number higher than 150 in any product?

Mr. FOURNEL. No.

Mr. SHAYS. OK. If you are pretty convinced that these numbers
don’t represent a threat to anyone, why would you want to bring
down the donor size? I am just going to ask you the reverse of what
I have been asking you. Why would we do that? Why should you
do that? I don’t want you to do anything you shouldn’t do.

Ms. PRESTON. Can I answer?

Mr. SHAYS. Yes.

Ms. PRESTON. I think when we look at our practices it is a good
way of being more consistent. So, in that sense, for us it is a way
of adding consistency, which is part of good manufacturing prac-
tices. So that is one way of looking at it.

It doesn’t mean that there won’t be some minimal effect on sup-
ply as some of the partial lots that we might have used would not
be utilized under the proposed scenario of 60,000.

Mr. SHAYS. OK. Dr. Feldman? I mean, why bother? Why not just
continue the way you are doing it?

Mr. FELDMAN. First of all, most of the batches we make aren’t
in this large size range. Most of our batches are lower than this.
And we provided numbers

Mr. SHAYS. Dr. Feldman, is your testimony that, like the others,
you are going to reduce your donor size, your pool size?

Mr. FELDMAN. Unless instructed not to, we are planning to.

Mr. SHAYS. You are planning to. Why?

Mr. FELDMAN. We are planning to decrease the variation in the
batch size range. We don’t need to operate at this range and still
put product out. There is no benefit to us in operating at a high
end range like that. If we can operate in a narrower range without
providing these numbers of donors, there is no reason for us to con-
tinue that.

Mr. SHAYS. So your testimony is you can reduce your donor size,
your pool size, without changing significantly your supply side; and
so your testimony is there is no reason to have a higher donor size
if you don’t need to? Is that what you are saying to us?

Mr. FELDMAN. I gave you three sets of ranges of numbers. On the
high end, we believe that we can address those and bring them
down to the lower range of variation. If we have agreement with
FDA that we are not impacting any of our validation data or qual-
ity assurance, we are prepared to go ahead and do it.

Mr. SHAYS. I know you are prepared to do it. I want to know why
you would do it.
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Mr. FELDMAN. To decrease the variation. As my colleague said,
because part of GMP says that process is under control. We would
also like to have less variation batch to batch, just to have more
control on it.

Mr. SHAYS. Dr. Gomperts.

Dr. GOMPERTS. As I see it today, the issue of batch size, pool size,
does not impact the safety of our products. There is growing pres-
sure from this committee and also the FDA. We have heard certain
numbers, there is debate going on. It is important that we look at
our processes to determine what the impact of reducing batch size
will be, and the proposal that is put forward has indicated to us
that the impact on supply will not be substantial.

Mr. SHAYS. Dr. Fournel.

Mr. FOURNEL. I would more or less concur with my colleagues.

The only point I would want to make is that I think it is intu-
itively apparent that having 400,000 donors to a single lot of prod-
uct is probably not a good idea. In fact, in a very unfortunate se-
quence of timing, that very lot is implicated or that very material
is implicated in a withdrawal that we are having today associated
with CJD in potential six lots of our Prolastin product.

So it is clear, with the CJD case in particular, having lots of that
size or donor exposure of that size is probably contributing to the
withdrawals that we have certainly experienced. In fact, all of our
withdrawals

Mr. SHAYS. So when you get up to 400,000, you are basically re-
lating it to the whole issue of recall.

Mr. FOURNEL. I was trying to relate it to the issue of safety inso-
far as the donor exposure at that level would seem to—clearly, it
is associated with the higher incidence of recall, because that has
been our experience. So I think there is some rationale for reducing
from those kinds of numbers.

I think the problem is, when we get below the 100,000 range or
the 60,000 range, it becomes a much more difficult argument to
have; and there are many, many factors that impact that argu-
ment. I think, as everyone said here today, the real reason we can
all sign on to the 60,000 limit is we think it will improve our man-
ufacturing processes more than necessarily impact the safety of the
products.

Mr. SHAYS. One of the whole issues was availability of product,
and the other issue is economy of scales. In the short range, there
are economies of scale. Excuse me, are there economies of scale the
larger the batch or the larger the donor pool? I am sorry.

Mr. FOURNEL. To some extent. Maybe if I can use the Prolastin
example that I have in my testimony——

Mr. SHAYS. Can you talk louder?

Mr. FOURNEL. If I can use the Prolastin example I have in my
written testimony, perhaps that would help. What ultimately con-
strains or sets the size of our batches is the size of our freeze dryer.
We want to fill our freeze dryers completely. They are operated 7
days a week, 24 hours a day, in order to provide this product. So
the size of that freeze dryer is what sets the basic size of our
batches or our lots.

