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Y E L L W F E V E R

ETIOLOGY, SYMPTOMS AND DIAGNOSIS.

By Joseph Goldberger, Passed Assistant Surgeon,

U. S. Public Health and Marine-Hospital Service.

ETIOLOGY.

The claims, by various authors up to 1890, of having discovered the

specific cause of yellow fever, were all effectually disposed of by the

investigations of Sternberg. Since that time several investigators

have reported finding the specific causative agent; but it is notable

that no two of the micro-organisms for which this claim was made
wore identical, and since only one could be the specific organism, it is

evident that the others could have no real claim to specificit}'.

Of the organisms referred to, that described b\' Sanarelli (1897) as

the Bacillus icteroldes attracted most attention and, indeed, was at

first hailed as the long-looked-for germ.

A series" of epoch-making investigations and discoveries by a com-

mission composed of Walter Itecd, James Carroll, Aristides Agra-

montc, and Jesse W. Lazear, medical officers of the United States

Army, which have been fully confirmed and in some respects amplified

by independent worker.s—Cuban'', Brazilian'', American"^, French '^j

German-'—have resulted in establishingj

1. That yellow fever is transmitted, under natural conditions, only

by the bite of a mosquito {Stegomyia calopus) that at least 12 days

«Reed, Carroll, Agramonte, and Lazear, 1900; Reed, Carroll, and Agramonte,

1901a, and 1901b; Reed and Carroll, 1902.

b Guiteras, 1901. < Barreto, de Barro.-^, and Rodrigues, 1903. ''Ross, 1902; Parker,

Beyer, and Pothier, 1903; Rosenau, Parker, Francis, and Beyer, 1904; Rosenau and
Goldberger, 1906. <= Marchoux, Salimbeni, and Simond, 1903; Marchoux and
Simond, 1906a, 1906b, 1906c. /Otto and Neumann, 1905.
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before has fed on the blood of a person sick with this disease during

the first 3 days of his ilhiess.

2. That yellow fever can be produced under artificial conditions by

the subcutaneous injection of blood taken from the general circu-

lation of a person sick with this disease during the first 3 days of his

illness.

3. That yellow fever is not coijveyed by fomites.

4. That the Bacillus icteroides Sanarelli stands in no causative

relation to yellow fever.

As all preventive measures are based on the foregoing fundamental

propositions, a somewhat more detailed consideration of each is

desirable.

A.— Yelloio fever is transmitted^ u^nder natural conditions^ only hy the

hite of a mosquito (Stegomjna calopus) that at least 1'2 days hefore

hasfed on the hlood of aperson sick with this disease daring the first

three days of his illness.

. The unusual prevalence of insects during some epidemics of yellow

fever was noted more than a century ago. It was not until 1848,

however, that an}' suggestion was made as to their etiological con-

nection. In that year Josiah C. Nott of Mobile, Ala., reasoning from

certain epidemic peculiarities of the disease, expressed it as "probable

that yellow fever is caused by an insect or animalcule bred on the

ground," and mentioned "mosquitoes, flj'ing ants, many of the

aphides" as illustrations of insects whose general habits were such as

to fulfill the requirements as transmitters of the disease. At about

this time there appears to have prevailed a fairly widespread belief in

the existence of some relation ])etween mosquitoes and yellow fever,

for Dowler, writing in 1855, states that many persons regarded "any

increase in the number of mosquitoes as a certain prelude or precursor

to a yellow-fever epidemic."

The first to definitely assert that the mosquito is the medium of trans-

mission and to specifically indicate the mosquito concerned was Carlos

J. Finlay. In 1881, at a meeting of the Royal Academy of Medical

and Physical Sciences of Habana, he stated that three conditions were

necessary for the propagation of yellow fever, namely: "(1) The

existence of a yellow fever patient into whose capillaries the mosquito

is able to drive its sting and to impregnate it with the virulent parti-

-cles, at an appropriate stage of the disease. (2) That the life of the

mosquito be spared after its bite upon the patient until it has a chance

of biting the person in whom the disease is to be reproduced. (3) The

coincidence that some of the persons whom the same mosquito hap-

_pens to bite thereafter shall be susceptible of contracting the disease."

During the succeeding twenty years Finlay continued, tenaciously, to



maintain his theory which, in collaboration with Delgado, he attempted^

thoiio-h unsuccessfully, to prove.

To Keed, Carroll, Agramonte, and Lazear is duo the credit for the

masterly experiments which converted a discredited hypothesis into

an established doctrine.

The transmission of the disease by the mosquito is not, as Finlay

thought, a simple mechanical transfer from one individual to another,

such as occurs at times in plague through the instrumentality of iieas

or in surra through biting flics. Jii these diseases neither the flea nor

the fly is necessary, but in yellow fever not only is the mosquito nec-

essary, but it is essential that tlic mosquito be of a particular species

or at least of a particular genus. Thus, attempts to transmit the disease

b}^ means of mosquitoes of other than the genus Stegomyia " have not

been successful.

It has been found, furthermore, that in j-ellow fever, unlike either

surra or sleeping sickness, a certain period must elapse after the infect-

ing feed before the mosquito is capable of communicating the disease.*

Experimentally this interval appc^ars to be not less than 12'" days, so

that a susceptible individual may expose himself with impunity to

repeated stings within the lirst 10 or (?) 11 davs '^^ after the mosquito

has fed on a person sick with the disease. This is the period of

"extrinsic incubation"' of Carter, whose painstaking observations at

Orwood and Taylor, ]Miss. , in 1898, resulted in his tentatively fixing

this interval as "usually in excess of 10 days"' and served, in the

light of the then recent discovery of the mosquito transmission of

malaria, to direct the attention of the Arm}" Commission to Finlay's

mosquito as a possible "' intermediary host'' for this disease.

The duration of this period of "extrinsic incubation" is decidedly

influenced by the temperature of the air. It is at its mininumi at

temperatures above 26' C (80^ F), but becomes progressively longer

as the temperature declines below this point.

The period of the disease at which the mosquito bites is another

essential factor in the latter's power to transmit the disease. Thus
all attempts to produce an attack by means of the bites of mosqui-

toes that had previously fed on cases after the third day of the

a No experiments have as yet been recorded with any species of this genus other

than S. calopus.

f>ln surra and sleeping sickness for example, no such interval exists. On the

contrary, it is only during the two days immediately following the infecting feed

that the tsetse flies concerned can transmit these diseases. After the third day their

bite is perfectly harmless. In dengue this interval appears likewise to be absent.

'"I say "appears to be," because the recorded experimental evidence is not sufl&-

cient to prove that it may not under favorable conditions be a (very) little shorter

than 12 days.
f' Nor do such bites during this period confer, as Finlay believed, an immunity

from subsequent attack.



disease have failed,* whereas all successful attempts have been with

such mosquitoes as had been allowed to feed on cases during the first

three daj^s.

There are some who, while granting that the mosquito is capable of

transmitting the disease directl}' by biting, maintain that the disease

may also be acquired by ingesting water in which the body of an

infected mosquito has disintegrated. Again, there are others who,

while admitting that the mosquito is the sole medium of transmission,

hold, nevertheless, that there ma}' be sources other than the one men-

tioned from which this insect may acquire its infection, and suggest

black vomit or articles soiled by yellow-fever patients as pertinent illus-

trations. But neither the results of experiments especially designed

to test these hypotheses nor the indirect evidence furnished by a large

mass of observations give the slightest support to these assumptions.

After the mosquito has become infective it probably remains so for

life.

B.— Yellow fever can he produced under artificial conditions hy the

subcutaneous injection of hlood taken from the general circulation

of a person sick with this disease during the first 3 days of his illness.

