
I N F E C T I V I T Y  OF BLOOD D U R I N G  T H E  COURSE OF 
E X P E R I M E N T A L  Y E L L O W  F E V E R  

BY N. PAUL HUDSON, M.D., AND CORNELIUS B. PHILIP 

(From the West African Yellow Fever Commission, International Health Division 
of the Rockefeller Foundation, Lagos, Nigeria) 

(Received for publication, May 18, 1929) 

A problem of impor tance  in the s tudy  and  control of yellow fever 

is the  period during which a pa t ien t  m a y  be a source of infection 

through the  bites of mosquitoes.  

Work on this question was initiated by members of the American Commission 
in Cuba (Reed, Carroll, Agramonte and Lazear (1)) who carried the disease from 
person to person by AMes aegypti which originally became engorged on the first 
to third days of a patient's illness. Similarly, the French Commission in Brazil 
(Marchoux, Salimbeni and Simond (2) and Marchoux and Simond (3)) found 
that yellow fever could be transmitted to volunteers by mosquitoes fed on the 
first, second and third days of disease and by blood or serum from a patient in 
the same period. More recently, several workers have been able to study the 
question of blood infectivity in human cases by the use of Macacus rhesus as the 
experimental host. Bauer and Hudson (4) report that a lot of A. aegypti fed on 
a human case 12 hours after onset of illness transmitted yellow fever to monkeys, 
while a lot fed 36 hours after onset and the same period before death failed to 
transmit it, although blood coincidentally withdrawn and injected into another 
monkey induced a fatal attack. Mathis, Sellards and Laigret (5) infected 
monkeys by means of the bites of mosquitoes which had been fed upon a patient 
at the end of the first day of acute illness, and also by the injection of blood 
withdrawn at the same time. AragAo (6) records the results of injecting monkeys 
with patients' blood during the recent epidemic in Rio de Janeiro. He was 
able to infect 8n~mals fatally with blood procured at v~rious times up to 72 hours 
after the beginning of illness, but not later; nor could he transmit the disease 
by the inoculation of blood and organ emulsions obtained at necropsy. 

The  foregoing observat ions  indicate a general agreement  on the 
infect ivi ty  of blood in human  cases during the  first three  days  of 
illness. Whe the r  the virus is in the circulating blood before the onset  
of fever  has been, of necessity,  less readily determined.  Marchoux  
and Simond (3) repor t  tha t  in human  beings their  a t t e m p t s  to t r ansmi t  

583 



584 IN-~ECTIVITY OF BLOOD DURING YELLOW FEVER 

the virus by  means of mosquitoes fed during the incubation period 
of yellow fever were unsuccessful. Kuczynski  (7) has recently s ta ted 
tha t  the virus does not  circulate in the blood during the incubation 
period, either in man  or monkey.  

The  cardinal features of the human disease are reproduced in 
Macacus rhesus. With  the purpose of throwing fur ther  light on the  
nature  of the disease and the behavior  of the virus, we have a t t empted  
to repeat  and enlarge upon the experiments just  referred to. Other  

TABLE I 

The Temperature Record of Monkeys after Infecting 

Days 
dter inoc- 
ulation 

9 
10 

Monkey A 

A.M. P.M. 

103.5 103.5 
105.5 105.5 
104.9 105.9 

101.6 103.9 
99.2 103.8 

103.1 104.9 
Dead 

Monkey B 

A.M. P.M. 

102.8 101.8 
102.2 102.2 
102.0 105.1 

102.9 105.4 
98.9 101.8 

102.0 102.2 

103.7 104.8 
102.0 104.5 

Dead 

Monkey C 

A.M. P.M. 

102.8 102.8 
102.0 102.6 
102.0 103.6 

103.5 103.6 
101.9 103.8 

I 

102.5 I 103.3 

102.4 103.7 
104.9 105.1 

105.4' 105.1 
96.9 95.0 

Dead 

Monkey D 

A.M. P.M. 

102.1 101.9 
102.3 103.1 
104.3 103.8 

Dead 

Monkey E 

A.M. P.M. 