That being said, it turns out, for the reasons again that I have
discussed in my written testimony and will not go through, that a
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donor exposure of 60,000 using source plasma is what we need in
order to get batches that would fill that freeze dryer and enable us
to make the most product available with the equipment that we
have.

Mr. SHAYS. OK. Explain to me why you take different pools and
combine them? There has got to be a reason why you do that.

Mr. FOURNEL. Because the freeze dryer holds a certain number
of vials. Let’s say 5,000. I don’t know the exact number.

Mr. SHAYS. So it is basically determined by the freeze dryer?

Mr. FOURNEL. That is right. At this level, at this particular ex-
ample, that is the case.

Mr. SHAYS. In your judgment, are there medical reasons to have
larger pool size, in excess of 60,0007 Are there health reasons that
you would want a pool size larger than 60, a donor-to-user size of
larger than 60?

Mr. FOURNEL. Apart from the arguments that Dr. Cunningham-
Rundles mentioned earlier, no, I can’t see a medical reason.

Mr. SHAYS. Refresh me what her reason was again?

Mr. FOURNEL. Diversity in the spectrum of antibodies that are
provided——

Mr. SHAYS. Antibodies. Is that the key issue of why you would
want a larger lot size? I am talking about what we can agree on
and what is proven. We were given these lists of what is being
studied and looked at, but haven’t been determined to be scientif-
ically true, correct? I just want to know, are there scientific reasons
and health reasons why you would want a smaller pool size, other
than recall issues?

Mr. FOURNEL. Why you would want a smaller or larger?

Mr. SHAYS. Smaller. I am going to ask each of you.

Mr. FOURNEL. I thought you were asking me larger.

Mr. SHAYS. I asked larger first, and then I am going to go to
smaller. You already have answered. You said none other than the
issue of the antibodies. OK, yes, sir?

Dr. GOMPERTS. You mentioned the level of 60,000. Is that what
you are focusing on?

Mr. SHAYS. Are there health reasons to have a larger donor to
user pool size?

Mr. FELDMAN. I don’t believe so.

Mr. SHAYS. Dr. Feldman? That is proven. I am not saying we
may suspect or believe.

Mr. FELDMAN. Mr. Chairman, I know there are differences of
opinion on this

Mr. SHAYS. Fair enough.

Mr. FELDMAN [continuing]. And I have seen and I have heard
cited, in fact, at the December 1996 Blood Product Advisory Com-
mittee from a Mr. Tankersly, also an expert in this area, that he
believes there is an importance to pool size as a safety issue. I don’t
know that I can fully represent his opinion.

I think—in regard to our pools and 60,000, I think that we can
operate within that range and that there aren’t safety issues in op-
erating below that. There are not.

Mr. SHAYS. The one thing I don’t want to have happen is 10
years from now I look back on a hearing I had 10 years ago and
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find out that we limited the pool size and then determine that that
was a mistake, that you want a large pool size for whatever reason.

So I am putting you on record, and I am putting you on record
to understand this, and then this is an issue we are going to pro-
ceed with. It is my sense that we simply don’t know. We don’t
know if a larger pool size is better or not. We don’t know if a small-
er pool size is better or not, only based on intuition. We do know
that availability of product would be affected, and that is fair. But
I just want to know if you disagree.

Dr. DAVEY. Mr. Shays, if I could speak on that——

Mr. SHAYS. I am sorry, I didn’t focus that way.

Dr. DAVEY. I think you summarized the issue very well, and I
think the exercise we went through earlier in the day about listing
pros and cons of a larger pool size was very instructive, and I think
the answer is indeed that we don’t know what an optimal pool size
may be in a given situation.

But I think, at least in terms of the Red Cross position, we have
taken the position that, given what we know, it is prudent to limit
pool size where we can, to have a practical upper limit for different
products that are manufactured from Red Cross-recovered plasma.
Therefore, we have instructed our contract fractionator to have a
60,000 limit for IVIg and for our AHF and to use albumin stabilizer
from that lot for that material. We feel that is prudent.

And where we can limit our pool sizes for albumin, we are going
to move on that also.

But you are right. Pool size variation in the context of other
issues and other measures that we can take to improve the safety
of plasma derivatives and whole blood is just one of many issues
and perhaps not the most important.

Mr. SHAYS. I think the only other issue, and then we can move
forward—I am going to summarize, and it is basically repeating
some of what you are saying.

What I am hearing the industry tell us, this committee, is that
you are going to, in some cases, reduce the pool size. And in some
cases where you have been using a figure of 100,000 down to
65,000, it is the testimony before this committee that there is no
scientific knowledge that says a larger pool size is better or a
smaller pool size is better in terms of the quality of the product,
but that in some cases your pool size had been larger and you are
going to bring them down a bit.