The subcutaneous injection of a drop^ (0.1 cc.) of yellow fever blood

serum from a case in the first day of illness has produced an attack of

yellow fever, whereas five times this amount from a case in the fourth

day of the disease produced no symptoms.

C.— Yellotv fever is not conveyed hy fom.ites.

Before the demonstration by the Arni}^ Conmiission of the trans-

mission of 5^ellow fever through the mosquito it was ver}' generall}^

believed, notwithstanding a large mass of evidence to the contrary,

that the disease was communicated by the exhalations of the sick, by

contact with their excretions, or with articles that had been exposed

to or been soiled by them.

In order to put this almost universal belief in fomites to a rigorous

test, the Army Commission exposed each of a series of seven non-

immunes to clothing and bedding which had been used by cases of

yellow fever and which had become soiled with blood, urine, feces,

and black vomit. The house in which the experiment was carried

out was especially constructed for the purpose in an isolated place

near Habana. In order to prevent access of mosquitos and to simu-

«The recorded experimental evidence is not sufficient to show that this infective

period may not at times extend into the fourth day. This is of considerable prac-

tical importance. A case of yellow fever should be protected from mosquitoes during

four full days at least.

''Parker, Beyer, and Pothier (1903) induced an attack of yellow fever by the sub-

cutaneous injection of 0.033 cc. of filtered serum from a case in the third day.



late the conditions thought most favorable to infection by foraites, the

windows and doors were screened and so placed as to prevent free

ventilation, special pains were taken to exclude sunlight, and pro-

vision was made for heating- during the day sq that an average

temperature of 72.6° F. was maintained throughout the entire period.

The men were exposed in scjuads for periods averaging 21 nights each.

Each squad entered the house at night, removed the soiled articles

from the boxes in w^hicli they were packed, shook them out, hung

some about the room, and used some for making up the beds in

which they slept. In the morning the various garments and articles

of bedding were repacked and the men left the room to occupy a

near-by tent during the da}'. The result of this experiment was

entire!}^ negative; the men remained in perfect health. Subsequently

some of them submitted to mosquito inoculation and promptlj^

sickened with the disease, showing conclusiveh^ that they were not

immune.

It mav be of interest to observe that the first experiments to deter-

mine the infective power of fomites were made over a centur}- ago.

In 1800 Cathrall reported having repeatedh .applied black vomit to

his tongue and lips and to the skin of various Y^arts of the body with-

out experiencing any ill eti'ects. In company with a friend he had,

besides, exposed himself to the fumes of heated black vomit, both in

the open air and in a confined space, likewise without harm. In ISO!

Ffirth, imitating Cathrall's example, went so far as to repeatedly swal-

low several ounces of fresh black vomit; he rubbed some into incisions

in his arms and dropped some into his eye without experiencing any

but momentary disagreeable effects.

In view of the foregoing, one can not but admire the acute reason-

ing of La Roche," who, half a century ago, in discussing the evidence

in support of transmission through the agency of clothes, bedding,

merchandise, etc., concluded that ''we may well infer" that in the

record of such instances " some error has crept in—something has been

omitted or overlooked—and that the production of the disease was

reall}' due to some other agency than the one contended for," a con-

clusion which wall be concurred in by anyone who will take the pains

to critically examine the recorded instances of alleged transmission by

such means.

D.

—

Experiments to show that the Bacillus icteroidqs Sanarelli stands

in no causative relation to yellow fever.

The fact that the Arm}- Connnission was able to produce three cases

of yellow fever by the subcutaneous injection of blood which was

shown to be sterile by the culture method is sufficient to eliminate

a S'ol. 2, p. 522.



8

B. icteroides from consideration. Tliat the attacks of fever so

produced were not simply such as might be caused by the injection of

a soluble toxine circulating" in the blood is shown by the following

chain of experimejits:

The first link in the chain was a fatal nonexperimental case of

yellow fever which furnished the Army Commission" with blood that

culturally showed the absence of B. icteroides^ but 0.5 cc. of which

injected subcutaneously into a nonimmune (W. F.)'^ induced an attack

of fev^er having all the characters of yellow fever. From the latter

case blood was drawn and 1 cc. injected into a second nonimmune
(J. H. A.)"; culturalh^ this blood was sterile, but nevertheless it

caused an attack in all respects similar to yellow fever. Eight hours

after the onset of this man's ilhiess some mosquitoes were allowed

to bite him, one of which, 26 days later, was applied to a nonimmune
(Vergara)^, who developed an attack of yellow fever 3 days, lo hours

later (see diagram).

Diagram.

Xon- First. Second. Third.
experimental Experimental Experimental Experimental

case. case. case. case. .

©— —-©^ —<!)
^ -©

Induced by injection of Induced by injection Induced by bite
0.5 cc. blood from No. 1. of 1 Cc. blood from No. f)f a mosquito that
Cultures from blood, no 2. Blood cultures ster- had fed on No. 3,

B. ieteroidis. lie. 26 days before.

The only possible explanation of this chain of events is that there

was present in the blood used for the subcutaneous injections an

organism that can not be cultivated on ordinaiy media

—

B. icteroides

grows readily on all ordinary media—and that the mosquito that bit

the second of the experimental cases became infected with this organ-

ism and 26 days later transmitted this infection to a nonimmune. It

is inconceivable that a toxine alone could infect a mosquito in such a

way as to enable the latter, 26 days later, to reproduce the disease by
biting a nonimmune. It mav bo ob.served in this connection that a

person who has suffered from an attack of the disease, acquired natu-

rally or experimentally through the bite of a mosquito, is immune to

injections of virulent yellow fever blood serum and, vice versa,

an attack of the disease induced by the injection of yellow fever

blood protects against subsequent inoculation by means of infected

mosquitoes.

The jjarasite.—While the organism of 3^ellow fever has not yet been

discovered, we are, nevertheless, in possession of some facts which

enable us to form some idea of its character. The disease has been

found to occur in nature only in man and the mosquito, so that it is

«Reed, Carroll, and Agramonte, 1901b, p. 16.

&Guiteras, 1901, p. 812.
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inferred that the parasite is one of those that requires for the complete

evohitioii of its life cvcle a niatnnialian and an arthropod host. AVe

have familiar analogies in Piropbinma higemmum of Texas fever and

the Pl<ismodmm of malaria. Because of these analogies it is inferred

that biologically it may be grouped with them as a piotozoon. On
the basis of these and other analogies, both Schaudinn (1904) and Novy

& Knapp (1906) have suggested that it may be a Sphochseta. Stim-

son's recent discovery of a spirochtete-like organism in the tubules

of a yellow fever kidney is, therefore, exceedingly interesting and

suggestive.

The cycle in man is represented clinically by a stage of incubation

and by a stage of fever. Some attempts to infect mosquitoes by allow-

ing them to bite subjects during the stage of incubation, in one instance

as late as 6 hours before the onset of the stage of fever, have been

unsuccessful; whereas a mosquito that })it a case of the disease 8

hours after the onset became infected and conveyed the disease to a

nonimnuine 2») days later. This would indicate that the parasite does

'

not appear in the circulating blood until the onset of the disease. We
already" know that it remains in the blood only during the first three

days of the disease or, at least, it is only during those three days that

it exists in a form capable of continuing its life cvcle in the mosquito

or in a fresh nonimmune.

In the circulation it exists in a form so minute as to be capable of

passing through the finest grained porcelain filters, such as the Cham-
berland B and the Chamberland F.

Its resistance to deleterious influences is feeble when withdrawn
from the circulation. When kept in a test tube exposed to the air in

the dark, at a temperature of 24^ C. (75° F.) to 30= C. (80° F.), it

loses its virulence in 18 hours. Under the same conditions, but pro-

tected from the air by keeping under oil, it retains its vitality some-
what longer—up to between 5 and 8 days. Heating for 5 minutes

at 55° C. (132° F.) apparently suffices to kill it. The effect of low
temperatures has not been studied.