103.1 103.1 
102.2 102.5 
104.1 104.2 

104.2 104.3 
99.8 102.9 

Dead 

advantages  to be derived from these experiments are in connection 
with such labora tory  procedures as the transmission of disease, 
maintenance of strains and, possibly, the prepara t ion  of "vaccines ."  

Five  monkeys were infected with the Asibi strain of yellow fever, 
three by  the bites of A. aegypti and two by  the injection of monkey  
blood-virus. At tempts  were made to t ransmit  the virus from these 
animals a t  24-hour intervals from the t ime of inoculation until  death,  
by  exposing them to batches o fA.  aegypti and by  the injection of blood 
di rec t ly  into o ther  monkeys.  In  two instances, the same procedures  
were followed a t  the  end of the first 12 hours  as well. Af ter  appro-  
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pr ia te  periods,  the  mosqui toes  were allowed to  b i te  no rma l  m o n k e y s  
to  t es t  thei r  in fec t iv i ty .  

T h e  resul ts  are summar ized  in char t s  which p lo t  also the  highest  

dai ly  t empe ra tu r e s  of each animal ;  these readings,  wi th  only  four  
exceptions,  are  the  a f te rnoon records. The  morn ing  and a f t e rnoon  
t empera tu re s  are  t a b u l a t e d  in Tab le  1. 

EXPERIMENTATION 

M. rhesgs A was injected with blood-xdrus, and on the second and third days 
after inoculation showed a marked febrile reaction. On the following two days, 
the temperature dropped. A terminal rise occurred on the day of death which 
was the sixth after inoculation. Each day and immediately postmortem, 
mosquitoes were fed on this animal and 0.5 cc. and 0.05 cc. blood were injected 
directly into other monkeys. The necropsy findings in A were typical of experi- 
mental yellow fever. 

The temperature curve and results of attempts at transmission of disease are 
presented in Chart 1. This animal proved infective for mosquitoes fed from 24 
to 96 hours after inoculation, but subsequent feedings gave negative results. 
Eleven of the twelve insects originally exposed at the first 24-hour interval failed 
to produce disease in a test animal 13 days after their original feed, but the same 
an{rnal died when bitten 11 days later by 9 of these insects. A threatening 
epidemic in the next lot, fed at the febrile onset, necessitated exposure of the 
test animal on both the eleventh and fourteenth days after the original engorge- 
ment. I t  is interesting to note that one insect of this lot later caused fatal 
yellow fever by merely plunging its proboscis through the skin of a test rhesus, 
apparently without obtaining blood. Epidemics among the mosquitoes during 
the study of this and the following monkey necessitated varied and somewhat 
short periods of incubation in the insects to obtain a maximum longevity and 
number of bites. When the monkey was exposed to mosquitoes just postmortem, 
its peripheral circulation was so impaired that only one insect became engorged 
by feeding on a dependent part of the body. 

Fatal attacks were caused by both doses of blood (0.5 cc. and 0.05 cc.) drawn 
on the first to fourth days, inclusive, after inoculation. Only the smaller amount 
on the fifth day induced fatal disease. On the day of death and at necropsy, 
the subinoculations were negative except for febrile reactions in three of the 
four monkeys. 

M. rhesus B was infected by the bites of 9 A. aegypti and ran a typical course 
with death occurring on the eighth day. After 2 days of incubation, the animal 
registered 2 days of fever, followed by 2 days of low temperature and finally by 
the same period of thermal elevation. Each day and at the point of death, the 
monkey was exposed to separate batches of mosquitoes and 0.5 cc. and 0.05 cc. 
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blood were subinoculated directly into other animals. The animal died of yellow 
fever, displaying the usual pathologic lesions. 

Chart 2 outlines the results of attempts to transmit the disease, in relation to 
the temperature and course. Mosquitoes fed on the second to fifth days trans- 
mitted yellow fever by bite to test animals. The lots fed the days before and 
after the febrile period failed to induce infection after 13 and 10 days incubation, 
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CHART 1. M. rhesus A 

respectively, but killed the same test animals when fed at 25 and 20 days. The  
two lots fed during fever transmitted the disease by bite at  their first tests, 12 
and 10 days after the original infective feed. 