It is the testimony of this chairman that we are not putting—we
do not both publicly or privately seek to have an artificial number,
because we don’t know what that number is.

It is the testimony of this chairman as well, though, that we
were led to believe the pool size was much smaller. Given how we
found out and the surprise notwithstanding, Ms. Preston, your
comment of the FDA as not being able to get a handle on that fig-
ure, on that number soon enough, we felt that there was just sim-
ply not a candid dialog between the industry and Congress in
terms of what that number was. We were surprised by it, and it
raises a real concern.

There is always going to be a concern on the part of Congress
that economies of scale, not availability of product, can sometimes
dictate what the private sector will do. And that is one of the im-



414

portant rolls that Congress plays, is to say, is there an economy of
scale coming in here to the detriment of public health? And we are
going to ask questions to determine that, and this is one area that
we will pursue a bit because we don’t pretend to have this knowl-
edge now.

The area, though, that I feel very important to end up with is
what do we do for the consumers in terms of recall, particularly a
recall of 400,000. I understand your testimony is that is unusual,
correct?

Mr. FOURNEL. No, sir. The situation for us with Prolastin and
the reason I used it as an example in my testimony is that we are
the only supplier currently in the United States of this product;
and this patient population has a very desperate need for this prod-
uct, not just on a one-time basis but on a regular repeat basis. We
have been doing everything we can to provide as much product as
we can to this patient population, and that includes the purchase
of intermediate fractions from other manufacturers that we can use
in our process.

Mr. SHAYS. So that increases the donor size?

Mr. FOURNEL. That is what happened. Because we, as a commer-
cial operation, only use source plasma for our pooling efforts. But
in order to again augment the supply of Prolastin we purchased so-
called 41 intermediate that was made from recovered plasma to use
in the manufacture of the Prolastin product. When we combined
those intermediates, all these recovered plasma intermediates, that
is how we get up to the very high numbers because the numbers
we have for Prolastin using source plasma are in the 60,000 to
100,000 range in general.

So the point I was getting at is that, because of the use of recov-
ered plasma, we do have cases where we have these very high
donor numbers. However, because all of our experience with CJD
withdrawals with respect to Prolastin have been because of the use
of recovered plasma intermediates, effective June of this year we
discontinued procurement of these intermediates. So we no longer
use them.

Mr. SHAYS. Just as a segue into this point before I talk about re-
call, there has got to be a tremendous economic incentive not to
make your pool size too large, because when you do have recalls,
I would think it would be quite expensive.

Mr. FOURNEL. Well, again, sir, understanding that a 400,000
donor recovered plasma number, you can equate to 100,000 donor
source plasma.

Mr. SHAYS. OK.

Mr. FOURNEL. In other words, they—because the donor, the vol-
ume of the donation is so much smaller, recovered plasma—so it
doesn’t mean the lot is four times bigger.

Mr. SHAYS. Fair enough.

Mr. FOURNEL. So the same size lot—is the same size final prod-
uct content.

Mr. SHAYS. Is it true that, as alluded to by one of the consumers
who spoke to us, that you have had a significant number of recalls?
Have your recalls become greater than in the past? I would like to
know with each of your companies. Do you have more recalls today



415

than you had a few years ago? That may be just that we are just
being more vigilant.

Mr. FOURNEL. Again, I'm sorry. As I put in my written testi-
mony, seven of nine. Now, I have to say 8 of 10 recalls that we
have had in the last 2 years have been because of CJD. So, yes,
we have had more.

Mr. SHAYS. OK. CJD has been the reason why you have had
the——

Mr. FOURNEL. That’s the vast majority.

Mr. SHAYS. Not any of any of the other factors that in the past
might have been the problem.

Mr. FOURNEL. I'm saying that we might have had two recalls
that are associated with GMP issues, but that’s more or less the
nature of the business for us.

Mr. SHAYS. Dr. Gomperts.

Dr. GoMmPERTS. The majority of our recalls have been CJD re-
lated.

Mr. SHAYS. How many have you had in the last year?

Dr. GOMPERTS. In the last 6 months, there have been five.

Mr. SHAYS. In the last year?

Dr. GOMPERTS. I can’t tell you. Probably double.

Mr. SHAYS. OK. Dr. Feldman.

Mr. FELDMAN. Centeon has not had a recall for CJD. But we
have had recalls for GMP-associated issues. We’ve recalled albumin
last year. And we also had precautionary recalls for a Factor VIII
and Factor IX. They were small recalls.