The cycle in the mosquito requires at least 12 (?) days" for its com-
pletion. As to the changes which it undergoes during this period we
are in complete ignorance.

The French commission has recorded one experiment which would
indicate that the parasite may, under certain circumstances, be trans-

mitted to the progen}' of an infected moscpiito through the ^gg. An
attempt by Rosenau and Goldberger to confirm this resulted negatively.

The same commission attempted, but without success, to transmit the

parasite from one mosquito to another by feeding larvcV with cadavers
of infected adults; they appear, however, to have succeeded in trans-

" See page ri, footnote ^,

r4l'—Xo. 16—07 2
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mitting the parasite to a mosquito by feeding it with sirup in which

the body of an infected insect had been crushed.

Judging- from the variations in the virulence of different epidemics

it is fair to infer that there is a corresponding variation in the viru-

lence of the parasite. The variation in severity of individual cases

appears, however, to be largely influenced by the susceptibility or

resistance of the subject, for the bite of the same mosquito or mos-

quitoes will be followed in one instance by a severe and in another by

a mild attack. Nor does there appear to be any appreciable difference

in severity between attacks inducted by the bite of a single as com-

pared with those induced by the bites of several insects.

SuscejytihiUty.—Attempts to induce the disease in the ordinary lab-

oratory animals have been unsuccessful. Marchoux and Simond (1906a)

caused a mild febrile attack in one orang-outang and in one chimpan-

zee by bites of infected mosquitoes. Thomas (1907) induced a mild

febrile attack with albuminuria in a chimpanzee following an inocula-

tion by infected mosquitoe?.

All persons are naturally susceptible, but there is a difference in the

degree of this susceptibility in different races. Thus the mortality in

the negro is less than in the Caucasian. Age has a distinct influence

on susceptibility, as is shown by the mildness of attack and relatively

low mortalit}" in children. Nativity and long-continued residence in

an endemic focus were supposed at one time to "acclimatize" and thus

protect against the disease, but it is now believed that this protection

was obtained not by the occult influence of climate but by having

had during childhood or at some other age a mild and unrecognized

attack of the disease.

THE' YELLOW PEVER MOSQUITO.

This insect has been known by a variety of names of which Culex

viosquito^ Culex taeniatus^ and Culex fasciatus were in most common

use up to 1901. In that year Theobald, having observed that some

sixteen species of Culex^ while agreeing amongst themselves, differed

from the others of this "genus in certain peculiarities of scale arrange-

ment, separated these into a group to which he applied the name

Stegomyia. In this group was included the yellow-fever mosquito

whose name thereupon became Stegomyiafasciata. Blanchard (1905),

however, has pointed out that the specific designation fasciata is not

applicable to this insect, as it had first been applied to another, so that

ealojms, suggested by Meigen in 1818, has the right of priority. There-

fore, under the rules of zoological nomenclature, the correct name is

Stegomyia calopus (Meigen, 1818) Blanchard, 1905.

Adult.—T\iQ Stegomyia calopus {^gs. 1 and 2) is readily recognized.

It is a handsome insect—a study in black and white. The distinction
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Fig. 1.— Kxt.Tiiiil unalomy of Siegoniyin calopus.
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Fi(,. 2.—Sti'gimiyia calopiis (female)
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between the male and the female is readily discernible in the characters

of the antennie*^ in the former (fig-. 3) these organs are prominent and

feather}^— decidedly hirsute. Another prominent point of difference

exists in the length of the palpi; in the male the}^ are long—almost as

long as the proboscis, but in the female they are short—less than one-

third the length of the proboscis.

The palpi in both sexes are black, but are ornamented with white

scales which, in the male, are arranged as four narrow bands, while in

the female they are collected into a white tuft at the tip.

The proboscis is black and is devoid of ornamentation, differing in

this respect from both Calex UPMiorhynclius and Culex fiollicifatis,

each of which has the proboscis marked by a pale band in the middle.

These two insects bear a superticial resemblance to S. calopus, for

which they are not infrequently

mistaken by the uninformed.

The head is clothed by the broad

flat scales characteristic of the

genus. These scales are black, ex-

cept for a line of white down the

middle extending to the neck and

a narrow" white border to the eyes.

The thorax is dark brown, almost

black, ornamented with silvery

white patches and lines of which

the following are peculiar to and

distinctive of this species, and en-

able one to recognize it at a glance:

A well marked, easily recognizable,

pure white curved line on either

side of the back (mesonotum) be-

tween which, but less obvious to

median parallel lines;

on the scutelluni.

The abdomen is clothed with black and white scales, the latter col-

lected in bands at the bases of the abdominal segments, and in distinct

patches at the sides.

The legs are black scaled, except for white bands which are arranged

as follows: A basal band on the first joint of the fore, on the first and

second of the mid, and on all of the hind tarsi except the last, which

is, as a rule, all white. Each leg is provided with a pair of claws

which are equal in size in the female-but unequal in the male. The}'

difl'er in other respects in the two sexes; in the female those of the fore

and of the mid legs are provided with one tooth, those of the hind

legs are simple; in the male all the claws are simple except the larger

one of the forefoot.

Fig. 3.—Appendages of head of Stegomyia

calopus (male).

the naked eye, are two delicate

prominent transverse white line of scales
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The veins of the wings are clothed with dark brown scales. The
first submarginal cell is longer than the second posterior cell and the

base of the former is nearer the root of the wing.

Biting.—The male insect does not bite; it lives almost exclusively

on vegetable and fruit juices. In the females, however, a feed of

blood is a necessary condition precedent 'to ^<g^ laj^ing. At summer
temperatures this insect will digest a full meal of blood in about 48

hours. If disturbed in the act of feeding it will fly away, but will

return and attempt to finish its interrupted meal. In this way one

infected mosquito in its efl'orts to obtain one full meal may bite several

individuals, and so ma3\ almost simultaneously, produce more than

one case of yellow fever.

It has long been observed that communication with an infected

town is distinctly safer during the day than after dark. In an effort

to explain this phenomenon the French yellow fever commission first

suggested, then made some experiments which appear to show that

under natural conditions the yellow fever mosquito, after the first

week, ceases to bite during the day and bites onl}^ at night—that is,

between 6 p. m. and 7 a. m. These results are not, however, alto-

gether in harmony with the observations of others, and there are

cases recorded showing that yellow fever maj^ be contracted by visit-

ing an infected house during the day." We must conclude, therefore,

that the Stegomyia ealopus^ yonng or old, may bite at any time dur-

ing the 24 hours, though probably it is most vicious about dusk and

about dawn. The female is impregnated almost immediately after her

birth, and then proceeds to seek a blood feed; 3 or 4 days after this

she is ready to lay her eggs.

Breeding places.—The Stegoimjia calopu8 appears to be strictly a

house mosquito—a domestic though not "domesticated animal. Her

breeding places, therefore, may be expected, and actuallv have been

found to be any collections of water in and about habitations, such

as cisterns, wells, water barrels, tubs or jars with or without water

plants, sagging roof gutters, more or less broken and discarded

crockery, bottles and tins, fountains (not containing fish), cemetery

vases, baptismal and other fonts in churches, chicken or horse

troughs, grindstone troughs, and tubs or barrels containing water

which has been softened and made more or less alkaline by the use of

ashes. The larvae have been found in tin cans containing fecal matter,

in cesspools, and in some natural collections of water formed by leaves

of certain tropical plants, such as the palm and century plant. Ordi-

narily, she does not seek street puddles or gutters, favorite breeding

places for Culex tseniorhynvlim and Culex piplens {=pungenf<)^ though

her larvse have been found in these situations.