At the 24-ho!~r interval after infecting, fatal results were obtained by the 
subinoculation of 0.5 cc. and not of 0.05 cc. From the second to the seventh day,  
inclusive, both doses successfully transmitted the disease. At  necropsy, the 
smaller, and not the larger dose, was fatal. 
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M. rhesus C was bitten by 2 A. aegypti of an infective lot. The course ot 
disease was quite different from the two preceding monkeys, and yet  a course 
often seen in experimental yellow fever. After 2 days of incubation, the tem- 
perature rose to 103.6 ° to 103.8 ° on the third to fifth days, followed by a slight 
drop (103.3 ° and 103.7 °) on the next 2 days. On the eighth and ninth days, 
the monkey registered temperatures above 105 ° and on the" tenth went into 
collapse and died. A. aegypti were fed and subinoculations were made daffy, as 
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CRAFT 2. M. rhesus B 

in the case of the previous monkeys, death occurring just after the last exposure 
to mosquitoes. The necropsy findings were typical of yellow fever in th e monkey. 

Chart 3 gives the daffy temperature after infecting, as well as for the six pre- 
ceding days, and the results of attempts at  transmission. I t  is seen that  the 
mosquito lots fed on the second to sixth days acquired infectivity. All of these 
lots were given a testing feed at  10 and 13 days after their original engorgement 
and if negative, subsequently at  varying intervals. The third-day lot, only, 
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transmitted the disease at 10 days and the fourth and fifth at 13 days. Five, 10 
and 6 insects of the 22 originally engorging on the second day, failed to infect 
test anims]s after 10, 13 and 34 days, but 10 of these insects induced fatal yellow 
fever 25 days after their infecting feed. The sixth-day lot failed to transmit by 
bite at 10, 13 and 24 days but later produced fatal disease when killed and in- 
jected, the number of specimens involved being 15, 9, 10 and 10, respectively. 
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CHART 4. M. rhesus D 

Only the larger subinoculated dose of blood (0.5 cc.) was fatal on the first 
2 days after infecting. From the third to the sixth day both doses transmitted 
the disease fatally and on the seventh day, both amounts failed to kill. The 
two subinoculated animals died from the injections of the eighth day, and the 
monkey injected with the larger dose on the ninth day succumbed. Blood drawn 
at death was not fatal in either test animal. 

M. rkesus D was infected by inoculation with monkey blood-virus. The 
course of the disease was fulminating, the animal dying with typical pathologic 
findings 82 hours after inoculation. Fever was registered only late in the course. 



590 INPECTIVITY OF BLOOD DURING YELLOW FEVER 

Transmissions were attempted with mosquitoes and blood at the end of 12 hours, 
as well as at the usual 24-hour periods. 

Chart 4 presents the results in relation to the temperatur, e record of the monkey 
studied. I t  will be noted that all lots of insects picked up the virus at each 24- 
hour feeding, the last being 10 hours before death. Transmission with the first 
lot was accompli~shed only by the injection of macerated insects; the injected 
monkey recovered, but a subinoculated animal died of yellow fever. By feeding 
33 insects of the 24-hour batch after 13 days incubation, the disease was fatally 
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CHART 5. M. rhesus E 

transmitted, the 10 and 16-day tests, in which 34 and 31 mosquitoes, respectively, 
were used, being failures. The 48-hour lot induced infection at the 13-day test, 
hut failed at 10 days, the latter animal later proving insusceptible to virulent 
material. The lots fed on this and the following monkey were manipulated so 
that by segregation of the insects engorging at the first test-feed, subsequent 
feeds by previously tested insects were insured. 

All blood subinoculations were fatal, employing 1 cc. and 0.5 cc. doses at the 
end of the first 12 hours and 0.5 cc. and 0.05 cc. at the 24-hour intervals. 
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M. rhesus E was infected by the engorgement of 5 A. aegypti and displayed the 
usual course of experimental yellow fever and typical postmortem findings. 
On the third and fourth days after infecting, the temperature was the highest 
(104.3°), preceded by a two-day incubation period and followed by a lowered 
temperature on the day of death. As with M. rhesus D, blood subinoculations 
were made at the end of the first 12 hours as well as at the 24-hour intervals; 
batches of mosquitoes were fed, however, only at the regular one-day periods, 
the last engorgement occurring 9 hours before death. 