Mr. SHAYS. So during a 12-month period, the last one you could
state to us, what would be the number of recalls?

Mr. FELDMAN. I'm not sure, maybe four or five.

Mr. SHAYS. OK. If it is larger than that, you will notify the com-
mittee.

Mr. FELDMAN. Yes.

Mr. SHAYS. Thank you.

[The information referred to follows:]
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Mr. SHAYS. Ms. Preston.

Ms. PRESTON. Alpha has not had any recalls for CJD as of yet.
That doesn’t mean that in the future we won’t. We’ve had one re-
call of our intravenous immunoglobulin because this particular lot
was associated with a higher rate of adverse events than we had
experienced, so we took a precautionary action and recalled that.
That—those are—I think that is the only recalls we had in 1997.
And in 1996, we had, I don’t know the exact number of recalls re-
lated to Hepatitis A.

Mr. SHAYS. So the total amount in the 12-month period?

Ms. PRESTON. I would say less than five.

Mr. SHAYS. OK.

Ms. PRESTON. But I will check on that and make sure.

Mr. SHAYS. If it is different than that or higher.

Ms. PRESTON. Yes, sir.

Dr. DAVEY. We, Mr. Chairman, and the Red Cross have definitely
noted an increase in the number of CJD recalls since August 1995.
And we think some of that reason is because, at that point, the
FDA recommended that we begin asking our donors questions
about family exposure to CJD. We're receiving a lot more informa-
tion from our donors. As a matter of fact, 85 percent of our recalls
are because of postdonation information we get from our donors.
And so this is impacted on the number of our recalls.

Mr. SHAYS. OK.

Is it fair to say that most of the recalls 5 years ago would have
not been because of CJD, it would have been for other reasons?
And my assumption is that some of the reasons you have had in
the past have been dealt with. Some of the—there have been im-
provements in your process that have resulted in your not having
a need to have as many recalls for some of these other reasons.

Dr. DAVEY. I would think that’s fair. I think recalls are always
instructive because they indicate an issue that needs to be ad-
dressed, whether it’s an issue in postdonation information that per-
haps we’re not eliciting properly or questions could be answered
better or perhaps it’s an issue in the way we handle producing or
manufacturing our components. So recalls are instructive. And I
think we've learned from them.

Mr. SHAYS. Let me just take the last question. If I were a user
of blood products on a continual basis, I would become pretty well
informed. And I would think, and maybe this is happening, that
every manufacturer would be able to have a number I could call.
I could literally call that number, hit whatever the batch number
is. I don’t—I've never seen how you would identify it, but is it a
batch—what is it? It is a lot number. And I would be able to hit
that lot number. And so, for instance, Mr. Feldman, when I called
your company up, I could hit that lot number and it would tell me
the status, that there is no problem with this lot number or that
there is because of so and so. Does that happen?

Mr. FELDMAN. I'm not aware that we have something like that.
But a system like that could be considered, yes.

Mr. SHAYS. Well, it is my understanding that you do not have to
tell the end user of the product directly. It would be rather imprac-
tical to track down the end user, correct? You could contact where
you sell it, but not the end user. And so then the question I would
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have is, what are you all doing to make it easier for the buyer do
that? I mean, on either the Internet or on the telephone? Do any
of you do it? Yes, Mr. Reilly.

Mr. REILLY. Well, the association is in the process of initiating
a project that is aimed in that direction. It’s not quite as com-
prehensive or user-friendly as the proposal that you just made,
clearly, but it has two elements to it. First, it is to create an asso-
ciation Web page to provide easier access to the withdrawal infor-
mation that is available. And, second, to engage in a dialog and
create a network with the major patient groups that have orga-
nized programs so that we can have a way to more rapidly dissemi-
nate information. It’s not quite as elaborate as what you just pro-
posed, but it’s a step in that direction.

Mr. SHAYS. Well, why would that be elaborate? That to me
wouldn’t seem like a difficult thing at all. You just have a num-
ber—maybe I have a false impression. There aren’t that many
manufacturers; are there? Are we talking about hundreds or are we
talking about a handful? This is it; isn’t it? So it would seem to
me—and so wouldn’t every blood product that I have identify one
of your companies?

Dr. GOMPERTS. True.

Mr. SHAYS. Would it identify the Red Cross? Would it identify it?
It would. So I could—yes, sir.