« Carter, 1901b, p. 936.
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Fig. 1.—Eggs of Stegomyia calopus (after

Stephens & Christopher, 1904).

^gg^—The female lays her eocrs (fig, 4) on the surface of the water

or on the sides of the container at or just above the water line. The

eo-o-s do not adhere one to the other to form the compact boat-shaped

masses characteristic of Gxdex (%. 5), but lie on their sides more or

less isolated, thoug-h frequently grouped into clumps. At the moment

of laying the egg's are of a cream color but rapidly become jet black;

they are somewhat cigar shaped with 'one end slightly broader and

more blimtl}' rounded than the

other. They measure on an aver-

age about 0.55 mm. in length and

0.16 mm. in width at the broadest

part. Under the microscope the

apparently cylindrical ^gg is seen to

be slightl}^ flattened on one side.

The eggs are most commonly laid

during the night or early morning,

but they may l)e laid at any time during the 24 hours. The total

number of eggs laid varies, the average being about 65 to 70; the

maximum recorded is 144.'^

The act of ovipositing appears to greath" exhaust the mosquito, so

that it may fall on the surface of the water and die immediately after

even the first ^^^ laying. There are numerous exceptions, however,

and the act ma}^ be re-

peated several times and

the mosquito survive for

some time after.

If laid on the surface of

the water the ^^g floats,

being supported by the

surface film. Disturbance

of the water surface ma}^

cause the ^^^ to become Avet and sink to the bottom, >)ut this does not

prevent its hat(!hing out into the larva. The ^g^f shows marked powers
of resistance to unfavorable influences. Thus it may be kept dry for

from two or three to six and one-half months^ and still retain its

vitality and hatch out when put back into the water. Keed and
Carroll^ have shown that freezing does not destroy its vitality. The
egg probably plays the leading role in the hibernation of this mosquito.

Under the most favorable conditions as to temperature (30^ C.

(86^ F.) and over) eggs hatch out in about 36 hours after they are laid,

but with a lowering of the temperature this period becomes progress-

ively longer until 20° C. (68° F.) is reached, below which they will

not hatch at all.

Fig. 5.—Eggraft and eggs of Culex (after Stephens &
Christopher, 1904).

«:Marfhoux ami Simond, 1906b. '' Francis, 1907. <Reecl and Carroll, 1901.
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Larva.—The ^gg hatches into the larva ("wiggle-tail") (fig. 6),

which can be distinguished readily from the larva of Culex pipiens

(fig. 7), its most common messmate, by
the color and proportions of the breath-

ing siphon (air tube). In the S. calopus

the respiratory siphon is black and
somewhat barrel-shaped, with its great-

est transverse diameter equal to about

one-half of the length; whereas in Cidex

2>ipiens the air tube is brown, longer,

more slender, and with the greatest

transverse diameter less than one-third

of the length of the tube. The larva,

tliough it lives in the water, is strictly

an air breather and must come to the

Fig. 6. -Larva of Stegomyia calopus (after

Howard, 1901).

surface for air. It thrusts its breath-

ing tube up into the surface film and

remains suspended head down, at an

angle somewhat less than 45°, for a

variable time. A film of oil on the sur-

face of the water is sufficient to obstruct

the air tube, and thus cause the death

of the larva b}^ suffocation. The larva

is very timid, so that a very slight jar

or a sudden shadow will cau.^e it to

move rapidly to the bottom of the

container where, indeed, it may very

commonly be observed to feed.

The duration of the larval stage is influenced l)y food supply and

temperature. With an abundant supply of food and under favorable

Fig. 7.—Larva of Culex pungens (after

Howard, 1901).



15

conditions of temperature this stage lasts not less than 6 or 7 daj^s;

under conditions where the supply- of food is scanty or the tempera-

ture reduced the duration of this stage ma}' become very much pro-

longed (weeks) or development may altogether cease. In the latter

case the larva ma}' die without completing its metamorphosis or, with

the return of favorable conditions, it resumes its development. Freez-

ing for short periods does not appear to injure it.

Pupa.—After several moults the larva changes into the pupa (fig. 8).

The pupa is not provided with a mouth and does not feed. It spends

its time at the surface of the water for, like the larva, it is an air

breather, and is provided with two trumpet-shaped breathing tubes

which spring, not from the tail as in the larva, but from the dorsum

of the thorax. It moves only when disturbed, and then rather rapidly

and jerkily downwards into the depths. The pupal stage lasts at least

36 hours, during which time important changes take place in its inter-

nal organization preparatory to the

emergence of the perfect insect or

imago. The pupal, like the larval

stage, is normally passed in the water.

Berry has shown, however, that the

pupa may be spilled on the ground

without its metamorphosis being in-

terfered with. Under the most favor-

able conditions it takes at least 9

days from the time the Qgg is laid to

the appearance of the imago.

Longevity.—The length of life of

the adult female under natural con-

ditions probably varies greatly. Experimentally, Guiteras (1904a)

succeeded in keeping a presumably infected one alive for 154 days at

the fall and winter temperatures of Habana. At summer tempera-

tures, deprived of water, it does not usually survive longer than 3^ to

4 days, and only very exceptionally 5 days. This fact has a bearing

on the possibility of transporting the mosquito in bandboxes or trunks.

Its activity, which is greatest at about 30° C. (86° F.), distinctly

diminishes as the temperature declines and approaches 20° C. (68° F.).

Below the latter point and as the temperature of 15° C. (59° F.) is

approximated the insect seeks obscure corners for protection, becomes

very sluggish, and can only exceptionally be induced to bite. In a

refrigerator at 8° to 10° C. (46.5° to 50° F.) Guiteras (1904a) was able

to keep some mosquitoes alive without food or water for 87 days.

How much longer they mave have lived it is impossible to say, because

the experiment was terminated at the end of this time by some ants

that gained access to and destroyed the mosquitoes. A freezing tem-

perature kills the mosquito rather quickly.

Fig. 8." -Pupa of Stegomyia calopus (after

Howard, 1901).
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In the influence of variations in temperature on the rate of multi-

plication, on the activity and on the duration of life of the mosquito
we have a satisfactory explanation of the peculiarities of seasonal

prevalence of the disease in endemic foci, of the decline of epidemics

with the advent of cool weather, and of their abrupt cessation on the

occurrence of a severe frost. The occurrence of cases even after a

killing frost is explained by the fact, alread}^ mentioned, that the

S. calopus. is peculiarly a house mosquito, and it is for this reason

occasionally able to escape the fall rigors of the climate.

Aerial conveyance.—On this su])ject I can do no better than quote

Carter (1904), who has given it a great deal of attention.

Although direct observations on this problem are few, yet there are certain indi-

rect ones bearing, however, entirely on the aerial conveyance of the tSfegomyia

infected with yellow fever. It is notorious that yellow fever is usually conveyed but

a short ways aerially "across the street" or more often "to the house in the rear,"

which is about as far as it was expected to be thus conveyed. This represents a

distance of about 75 yards. The two longest distances recorded in recent times of

aerial conveyance, one of 225 meters (INIelier) and one of 76 fathoms—456 feet (the

writer)—are entirely exceptional. So much for the distance which the "infected"

Slegomyia is conveyed—or, rather, usually conveyed—aerially.