The results of the tests are recorded in Chart 5, together with the temperatures 
before and after infecting. All mosquito batches fed on this rhesus became 
~ufective with the exception of the first-day lot which failed to produce disease 
either by biting or injection. All tests after incubation periods of 10 or more 
days in the mosquitoes were successful, excepting the failure to produce disease 
by the fourth-day lot in an animal later shown to be insusceptible. The fifth- 
dav batch became infected 9 hours before the death of the animal. 

Neither dose of blood subinoculated at the end of the first 12 hours induced 
fatal yellow fever, and 24 hours after infecting, only the larger amount (0.5 cc.) 
was lethal. Blood drawn the second day transmitted fatal disease in 0.5 cc. 
and 0.05 cc. On the following 2 days, corresponding to the febrile period, the 
larger dose was effective. On the last day, 10 hours before death, 0.05 cc. trans- 
ferred the disease fatally, the monkey that received the larger dose showing a 
delayed fever and recovering. 

DISCUSSION 

In order to interpret the results of these experiments, it is desirable 
to consider the course of experimental yellow fever in M. rhesus. The 
interval from the time of inoculation until death we have called the 
course of disease in the experimental rather than in the clinical sense. 
Clinically, it is difficult to compare the period of symptoms in the 
monkey with that in man. In the monkey, malaise and loss of 
appetite do not usually begin until a day or so before death. Vomiting 
rarely occurs and only when the animal is moribund. To determine 
the acute disease in rhesus monkeys, the urine findings and temperature 
records are alone available, but the examination of urine is not 
practical as a matter of routine. As regards temperature, various 
factors, such as a concurrent infection and excitement due to handling, 
may alter the reading. However, fairly reliable results are obtainable 
and records can usually be depended upon when the pre-inoculation 
temperature, the degree of apparent excitability and the presence of 
emaciation or diarrhea are taken into consideration. 
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For practical purposes, under the conditions existing in Nigeria, we 
have considered as fever a temperature of 104°F. or more, occurring 
after the expected period of incubation. Upon analysis of the records 
of 606 monkeys that  died of yellow fever, only 3.8 per cent failed to 
reach this arbitrary limit and 1 per cent showed no registered rise, 
although it is possible that  a brief thermal elevation may have occurred 
unrecorded. In considering an individual monkey, however, any 
appreciable rise may be significant. 

In  the application of these experimental results to the problem of 
yellow fever in man, the temperature records and the final outcome 
may profitably be compared. The five monkeys presented courses 
varying in length and with different thermal curves, but all were 
within the variations commonly observed in the experimental disease. 

I t  is obvious that the multiplication of the virus in the body of the 
susceptible animal is extremely rapid, subinoculations of blood at the 
end of the first day regularly causing fatal disease in other monkeys, 
the same results being obtained at the end of the first 12 hours in the 
only blood-infected monkey tested at so short an interval. By the 
use of even a more delicate intermediary, the mosquito, the virus was 
transferred from mosquito-infected monkeys by bite at the end of the 
second day and from blood-infected animals as early as 24 hours after 
infecting. Moreover, high fever was induced in a test animal injected 
with insects fed on M. rhesus D 12 hours after its inoculation with 
blood-virus; although it recovered, a subinoculation during this fever 
resulted in fatal yellow fever in another rhesus. In considering these 
results in relation to the onset of fever, the virus proved by blood 
subinoculations to be in the circulating blood one and two days before 
fever. Of even greater interest is the fact that  the virus was suffi- 
ciently highly concentrated for A. aegypli to become infective in 
every case on the day before the febrile onset. 

In view of this early massive invasion of the animal host by virus, 
it is not surpridmg that  the blood infectivity should continue through 
the febrile period. This was found to be true when infection was 
caused by mosquitoes as well as by blood injections. The two 
monkeys that received the smaller amounts of blood from M. rhesus E 
during its fever are the only recoveries from tests during this period; 
since mosquitoes coincidentally fed became infective, these failures 
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were probably due to incidental relative insusceptibility of the 
injected animals. 