Dr. GOMPERTS. I’'m not quite sure what you’re saying, but I think
what, and correct me if 'm wrong, what you're asking is if a con-
sumer of one of our products had used a particular lot

Mr. SHAYS. Not had used or is planning to use. I look at it, and
I want to check before I

Dr. GOMPERTS. There is a question around that particular prod-
uct and that particular lot. And if that individual has such a ques-
tion, certainly there is customer service

Mr. SHAYS. OK. Dr. Gomperts, I would like you to think about
this. If I were a hemophiliac patient, and I had this blood product
that I was using, and it had a particular identification number on
it, I would want to just be able to call up your company. I would
want to see the phone number on the bottle maybe. And I would
call that company up, I hit these numbers, and I would get a read-
out. It said this product is good to use; there has been no recall of
this product. And it just strikes me that, since you are not required
to go and ultimately contact the end user, at least make it easier
for the end user to contact you.

Dr. GOMPERTS. I believe we have such a system in place.

Mr. SHAYS. Well, if you end up calling someone who refers to you
someone else, that wouldn’t be very friendly, but if you do, that is
good.

Dr. GOMPERTS. They come to my desk.

Mr. SHAYS. Let me say I believe you do or know you do is a dif-
ference. Describe to me how the system works, then.

Dr. GOMPERTS. I can give you—this occurs on a daily basis.

Mr. SHAYS. OK. Let me just say to you I don’t want to be—I don’t
want to take a cheap shot.

Dr. GOMPERTS. Yes.

Mr. SHAYS. But if I were a hemophiliac patient, I would like to
think that your company or any of the other companies would have
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a system that you were so well aware of that you could just tell
me chapter and verse how it worked. And maybe—yes, Mr. Reilly.

Mr. REILLY. Let me just make two observations and then a
pledge.

First of all, what you have proposed has to do with providing an
opportunity for recipients of our products across the full spectrum
of all products available. What we’ve been discussing is an effort
by the industry to try and enhance the communication where there
is a product with a question specifically. I think those are really
two different things. But what I do pledge to you on behalf of the
industry, is that we will examine the question you raised and de-
termine whether we can do something positive that is more respon-
sive.

Mr. SHAYS. I think that that would be helpful. Because, what we
may have ended up in this hearing is no real answer about donor
size. So I am saying to you I am not sure how this committee is
going to go in that area. But if, at the very least, we can’t say a
large donor size or smaller donor size is preferable, I would say we
would say smaller is preferable where practical as long as we don’t
negatively impact the availability of the product.

It seems to me that one of the outcomes of this hearing may be
that, at the very least, to the consumers who use your product,
they should feel very comfortable in using your product. And while
they are using this product, there isn’t a letter on the way telling
them not to use the product.

And given the number of recalls that you have said, they are
not—it is not one every 3 years, it is something that happens. It
would seem to me a very logical way to proceed.

So maybe one of the outcomes of this hearing will be that you
will focus a little more attention on that. And I will say to you that
this committee, and before we draft our report, will want to know
what you are doing. And if you are doing something that we think
is meeting the consumer, we are going to make sure that we pub-
licize it and congratulate you for it.

Is there any final comment?

Mr. Davey, I kind of left you out and yet you are probably—Dr.
Davey. I want to make you a mister, and I want to make Mr. Reilly
a doctor.

Dr. DAVEY. I would just like to comment, Mr. Shays, I think your
idea is excellent. And it actually was proposed by one of my col-
leagues, Dr. Peter Page, at the Blood Product Advisory Committee
hearing a year, year and a half ago. And I think it’s time we look
at this again. I think it’s an excellent idea. I want to compliment
you. We thought about that before.

Mr. SHAYS. Let me end by apologizing to you, Mr. Reilly, and
you, Dr. Feldman, because I think it was very unrealistic of me to
think that I could have a few questions and then leave. So I apolo-
gize for my impatience and your trying to respond to my questions.
I appreciate your being here and thank you.

I call this meeting to a close.

[Whereupon, at 2:27 p.m., the subcommittee was adjourned.]

[Additional information submitted for the hearing record follows:]
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IMMUNE DEFICIENCY FOUNDATION

The National Orgenization Devoted To Research And Education For The Primary Immune Deficiency Diseases.

Kathy Miles Crews is a member of the pational Board of Trustees for the
Immune Deficiency Foundation. She is also the President of the Texas
Chapter of the Immune Deficiency Foundation. She has been an active
spokesperson for many years to benefit patients and families affected by
primary immunodeficiencies. Mrs. Crews son Clayton was born with X-
Linked Agammaglobulinemia. Her brothers Stephen and David are also
affected with the same primary immunodeficiency. Their medical therapy
includes bimonthly infusions of intravenous immungloubulin replacement
therapy.

" Mrs. Crews has been outspoken on the issue of Inactivated Polio Vaccine
vs. The Oral Polic Vaccine. The CDC’s recommended change in the
polio vaccine schedule was quickly incorporated into the professional
education programs she directs through her local chapter. The goal of the
information provided by the Texas chapter is to assist pediatricians with
making early diagnosis of primary immunodeficiency diseases.