On the other hand, it is known that vessels moored in certain districts of the

Habana harbor did not develop yellow fever aboard except in those who had been

ashore or unless they lay close to other vessels which were infected. This experi-

ment has been made on so large a scale, with so many vessels, and for so many years

that we must accept as a fact that an infected Stegomyia was not conveyed aerially

from the Habana shore to those vessels, or, allowing for errors, was very rarely so

conveyed. The distance which had been found safe was something over 200

fathoms—1,200 feet. The prevailing wind was generally slightly on shore, but was
not constantly blowing. Whether there is any difference in the distance to which
infected or noniufected mosquitoes are conveyed is, of course, entirely a matter of sur-

mise. There is no apparent reason why there should be. Yet the infected Stegomyise

have almost certainly become so in a house, and with their very domestic habits must

be found out of doors, where they would be subject to conveyance by the wind in

much smaller numbers than the uninfected insects, and consequently a lesser number

of them would be conveyed aerially. Observation is needed on this subject—the

distance (across water) that Stegomyhv are aerially conveyed.

Conveyance hy railroads and vessels.—The yellow fever mosquito

may be conveyed from one place to another in the railway car. I cap-

tured one in a da}^ coach en route between Donalsonville and Bain-

bridge, Ga., in August, 1905. M}^ experience in traveling by rail,

both in Mexico and in the southern part of the United States, leads me
to believe that the number thus conveyed is very small, so that the

chance of conveying one that is infected is probably very slight.

Distribution by vessels may not infrequently be observed. They

have been found on steam vessels, but much more commonly and in

greater numbers on sailing vessels, because the latter are more likel}^

to present easily accessible breeding places. It can hardh" be doubted

that the outbreaks of yellow fever in such northern cities as Balti-

more, Philadelphia, New York, Boston, and Quebec were due to the
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importation on sailing vessels of infected mosquitoes. These in pro-

portion as they found conditions favorable, multiplied more or less

rapidly and abundantly and produced epidemics which were more or

less closely confined to, or in the neighborhood of, the shipping.

Geographic distrilndion.—The Stegomyla calopus has been found to

be one of the most widely distributed of mosquitoes. It is primarily

a tropical insect, but has extended north and south along lines of

travel, establishing itself permanently wherever the conditions of

temperature and moisture are favorable. Speaking broadly, it belts

the globe between 38° north and 38° south latitude.

Within the United States the points at which it has been "found, with

few exceptions, "fall witliin the limits of Avhat are known as the

tropical and lower austral zones. These life zones include practically

all of the southern United States which border on the Atlantic Ocean

and the. Gulf of Mexico, with the exception of those portions of

Virginia, North and South Carolina, Georgia, and Alabama which

constitute practically the foothills of the Appalachian chain; in other

words, western Virginia and North Carolina, the extreme northwest-

ern corner of South Carolina, the northern part of Georgia, and the

extreme northeastern corner of Alabama. Further than this, the

lower austral zone includes the western half of Tennessee, the western

corner of Kentuck^^ the extreme southern tip of Illinois, the south-

eastern corner of Missouri, and all of Arkansas except the northern

portion. It also includes the southern portion of Indian Territory,

southern Arizona, and some of northern Arizona, and southern strips

in Utah, Nevada, and California.

"In the greater part of the territorv thus indicated, and where the

climate is not too dry, Stegomyl'i fasciata will, with little doubt, upon
close search, be found.

"All the rest of the lower austi-al territorv just indicated, and trhere

the climate is not too dry, will constitute a region Avhere the yellow-

fever mosquito, if once introduced, will undoubtedly flourish. Even
in the dryer portions of western Texas, southern New Mexico, south-

ern Arizona, southern California, and southern Nevada, where the

climate is exceptionally dr}^ there is a possibility that this species, if

once introduced, will breed in the water supph' of ranches, except,

possibly, where the water is impregnated with alkali."*

INCUBATION.

In 29* cases of experimental yellow fever, recorded in the literature,

produced by mosquitoes in nonimmunes that had not heen subjected to

« Howard, 1903.

^This does not include one case apparently induced by mosquitoes that had
acquired their infection by feeding on sirup in which the bodies of infected mosqui-
toes had been crushed. In this case the incubation period would appear to have
been not less than 9 nor more than 12 days.
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previous inoculations vntJi hlood serurn^ the period of incubation varied

from not less than 2 daj's 1 hour to 6 days 2 hours. In 25 of these

cases the incubation period did not exceed 5 days, leaving four cases,'

or 13.8 per cent of the total, in which this period was in excess of 5

days. There is some reason for believing that this period may, excep-

tionally perhaps, be prolonged to S'* or 10* da3\s.

The limits of variation of this period in the experimental cases pro-

duced by blood injection v^^ere from 1 day 15 hours to 12 days 18

hours in subjects that had not been subjected to other than the one
blood inoculation.

The length of the period of incubation appears to bear no direct

relation to the number of mosquitoes used for the inoculation; nor
does it appear to bear any direct relation to the age of the insect or

insects or to the character (mild or severe) of the case from which
they obtained their infection or which they induce.

SYMPTOMS.

Yellow fever is a disease that manifests itself in all grades of severity,

from an attack suggesting a "slight attack of grippe" or ''indiges-

tion" of such mildness as hardly to interfere with one's daily routine,

and not calling for medical attention, to an attack of such malignancy

that the physician finds himself powerless to stay its course to a fatal

termination. Besides this great diflference in t^e virulence of indi-

vidual attacks, there is considerable variation in their duration and in

the relative prominence of certain symptoms. These differences have

been used by different writers in various waj's as a basis for dividing

the disease into different clinical types. As these divisions are of no

practical use the}^ will not be considered.

Onset.—In most cases the transition from a state of well being is

abrupt and may be marked by the occurrence of a chill or chilliness,

or by the appearance of a severe frontal headache, or pain in the lum-

bar region of such severit}' as to suggest an attack of smallpox or,

occasionall}', in children by the occurrence of convulsions. In these

cases close questioning will not infrequently elicit a history of

indisposition for perhaps 12 to 21 hours before the occurrence of the

S3niiptom or symptoms that detinitely mark the onset of the disease.

In a smaller proportion of cases the patient takes to his bed in conse-

quence of a rapidly increasing lassitude with or without headache.

The disease may be ushered in at any time during the 21 hours, so

that one not infrequently obtains a histor}^ of the patient's having

been awakened at night by the occurrence of a chill, or awakening in

the morning with fever, headache, and nausea.

"Carter, 1901a, p. 366.

^Marchoux, Salimbeni and Sirnond, 1903, p. 674, footnote.
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Pains.—Pain in some form is one of the earliest and one of the

most constant sj'mptoins. It is usually marked, but at times, in

children, and occasionally in mild cases in adults, it may be slight,

and in the former sometimes alto<>ether absent. Frequently marking

the onset or, if not, appear! no- soon after, are headache, pain in the

back and limbs. After two or three da\s, with the decline in the

fever, the severity of these usually diminishes. The headache is

usually frontal, but it is sometimes temporal or occipital; there is

usually associated with it more or less aching of the eyes. The pain

in the back is sometimes described as if it had been produced by

blows with a rod, on which account the French in the West Indies

have called it the coup de harrc; in some instances it is not unlike the

lumbar pain of smallpox. The aching in the limbs has its seat in the

muscles, and affects more particularly the nmscles of the thighs and

calves of the legs.

Fades.—With the onset of the disease the face usually becomes

flushed and somewhat swollen. The flushing may be slight or occa-

sionalh' altogether absent, or it may be so marked as to suggest the

initial rash of dengue, especially if it extends, as it sometimes does,

down the neck to the upper pai"t of the chest. The amount of swell-

ing varies; it may be inapprecial)le or it ma}" be sufficient to smooth

out somewhat the lines of expression. Coincident with the flushing

of the face the eyes become congested and red and sensitive to light.