The thermal curves varied among the rhesus after the primary 
febrile period and are comparable to the variation seen among human 
cases at the corresponding interval. In the rapidly fatal course of 
M. rhesus D, the virus persisted in high concentration and was carried 
by blood and mosquitoes up to 10 hours before death, which was the 
final period of test. The same results were obtained from M. rhesus E, 
even thotagh death occurred 36 hours after the last registered fever, 
except that  only the final smaller dose of blood (0.05 cc.) was fatal. 
In the other instances, death occurred on the sixth, eighth and tenth 
days and was preceded by terminal rises in temperature. The 
mosquitoes did not become infective from these animals during the 
latter days and blood subinoculations were variable in result. I t  
appears that  in courses of longer duration, the virus tends to disappear 
from the circulating blood before death. 

I t  should be noted that in the case of M. rhesus C, death of the 
animals did not result from the subinoculations of blood drawn the 
day before the terminal elevation in temperature, but  on the two 
following days, blood caused fatal attacks in three monkeys. This is 
the only indication in these experiments of a possible reinvasion of the 
host by the virus coincident with a terminal fever. Of interest also 
is the fact that in three of the five monkeys on the last  day of infec- 
tivity, only the smaller of the two doses used produced fatal infection. 
This occurred with material obtained in one case at necropsy, in 
another 9 hours before death and in a third instance 29 hours ante- 
mortem. Two explanations suggest themselves: either by chance the 
monkeys receiving the larger dose were relatively less susceptible, or 
at injection substances were transferred that  protected the monkey 
or locally were inimical to the contained virus before the absorption 
of the larger amount ot inoculum.* 

* Hindle in a paper that has just come to hand (Trans. Royal Soc. Trop. Med. 
and Hyg., 1929, 22, 405) makes the suggestion that "--when large quantities 
of infective blood are used, the injection of the serum containing immune 
bodies at the same time as the virus may help the animal to recover from in- 
fection." We may also refer to two rhesus in these experiments injected with 
blood taken on the ninth day from the monkey that had been inoculated with 
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The results presented here from animal experimentation agree with 
those obtained by the study of human yellow fever in that  the blood 
was found infectious and the virus transferable by mosquitoes for at 
least three days within the febrile period, except from M. rhesus D 
which died after the short interval of 82 hours after inoculation. They 
show also that infectiVity for mosquitoes lasted longer than the initial 
rise in temperature and in two instances persisted to within a few 
hours of death. 

Of more importance is the fact, demonstrated by these experiments, 
that even before the onset of fever, the virus was of sufficient concen- 
tration to infect mosquitoes. M. rhesus has proved to duplicate the 
fundamental features (clinical, pathological and biochemical) of the 
human form of disease and there is reason to believe that  the nature of 
the virus invasion is the same in man and monkey. If this is true, 
the results here obtained point to a better understanding of the condi- 
tion in man and indicate a rational basis of study of some phases of 
human yellow fever. A close inquiry into the movements of a human 
case before onset of illness is suggested in order that his quarters 
might be freed of mosquitoes and the persons exposed detected and 
possibly treated with convalescent serum as a prophylactic measure 
(Bauer and Hudson (4)). Such precautions could be further extended 
to the careful observation and screening of previously exposed indi- 
viduals. West Mrican natives have yellow fever in variable degrees 
of severity, from mild, almost unrecognizable attacks to less often 
s4vere and fatal illnesses. Thisbeingthecase,malaise and prostration 
are less commonly met than in Western Hemisphere subjects and an 
African native may be up and about while having a fever. Applying 
to these conditions the evidence furnished by the experiments reported 
here, the African patient is probably a source of infection for mosqui- 
toes for one or more days before coming under the observation of those 
in charge of control work. 