Mrs. Crews professional background is in mortgage finance. Her husband
Larry is President of an oil field company.

Mrs. Crews currently resides in the Houston area.
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Thank you for the opportunity to submit written testimony to this Committee on behalf of
the Immune Deficiency Foundation, my son Clayton, and my brothers who are immune
deficient. My name is Kathy Miles Crews, I am a member of the Immune Deficiency
Foundation Board of Trustees and the President of the Texas Chapter of the Irmune
Deficiency Foundation.

Mine is a typical American family, at least until one day in 1963, when our family was asked
to line up with our entire community for 2 modern miracle cure for polio. We all took just a
sugar cube with 2 medicine that was designed to eradicate the deadly disease. That day
changed cur family dramatically, Within two weeks, David my younger brother was
paralyzed from the waist down. To the astonishment of the medical community, David had
developed polio from the vaccine designed to prevent the disease. The result of David’s
vaccine associated paralytic polio was the diagnosis that he and my two other brothers
suffered from X-linked Agammaglobulinemia a primary immunodeficiency (PID), affecting
males.

The diagnosis was made in time to spare my younger brother, Stephen from receiving the
vaccine. My older brother Dennis died as the result of complications of his primary
immunodeficiency. At the time of his death, my brother Dennis, suffered from 2 brain tumor
that robbed him of his sight.

As a female, 1 was spared this particular disorder, although many women are affected by the
over 50 primary immune deficiency diseases. However, my brothers continued to suffer
recurring infections that often required hospitalizations. The only treatment available to
them at the time was the painful intramuscular injections of gammaglobulin, By 1980 our
family was delighted to learn thar gammaglobulin had become available intravenously,
resulting in a higher, and less painful dosage. With the administration of IGIV my brothers
received more antibodies, protecting them from a wider spectrum of disease and improving
the quality of their lives. We were thus spared the frequent trips o the hospital, and became a
relatively normal family once again.

Watching my brothers suffer with chronic illness, I never considered the possibility of having
my own children. The docrors suspected that the PID in our family was genetically linked.
However, with the advent of IGIV I found nryself rethinking the possibility of starting a
family of my own. Tt was not established that T was 2 carrier of this generic disorder.

1 married and with great anticipation my first son Cody was born healthy, four years later my
son Clayton was born.

Farly blood tests given to Clayton indicated that he had also been spared primary
immunodeficiency. When he fell seriously ill at six months of age further testing revealed that
he was indeed immune deficient. At eight months of age my baby began IGIV therapy. IGIV
has allowed Clayron to grow into a normal healthy teenager. My brother Stephen has gone
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on to become an allergist and immunologist. In his practice he treats other patients with
primary immunodeficiencies.

IGIV has been instrumental in helping our family live a normal life, free from the fear of
constant, recurring, and life threatening illness. However, in 1994 we learned that the
medication used to keep us healthy had developed serious problems. Hepatitis C had been
transmitted through the use of IGIV. We were not able to adequately obtain lot numbers
associated with the Hepatitis C recalls. To this day my family is not sure of the lots affected
with Hepatitis C virus and which of these lots we may have received. Our only recourse has
been expensive and ongoing diagnostic testing. My son and siblings have had tests on thejr
liver functions and ultimately PCR testing. So far they have tested negative, however this
may not always be the case, and their health continues to be monitored. Our family situation
is more fortunate then some others who are not able to afford this type of health surveillance.

At this juncture, our family along with thousands of others became proactive in issues related
to blood safety. Concerns over recalls, withdrawals and notification became a paramount
concern. We began to routinely record the lot numbers of the infusions we received. I would
also like to mention the voluntary withdrawal of praducts containing donors who are at
increased risk for CJD. The guidance offered by the FDA and the decision by industry to
withdraw these products from the market place, strikes terror in the hearts of patients.
Although, it has not been proven that CJD is a blood born pathogen, once the decision is
made to remove CJD tainted product, the consumer/patient and their physicians need ro be
notified immediately to avoid being infused with these lots. We also became alarmed over the
“off label” usage of IGIV, as we feared shortages associated with products being withdrawn.

Our story, and countless athers, serve to illustrate the effectiveness of IGIV therapy. Qur
bimonthly infusions, keep us healthy and remain necessary for the entirety of our lives. The
safety of the blood supply affects my family several times a month as my loved ones sit with
an IV in their arms and are infused with the biood of many donors. Any changes made in the
collection, manufacture, and distribution of these products directly impacts my family.