In mild cases the injection of the conjunctiva may be shown only as an

abnormally prominent capillary mesh; in the severe cases the con-

junctiva mav appear as if inflamed, and in rare instances it ma}' become
raised around the cornea from intiltratiou of serum and blood. The
flushing of the face and the injection of the ej^es usually diminish as

the temperature begins to decline.

In certain grave cases, coincident with the appearance of black

vomit, the face becomes pale, the lips cyanosed, the eyes sunken, and

the redness of the conjunctivae becomes replaced by a more or less

distinct tinge of ^^ellow.

Skin.—At first the skin is warm to the touch and usually, l)ut by

no means always, dr}'; sometimes, indeed, it is covered with perspira-

tion which may persist throughout the disease. Later, in some
cases, with the occurrence of black vomit, the skin becomes cool and
clammy. Jaundice occurs in all but some mild cases; it usually

appears first about the third day as a slight tinging of the ocular con-

junctiva. At almost the same time, or very soon after, it maj^ be

noticed that the skin also has acquired a pale 3'ellow tint. Its early

detection may be facilitated by pinching up a fold of skin and causing

a momentary local aniemia.

As the case progresses the icteric tint, which at first is faint, grad-

ually becomes more pronounced. The depth of color attained varies
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from a pale lemon to an orange or a saffron hue. In some cases the

jaundice may appear somewhat earlier than the third day; in others

somewhat later, or not until convalescence. In some fatal cases it

may not present itself until after death. After convalescence is estab-

lished the icterus more or less rapidly fades away.

Various accidental eruptions, such as sudamina, herpes, and echy-

motic patches are occasionalh^ ol).served.

Odor.—An odor variously described has been noted by many writ-

ers. Some have considered the odor so peculiar as to be almost path-

ognomonic. While 1 have mj-self never detected any odor that I

could differentiate from that which may occasionally be noted in other

diseases, and while I can conceive that as the result of pathological

changes volatile odorous matters may be given off by the skin (or

lungs) that are peculiar to the disease, ] am, nevertheless, constrained

to believe that some, at least, of the observers who have noted these

"characteristic" odors have deceived themselves, especially when I

read that the odor was detected "twelve days before the development

of the fever."

Temperature.—With the onset of the disease the temperature rises

and usually continues its ascent for from 24 to 48 hours. During this

initial rise the fever frequently reaches the highest point which it

attains during the disease. This does not commonly exceed 40. 2 -^ C.

(104.5'^ F.). A temperature above 41° C. (105.6° F.) is but rarely

recorded. Its subsequent course varies considerably, but on scrutiny

it will, speaking broadly, conform to either of two general types: In

one the fever having reached its acme the temperature declines pro-

gressively and more or less rapidly, with or without evening exacer-

bations until it reaches normal (charts 1, 2, 3, and 4). In the other

the temperature continues with more or less marked oscillations for

3, 4, or 5 days at or near the point to which it first rose, and then,

more or less rapidly, declines to the normal (charts 10 and 11). The

cases which conform to the latter type are usually the more grave

and more likely to be fatal; but some of the most rapidly fatal cases

(chart 2)—the so-called foiidroyante cases of the French—belong in

the former categor3^

The initial rise is occasionally interrupted by a decided, though short,

remission or by a complete intermission which may last 6 to 10 hours.

I have seen an intermission lasting at least 6 hours occur 14 hours

after the onset (chart 6). Both the remission and the intermission

may be, and more commonh^ are, delayed until the completion of the

initial rise and are then, particularly the remission, somewhat more

prolonged (charts 5, 7, 8, and !>). The remission may be repeated

(without the occurrence of black vomit) so that the temperature curve

assumes a distinctly remitting character (charts 8 and 9). A fall in

temperature frequently marks the onset of black vomit. It is for this



t;

O









B









O

'^









JQ





1





21

reason that there may be observed in man}^ cases a progressive lower-

ing of the temperature with the approach of a fatal termination, so that

at the end the temperature may be little if an}- above normal. In some

fatal cases, however, the temperature remains elevated to the end; or,

if it has fallen, rises acutelv before death and may continue its ascent

for some minutes after. Agonic and post-mortem temperatures of

42.5° and 43° C. (108.5° and 109.5° F.) have been observed. During

the first days of convalescence the temperature is usually somewhat

below normal.

PuUe. —A.i the outset the pulse is usually full and bounding, and

the number of its beats may register 120 or 125 per miniite. As the

fever progresses the tension and the rapidity of the pulse diminish.

At intervals in the course of the disease the pulse may be distinctly

dicrotic. At the close, in fatal cases, it becomes rapid and feeble; in

those terminating favorabl}' the pulse not infrequently falls to 50 and

occasionallv even less. It is often stated that slowness is a peculiar

characteristic of the pulse in 3^ellow fever, but this is not altogether

correct. While, to be sure, the pulse in this disease is not a rapid

one, its peculiar character consists in the sluggishness with which it

responds to the stimulus of a rise in the temperature. This sluggish-

ness at times amounts to an actual irresponsiveness which is so marked,

early in many cases, that there is witnessed the phenomenon of a sta-

tionary or falling pulse rate with a rising temperature, or a falling pulse

with a stationar}- temperature. This is not simply a lack of correlation

such as is sometimes observed in tA'phoid, but an actual divergence

between the two. Attention was first called to this phenomenon by
Faget, of New Orleans, who considered it pathognomonic.

Unfortunately this sign is not always present and, when present, it

is not always as well defined as could be wished. Its minor mani-

festations are occasionally observable in other febrile affections, such

as pneumonia, malaria, dengue, and septicemia.

Bc.'<purtfio?i.—The number of the respirator}- movements is usually

not notably increased. The character of the respiration is, in man}'-

cases, altered somewhat. Many patients experience a feeling of tho-

racic oppression so that at varial)le intervals their breathing is punctu-

ated by a sighing respiration. In the latter stages of some cases

hiccough appears; it is always an ominous sign.

Blood.—The results of blood examination are characterized chiefly

by their negative character. Morphologically the cellular elements

show no alteration. In uncomplicated cases the number of the red

corpuscles and the percentage of hemoglobin are not, as a rule, reduced,

but, on the contrary, freipiently show an increase above the normal.

The number of the white corpuscles is somewhat diminished, and the

proportion of the different forms is slightly altered. The chief altera-

tion consists hi an increase in the percentage of the polymorphonuclear
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leucocytes and a diminution in the eosinophiles. Sometimes there is a

slight increase in the large mononuclears. There is usually a notice-

able increase in the number of the blood platelets. The coagulability

of the blood does not undergo any material change.'' With the onset

of convalescence there is a fall in the number of the red corpuscles

and in the percentage of hemoglobin.

IlemorrliageH.'—A tendenc}' to hemorrhage is one of the marked
characteristics of the disease. As a rule, this does not manifest itself

before the third da3^ The most common and, in a very large propor-

tion of the cases, the only manifestation of this tendency is bleeding

from the gums. The gums become more or less swollen and the blood

may ooze from them spontaneously or, more commonly, only after

some traumatism, such as a slight pressure of the examining linger.

Epistaxis is almost as frequent a symptom as bleeding from the gums;
it maj^ occur at the onset, but more common^, like bleeding from the

mouth, does not appear until the fourth or fifth day. In women,
menorrhagia or metrorrhagia are common manifestations. During
pregnane}' death of the fetus and miscarriage are of common, though
not invariable, occurrence.

Hemorrhage from the stomach, appearing as black vomit, occurs in

the graver cases only. It varies considerabh^ in amount; in the lighter

grades it may be barely perceptible, as dark streaks or specks in the

vomited matter, but in the severer forms it may be so profuse that

the vomitus is uniformly dark red or black, like coffee grounds. Blood

originating in a hemorrhage from the nose or mouth which has been

swallowed may give to vomited matter precisel}^ the same character

as blood which has its origin in the stomach. Black vomit, therefore,

does not necessarily mean gastric hemorrhage. Meljena may result

from passing altered blood which had its origin in the stomach, or it

may be due to hemorrhage from the intestine. The quantities of black

vomit ejected and melsena discharged per rectum are at times surpris-

ingly large.