I t  has been hoped that  immune serum would be effective thera- 
peutically in human yellow fever. If this proves not to be the case, 

the first lot of mosquitoes fed on M. rhesus D (Chart 4). Mter exhibiting pro- 
longed incubation periods, the animal that had received 0.2 cc. blood suc- 
cumbed to yellow fever, while the other injected with 1 cc. had a febrile attack 
and recovered. 
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the explanation may be found in the fact that  the virus appears to 
multiply with great rapidity, and invasion is early complete in the 
blood and perhaps in the tissues as well. Furthermore, in the study 
of material from monkeys killed on the first day of fever, we have 
regularly found, as.has been reported by Arag~o (6), that  there is 
tissue damage in the form of marked fatty degeneration of the liver 
and sometimes of the heart musculature and beginning necrobiosis 
of hepatic parenchymal cells. Occasionally, also, albumin and casts 
are present in urine on the first day of fever, in the monkey as well 
as in man. 

I t  has long been supposed that human necropsy material is non- 
infectious and we have met no record of fatalities attributable to 
postmortem examinations of yellow fever cases. Arag'~o (6) obtained 
negative results by injection of monkeys with necropsy blood and 
tissue emulsions. These observations point to a difference in the 
persistence of the virus in man and monkey since rhesus postmortem 
blood and tissues are often infectious. 

By these tests we have attempted to gain information on the nature 
and activity of the vi rus .  The fact that the blood was fatally infec- 
tious as early as 12 hours after infecting up to death indicates simple 
multiplication of blood-virus rather than phases of development in 
the sense of metamorphosis. On the other hand, it does not explain 
the period of incubation necessary for the mosquito to become infec- 
tive, whether by a cycle of development, multiplication, or penetra- 
tion to the cephalic region. Bauer and Hudson (8) have shown by 
the injection of macerated mosquitoes that  the virus is in an infective 
state throughout the incubation period in the insect. If, as seems 
unlikely, there is a change in morphology of either the mosquito-virus 
or blood-virus, each stage is infectious and the pathology and course 
of disease induced are the same as obtained under the usual conditions 
of virus transfer. 

In connection with mosquito transmission, some features seem 
worthy of particular mention. Test feedings of lots of mosquitoes 
originally fed on monkeys A and B were made after varying periods of 
incubation, in several cases owing to rapid enfeeblement among the 
small number of insects. Particularly in tests of lots from M. rhesus B 
were there suggestions that the shortness of the incubation period 
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might be roughly proportional to the virus concentration in the donor 
animal. Those insects led during the 2 days of fever transmitted the 
virus after 12 and 10 days, respectively, whereas the mosquitoes fed 
the days before and after fever failed at 13 and 10 days; and the 
latter lots tested on the same monkeys later induced fatal yellow fever. 
This idea seemed corroborated when studied systematically through- 
out the infective period of the course in M. rhesus C by test-feeding 
after 10 and 13 days incubation. The only lot transmitting at the 
shorter period was that  fed at the initiation of fever on the third day 
after infecting the donor animal. The reasons for the iailures of the 
infective lots originally fed on the second and sixth days are not 
apparent but it seems probable that  only a small proportion of the 
mosquitoes were able to acquire an infection because of the low con- 
centration of the virus at these times. 

The rapidity of the courses in monkeys D and E did not allow for 
much illumination on these points. While insects fed at the height 
of registered fever in the former were the only ones transmitting the 
disease at 10 days, all but one of the infective lots fed on M. rhesus E 
transmitted at this period. I t  is remarkable that all infective lots 
fed on this animal, with the one exception, fatally transmitted the 
disease after 10 days irrespective of the time of original feeding. I t  
is possible that  feeding these lots after even shorter periods might 
have shown the same difference in rapidity to become infective as 
demonstrated in the previous experiments, especially since the mean 
atmospheric temperature (85.3°F.) was 10 degrees higher during the 
incubation periods than that  for the first two series and 5 degrees 
above the mean during the incubations of the lots fed on 21I. rhesus C. 