As a parent and sibling, I would urge this Committee to consider the perspective of immune
deficient patients carefully before entertaining recommendations that will affect the monthly
medical therapy of some 20,000 to 30,000 patients.. Arbitrary changes in such a successful
therapy would be tantamount to repeating the Tuskogee experiment. It is essential that a
representative from the immune deficient patient population sit on the current blood safety
advisory committees, so that the considerations of the growing number of patients who are
consumers of IGIV can be voiced and heard

Thank you for the opportunity to express my concerns.
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IMMUNE DEFICIENCY FOUNDATION

The National Organization Devoted To Research And Education For The Primary lmmune Deficiency Diseases.

NATIONAL INSTITUE OF HEALTH
REGISTRY OF U.S. RESIDENTS AFFECTED
BY
CHRONIC GRANULOMATOUS DISEASE
CONTRACT # NO1-A1-25153
$415,551
Awarded 9/28/92
to the Immune Deficiency Foundation
25 West Chesapeake Avenue, Ste. 206
Towson, MD 21204

First National Registry of Primary Immunodeficiency Diseases.
Over 350 patients registered, double the expected number.

Provides an important resource to physicians and investigators who
deal with these patients because the disease is so rare that any given
physician in practice can not develop enough expertise or experience.
The Registry serves as a resource to give access to larger clinical
experience.

Has provided important clinical information on the disorder such as
frequency of complications, long term prognosis and clinical
presentation.
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COMMITTEE OF TEN THOUSAND
918 PENNSYLVANIA AVE. SE
WASHINGTON D.C. 20003
(202) 543-0988 FAX (202) 543-6720
ADYOCATES FOR PERSONS WITH HIV/AIDS

SUBCOMMITTEE ON HUMAN RESOURCES

TESTIMONY OF GOREY 8. DUBIN
PRESIDENT COMMITTEE OF TEN THOUSAND
MEMBER-FDA BLOOD PRODUCTS
ADVISORY COMMITTEE

CREUTZFELDT-JAKOB DISEASE
MODIFICATION OF FDA RECOMENDATIONS

» THURSDAY JULY 31, 1997

Chairman Shays & Distinguished Members,

The following letter was addressed to FDA staff from the Committee Of
Ten Thousand regarding proposed changes in FDA pelicy regarding CJD and
- plasma derivative products. The current proposed change in the CJD policy
Hlluminates a number of issues that we believe are indicative of what !
- continues to be wrong with the regulation of the blood/blood products
industry. We hope the issues articulated will help illuminate COTT's
concerns for the Subcommittee:

We have given lengthy consideration to the proposed
changes/ modifications of FDA's December 1996 recommendations
regarding plasme donors and single donor processed dura mater. We have
reviewed the different options put forward by FDA staff and have difficulty
with options 1-4 as well as with the overall pr tation of the i which
are being defined and delineated in a very narrow fashion. From our
perspective the discussion appears to be lacking in an analysis of the larger
context. The issues are being presented here as if the landscape today is
unchanged from that of July 3995. In fact some would argue that that body of
knowledge regarding the threat posed by CJD does remain constant with
what we knew at that time. Hobwever, we are seeing a growing and disturbing
- body of evidence that raises the real possibility CJD transmission through
blood/ blood products. While we still do not have a confirmed case of
transmission through blood/blood products, we are seeing more indicators
that necessitate both a much larger commitment of research dollars from
government and industry as well as a heightened degree of caution in
assessing the current regulatory landscape regarding CJD. Given the above,
we do not find this the most opportune or advisable moment for )
- modification of the current FDA policy and would therefore recommend the
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2.
adoption of option 5; no change in current FDA policy.

When the Special Advisory Panel On CJD made its recommendations
in July of 1996 the work of Dr. Brown at NIH had not been completed, the
WHO recommendations had not been promulgated and we were unaware of
the articles regarding transmission of CJD to any workers handling dura
mater. { Lancet Vol. 341 pgs. 1-3} While clearly remaining unproven the
blood/blood product transmission of CJD is more indicated today than it was
in July of 1996.

Critical issues such as plasma pool size are not addressed in this
discussion. This iIs an issue that clearly and directly impacts the discussion
of CJD and this particular policy change. The use of such large pools {20,
000 donors or more per pool} certainly impacts the issue of both risk and
the impact of potential product holds or quarantines. Given that the
incidence of CJD in the population is roughly 1 case per million,
significantly smaller pools would substantially reduce the impact of
subsequently discovering that a donor had been at risk or had developed
CJD. Since the amount of individual product units would be significantly
lower the hold would therefore have a much smaller impact on product
availability. It also would reduce the overall chances of a given pool
containing the plasma of a donor who subsequently develops CJD. The
question of pool size was not at all addressed in the discussion surrounding
this proposed policy modification. This is another example of what we
believe is the consistent addressing of critical safety issues in a very narrow
fashion that fails to incorporate the larger picture or landscape of a given
policy or issue.