D'tgeatlve tract.—In some of the severer forms the lips become dry

and cracked and bleeding. In almost all cases the gums become more

or less swollen, and at first covered with a white epithelial coating

which rapidly wears off, leaving them red and spongy and disposed to

bleed on slight pressure. The tongue at first is commonh' moist, with

a gray coating over the center and dorsum and with red tip and edges.

As the disease progresses, in severe cases, the tongue becomes dry,

red, fissured, and more or less streaked with blood. The appetite is

lost from the first, but returns rapidly with convalescence. Thirst is

frequently marked. Nausea and vomiting are commonly, but not

invariably, present. In general, they appear with or soon after the

onset, and, as a rule, become more or less accentuated with the prog-

« Marks, 1906.
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resH of the disease. There is nothing peculiar about the character of

the vomited matter in any but sonic of the grave or the fatal cases.

At first it may consist of food remnants or of such liquids a« may

have l)een swallowed; later it consists of a thin mucus, which soon

l)ecomes bile-stained. In some grave cases, about on the third day,

sometimes on the second, but more commonly on the fourth or tifth,

streaks of red or black may be detected in the vomited matter. These

streaks are more or less altered l)lood and are the tirst signs of black

vomit. In some cases it does not go be3^ond this, but in some very

severe cases and in most of the fatal ones the vomited matter soon

becomes more or less uniforndy black in color. In some fatal cases

black vomit does not manifest itself during life, but is found post-

mortem. In tiie severer cases there is sometimes associated with the

vomiting or retching more or less distressing hiccough. In the cases

terminating favorably the gastric irritabilit}' gradually diminishes and

disappears. The bowels are usually constipated. The movements are

at tirst natural in color and remain so in all but some of the grave

cases, in which thej'^ may become dark and tarry. Some tenderness,

especially in the severer cases, can usuall}^ be elicited by pressure in

the epigastric region as earlv as the second day. Abdominal pains of

a colicky character are occasionally complained of; sometimes they

are very severe and cause the patient intense sutfering.

Urine.—In mild cases and in those of moderate severitv the urine

may show but slight alteration in character as regards quantity and

density. In severer cases it becomes reduced in volume and somewhat

in specific gravity. Complete suppression is not a rare occurrence in

fatal cases. The suppression may, however, only be apparent and due

to retention, as may be demonstrated by catheterization.

In all but the mildest cases albumin appears in the urine at some

time in the course of the disease. It ma}" appear within 24 hours

after the onset, though usually not until the end of 48 hours; or

it may delay its appearance until after the subsidence of the fever.

At first it appears only in small amounts—a slight trace, perhaps

—

which in some cases is not increased, while in others it rapidly aug-

ments in volume up to 80 to 90 per cent. In favorable cases the

aniount begins to diminish almost at once or very soon after the

maximum has been recorded, and will be found to have disappeared

in from three or four days to two or three weeks from the time it first

appeared. In some cases, however, the albuminuria is verj^ transitory

and may not be detected unless every specimen of urine passed be

examined. When jaundice is present, biliary pigment appears in the

urine, as may frequenth' be noted when making the nitric-acid test

for albumin. Albertini and Guiteras" report the absence of the diazo

a Guiteras, 1904b, p. 594.
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reaction in this disease. Haylin, granular and epithelial easts, which

may be bile-stained, are commonly encountered in the sediment.

Lwer.—Except jaundice, which has already been discussed, there

appear in uncompHcated cases no symptoms referable to this organ,

the dimensions of which are, as a rule, not materially altered.

Sjjleen.—In uncomplicated eases the spleen does not undergo any
material change in size.

Wervous 8yste)n.—Sleeplessness, more or less marked, is a frequent

symptom. Delirium is of common occurrence; in many cases it is only

a slight mental wandering during the first or second night after the

onset. In some of the grave cases this wandering gives place to a

muttering or an active maniacal delirium; toward the end in some
fatal cases unconsciousness, more or less profound, supervenes and

the scene is closed with tonic convulsions involving particularly the

muscles of the face and flexors of the arms. In all mild, in many
grave, and in some fatal cases the mind is clear and alert throughout

the course of tbe attack.

Duration.—The great majority (75 per cent) of all cases terminate

before the ninth day. A fatal termination rarely occurs before the

third day, but it has been recorded as late as the twenty-second.

Complications.—In the vast majority of cases 3'ellow fever runs its

course without any disturbing complications. Occasionally, however,

a deep-seated muscular abscess or an inflammation of the parotids may
occur.

The most common complication is malaria, which may manifest

itself either during the febrile period or, and more commonly, during

convalescence.

Yellow fever ma}^ occur as a complication in the course of some
chronic diseases such as pulmonary tuberculosis, cirrhosis of the liver,

dysentery, malarial cachexia and ankylostomiasis, or some acute

infections sueh as typhoid fever and gonorrhea.

Convalescence.—With the termination of the fever the patient finds

himself, even after a relatively mild attack, marked]}^ depressed in

strength. As a rule, however, recuperation is rapid. Occasionally

convalescence is retarded by the occurrence of complications such as

malaria, furunculosis, and peripheral neuritis.

Relapse and second attacks.—A return of the fever and other symp-

toms characterizing an attack of yellow fever after convalescence has

been established is rare. Cases of relapse have, however, been

observed after an interval of 2 or 3 days to 2 weeks or a month. It

is a question whether so-called relapses occurring after an interval of

2 weeks or a month should not more properl}^ be considered second

attacks.

As a rule with but very rare exceptions one attack of the disease

confers immunity on the individual for life. Nevertheless, there are
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on record some fairlj'^ convincino- instances of a second more or less

grave attack a year or longer after the first.

DIAGNOSIS.

The increase in knowledge concerning the etiology of various com-

municable diseases and the improvement in methods devised for their

recognition have been followed, among other things, by a broaden-

ing of our conceptions relating to .the degrees of severit}^ which they

ma}" assume. Thus when, for example, we speak of tA^phoid or

cholera we think not only of the severe classical types, but we have

in mind also those mild and irregular forms which are recognizable

only ])ecause of the improved tests which are at our conunand.

We now know that, like cholera and typhoid, yellow fever also mani-

fests itself in all grades of severity; but unfortunatel}^, unlike the

former, we have no test whereby in an}' particular case we can say

definitely that this is or is not yellow fever. The recognition of this

fact is of the very highest importance with respect to prevention, for

it makes it imperative that in infectible regions every case of fever,

however mild, should be considered as potentially yellow fever until

this disease can positively be excluded.

On taking charge of a case of fever the practitioner, in the South,

should therefore start wdth the assumption that he is dealing with a

case of yellow fever, and in fornmlating his final, definite diagnosis,

in which this disease is excluded, he must use the greatest care and

caution. The clinician must fix it firmly in his mind that yellow fever

is not excluded simply because he knows of no other previous case;

obviously he may be' dealing with the first case himself, or several

cases may have occurred in such as, for one reason or another, had

received no medical attention. Nor is yellow fever eliminated from

consideration because he fails to detect any so-called "characteristic"'

sign or symptom.

Ordinarily the combination of an acutefever with alhwninuria^jann-

dice^ an irresponsive ov divergent j)^dse^ a tendency to hemorrJiage from
the mouth, and gastric irritahlUty^ with no material alteration in the

size of the liver and spleen, should leave no doubt in the observer's

mind as to the nature of the disease with which he is dealing.