The Committee Of Ten Thousand has, over the last five years,
constantly been raising with FDA staff the issues surrounding plasma pool
size. It is our contention that these very large pools are employed due to
their efficiency only in terms of manufacturing économies of scale. They
certainly do not represent the safest and most protective scale in terms of
the users of plasma derivative products. In fact, plasma pool size is another
instance where economic concerns, manufacturing economies of scale, have
been allowed to take precedence over the question of what is the most
desirable pool size in terms of maximizing the margin of safety for the users
of plasma derivative products.

The question again becomes, lacking definitive conclusions, what is an
acceptable risk for the users of blood/blood products and how much is the
margin of safety to be adjusted in the name of availability and supply. These
are the critical questions to be answered when considering the proposed
modification of FDA policy. Unfortunately, the issue of recall, withdrawal,
quarantine and hold becomes more difficult when the manufacturers are not
forthcoming with the necessary data regarding the impact of a given policy
like the one adopted by the CJD Advisory Panel. Consumers were subjected
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to sometimes dire predictions about the potentially critical shortages that
waould be the result of the new policy when it was adopted in 1996. We were
told that if this continues, “you guys will never have enough factor to meet
your needs” rather than a factual and substantiated analysis of what the
impact would be in a variety of situations involving the adopted policy. How
are we all to make intelligent and well balanced decisions about the question
of acceptable risks and availability if we have nothing more than alarmist
rhetoric to work with. This is part of the context that COTT believes is not
being addressed here.

This modification if adopted will allow, at a minimum, Baxter and the
American Red Cross to immediately release holds on a very large number of
units we are being told. It is also important to note that this is cccurring i
the context of Baxter having to initiate a number of product withdrawals
and recalls this year alone. These actions have seriously impacted a large
range of Baxter/Hyland's plasma derivative products such as Albumin, AHF,
Immune-globalins IV, Plasma Protein Fraction and others. This series of
recalis emanating from Baxter has impacted a wide range of the companys
plasma products and certainly must be having a significant impact on
product availability as well as the Baxter's economic picture. What role do
these issues play in the current request for policy modification and how do
we asses the request for policy change in this larger context?

In order to reach intelligent and well balanced decisions regarding
both safety and availability we must have the data necessary to inform those
decisions. As we have repeatedly stated this has not been, and is not, the
case and we again find ourselves confronting an important decision with
serious implications while not possessing the data fo give us a clear
understanding of the implications of each option and the overall landscape
regarding the potential impact of any one oplion. This is a situation that
must change if we are to make intelligent decision that maximize the
margin of safety for the users of blood/blood products.

Again, we at COTT are struck by the FDA's unwillingness to exercise
the power invested in it by the Congress. Any data relating to decisions about
safety and availability should be, and from our perspective can be, demanded
by FDA. Why arc we consistently working with limited knowledge of certain
facts and data sets that are imperative to understanding the implications of
any given policy option or change. This continues to maker no sense if our
goal is to reform the regulatory structure and meximize our margin of safety.

Another issue that seriously impacts the range of safety discussions is
the gquestion of strong regulatory authority versus this concept of “building
consensus” which we hear so often when having discussion at the FDA. It is
our contention that at a given point on the time line consensus building
became synonymous with self-regulation and a lack of real oversight by those
at the FDA iasked with regulating the blood/blood products industry. We
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certainly support the concept of close cooperation between industry,
government and consumers, however, without strong regulatory
independence and enforcement what we will be left with is a repeat
performance of the 1980's.

If we all share the goal of creating the safest hlood supply possible
then why do we continue to be plagued by the same problems and barriers
to a clear understanding of any given problem.

For COTT, the question continues to be, will the next emergent threat
devastate an entire community before we effectively respond or will we have
created the kind of cooperation and strong regulatory climate that will
result in the impact being relatively small and contained? At this time the
jury remains in deliberation as to the answer to this critical question. We as
the recipients of the last regulatory failure are certainly committed to
changes necessary to prevent a repeat performance of the 1980's.

COTT's leadership continues to call for the creation of a new climate
of cooperation between industry, government and the user community. It 1s
our contention that this is the only effective approach to maximizing the
protection of the health and safety for the millions of yearly users ‘of
blcod/blood products.

Yours In The Public Interest,

Committee Of Ten Thousand-Science & Medicine Working Group

Corey S. Dubin Dr. Rich Colvin
President COTT Chair-Science & Medicine Working Group
Dr. Dana Kuhn Terry Rice
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