The diseases with which yellow fever may be confused are malaria,

hemoglobinuric fever, dengue, gi'ippe, bubonic plague, typhoid fever,

acute yellow atrophy of the liver, Weil's disease, and relapsing fever.

Malat'ia.^YeWow fever at times simulates certain irregular forms_

of malaria very closely, and in the absence of any known infection the

grave error of mistaking it for malaria has, not rarely, been com-
mitted. On the other hand, during epidemic seasons the mistake is

not infrequently made, both within and without.the infected zone, of

calling malaria vellovv fever.
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Careful examination of stained blood smears will show an absence

of the Plasmodia in the former group and their presence in the latter;

but while the absence of the plasmodium from the blood exckides

malaria in the first instance, its presence in cases of the second group

does not eliminate yellow fever from consideration. In these cases,

yellow fever should be excluded only after a careful stud}^ of the case.

Careful observation for several days after the adminstration of a few

doses of quinine, preferably subcu,taneously " or intravenously, may
be necessary. The abrupt decline in the fever coincident with the

disappearance of the parasites from the circulation following the exhi-

bition of the quinine in the manner indicated, with absence of albumen

from the urine or its presence only as a trace, with no jaundice and no

tendency to hemorrhage, may generally be interpreted as probably

excluding yellow fever. The mere decline of the fever after the

administration of quinine without a previous examination of the blood

to determine the presence of the malarial parasite does not exclude

yellow fever.

Ilemoglohlnuric fever.—This grave manifestation of malaria resem-

bles yellow fever in its abrupt onset, bilious symptoms, jaundice, and

albuminuria, but differs in being characterized by a rapid blood

destruction and enlargement and tenderness of the liver and spleen.

The blood destruction manifests itself by a reduction in the number

of the red corpuscles, low hemoglobin percentage, and by the red or

black color of the urine, due to the elimination of hemoglobin.

Dengue.—The differentiation between well-marked types of dengue

and yellow fever is a matter presenting no serious difficulty after the

first two or three days. The points of differenice most to be relied

on are the presence of an eruption and the absence of jaundice in

dengue. Albuminuria, which is so prominent a sign even in relatively

mild attacks of yellow fever, is slight and commonly altogether absent

in even quite sharp attacks of dengue. In the latter disease the per-

centage of the polymorphonuclear leucocytes is reduced whereas in

yellow fevTer it is more or less increased.

When, however, we come to deal with cases that are ill-defined,

cases that present no eruption (or in which none has been detected),

in which jaundice is doubtful or absent, and in which no albumin or

only a dubious trace of it can be detected, we encounter a very real

and serious difficulty in deciding as to which of the two diseases we

have before us. While it is of the very greatest importance to recog-

nize that we have no means of surel}^ identifying individual cases of

a The injection should be given into a muscle, not into the subcutaneous cellular

tissue. With good aseptic technique the intravenous injection is preferable. Give

1 gram (15 grahis) of the bimuriate dissolved in 1 cc. (15 minims) of distilled water

and repeat three times at 12-hour intervals; the solution and syringe must, of course,

be sterile.
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this type, nevertheless a chic to their nature will, as a rule, be discov-

ered if a careful study of a series of cases be made. In a group some

individuals are ver}- likely to be found that will show, if they are yel-

low fever, unmistakable jaundice and a degree of albuminuria quite

out of proportion to the mildness of the attack, whereas, if the}^ are

dengue, some cases will be found that will exhibit the characteristic

rash. In isolated instances, or until cases presenting distinctive symp-

toms are encountered, the observer will do well to suspend judgment

and not assume, as is too frequently done, that mildness of attack and

a failure to die are pathognomonic of dengue. He should remember,

also, that the two diseases may occur side b}- side, thereby multiplying

the difficulties of the problem and rcMidering caution imperative.

Chnppe.—An attack of influenza is characterized, as a rule, by

symptoms referable to a catarrhal condition of the upper air [)as-

sages. Cases in which these symptoms are marked hardly come into

consideration in the diagnosis of yellow fever. As with dengue it is

the less well-defined cases of influenza that counterfeit and are simu-

lated by mild and ill -defined cases of yellow fever; and much that has

been said concerning the diagnosis from dengue is here also applicable.

Biihonic i^lague—In localities where j'ellow fever and plague pre-

vail, and at quarantine stations in connection with vessels from such

ports, the question of differentiating the two diseases ma}' arise.

Clinically there is only a very superficial resemblance between the

two, but in all cases of doubt a careful bacteriological examination

shoidd be made of the sputum, blood, or aspirated juice from enlarged

glands; the latter, by the way, are but very rarely met Avith in uncom-

plicated yellow fever, while in plague they are not onl}' enlarged but

inflamed and the surrounding tissue infiltrated.

Tijphold fever.—Early in the disease typhoid may be mistaken for

yellow fever, but the resemblance is slight and observation of the

patient for 3 or -i days will be certain to resolve any doubts. At
this stage the general appearance and the increasing jipathv of the

patient are distinctive. The temperature is a gradually ascending one

or has reached the fastigiuui, and the pulse, though not fast, follows

the daily oscillations of the fever and does not, as in yellow fever,

tend to become slower from day to liny. Jaundice is, at best, but a

rare complication of typhoid and ma}' be said almost never to occur

early in the disease. The urine frequently gives the diazo reaction,

and at this time is usually free of albumin, though occasionally traces

of the latter constituent may be met with; nephritis is a late and not

common complication of typhoid fever. The bacillus of Eberth may
be isolated from the blood.

In an attack of yellow fever of three or four days duration and with

a corresponding elevation of temperature the combination of symp-

toms distinctive of a well-defined attack of this disease would be clearlv
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manifested. In some of the severer forms of yellow fever the tem-

perature is occasionally prolonged for two to three weeks, and some

of the accompanying symptoms are, in some of these cases, suggestive

of typhoid. Typhoid fever, in the second or third week, will give

the Widal reaction and Eberth's bacillus may be isolated from the

blood. These are, of course, absent in yellow fever.

Acute yellow atrophy of the Hi'er.—This is a very rare disease. It

occurs most commonly in women, and in these more particularly dur-

ing pregnancy. The disease is ushered in like a case of catarrhal

jaundice. A marked and rapid reduction in the size of the liver is

distinctive.

In yellow fever the size of the liver is unaffected. In malignant

jaundice all)uminuria is of frequent occurrence, but it is not as marked

nor as constant as in cases of 3'ellow fever of the same degree of viru-

lence. The duration of over 75 per cent of the recorded cases of

"

malignant jaundice has been in excess of seven da3's; the duration of

almost 75 per cent of the cases of yellow fever does not exceed seven

days. An early fatal termination in such a case would decidedly favor

a diagnosis of j^ellow fever, but a later termination should not, how-

ever, be regarded as excluding yellow fever.

WeWs dhease.—'Y:\y\s, disorder is characterized by fever, intense

jaundice, swelling and tenderness of the liver, diarrhea, notable

enlargement of the spleen, and nephritis. In yellow fever neither

liver nor spleen are enlarged, a tendency to constipation is the rule,

and in cases of a corresponding grade of severit}^, the hemorrhagic

symptoms are likely to be more marked and to appear earlier.

EeJapsIng fever.—The presence of the Spirochdeta of Obermeier in

the blood is distinctive.

Catarrhal jaundice.—This maj^ in some instances have to be consid-

ered. In this condition the jaundice appears with little or no elevation

of temperature, preceded ])y slight, if any, symptoms of indigestion

and accompanied by clay-colored stools. In yellow fever the jaundice

appears after at least two or three days of fever and will be accom-

panied by the other sjauptonis characterizing a well-defined attack;

the stools are not clay colored.
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