The failures of transmission by lots fed on the fourth day on mon- 
keys C and E at the 10-day tests (see Charts 3 and 5), and on the first 
and second days on M. rhesus D at the 10 and 16-day tests, respec- 
tively (see Chart 4), are explained by the insusceptibility of the tested 
monkeys, as shown by later resistance to known virulent material. 
I t  should be noted here that all tests in these laboratories to date, 
using infected A. aegyptl after 9, 10 and 11, as well as the accepted 12 
days of incubation, have been, positive in a total of 20 susceptible 
rhesus when the insects were originally fed at least during the fe- 
brile period. 
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The scope of the present study could hardly include more than a 
brief series of tests regarding the relation of the incubation in the 
insect host to the virus content of the donor animals. Evidence in 
three of the five groups of mosquito lots studied appears to indicate 
that  when fed before or after the febrile period, there is not only a 
reduced proportion of infective mosquitoes of each lot, but an increased 
period required for the insects to become infective by bite. I t  is 
probable that  the incubation periods in the insect host will be found 
to be influenced by temperature, but variations in transmission among 
the lots of any one series in the present experiments are not attributable 
to this factor. The greatest difference in the temperature means 
computed on a 2-hourly basis for the various lots was only 1.5 degrees. 

Certain quantitative considerations in regard to the virus are 
brought out in several phases of these experiments. The animals 
injected with blood-virus showed a more rapidly fatal course here than 
did those infected by the bite of mosquitoes--a fact which has been 
observed in a large number of other tests. Similarly, blood subinocu- 
lations transferred the virus earlier and later in the course of disease, 
than did the insect host. The monkeys subinjected with blood died 
after varying intervals, but upon analysis it was found that in general 
the number of days before death depended upon the stage-of the 
disease of the donor animal. The shortest average intervals (5.3 days) 
was shown by the 20 monkeys injected with blood of the febrile 
period, the next longer interval (6.5 days) by the 14 that received blood 
of the incubation period, and the longest (8 days) by the 16 inoculated 
with post-febrile blood. We have not found in other experiments 
that  lethal doses of blood induce intervals before death depending in 
length on the size of the inoculum, except rarely when the minimal 
lethal dose is approached. When the result of the larger dose was 
compared with that  of the smaller dose in these tests, the average 
intervals before death were the same, 6 days, in 27 and 23 monkeys 
in each group, respectively. We conclude, therefore, that quantitative 
factors did not control the time-result of injections of blood drawn 
during the periods of disease. I t  appears, rather, that the results 
depended on the "activity" of the virus or its ability to establish 
itself in the subinoculated animals, which was contingent on the stage 
of disease in which the virus was taken. The same considerations in 
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connection with mosquito transfers of virus did not reveal any relation 
between the number of mosquitoes or time of original feeding and the 
character of the course in the test animals. 

These experiments suggest assistance in following certain laboratory 
procedures connected with the study of yellow fever. For transfer 
of virus, blood may be drawn with the expectation of a positive result 
over a wider period than for the transfer by mosquitoes. Small 
amounts are preferable to massive doses late in the disease. Mos- 
quitoes appear to become infective by feeding throughout the febrile 
period. The proportion of an insect batch that  picks up the virus 
at other times is probably low. We have not compared the titratior~' 
of blood-virus and tissue-virus throughout the course of disease, but 
if the height of virus content of tissues corresponds with that of the 
blood, the optimum time for the preparation of tissue vaccine seems 
to be in the febrile period. If serum-virus is used for making vaccine, 
which has been found experimentally effective (Klotz and Hudson, 
unpublished), blood drawn during fever is undoubtedly desirable. 

SUMMARY 

Five M. rhesus fatally infected with yellow fever virus ran varied 
and typical courses, death occurring from 82 hours to 10 days after 
infecting. Batches of A. aegypti were fed daily on each monkey and 
specimens of blood injected into other animals. By mosquito transfer, 
the virus was found to be circulating in the peripheral blood 1 or 2 
days after the infecting and the same interval before the onset of 
fever; in one instance, mosquitoes became infectious by feeding on a 
monkey 12 hours after its inoculation. Mosquitoes continued to 
acquire infectivity during the febrile period and for 1 day thereafter, 
except in one instance when death occurred during fever which pre- 
vented post-febrile testing. By subinoculation of blood, the disease 
was transferred before and after, as well as during the same interval 
as in mosquito transmission. In one of two attempts, the virus was 
carried by this means as early as 12 hours after the donor animal was 
infected. Following the first day of the post-febrile period, blood 
transmissions were irregularly fatal beyond the period infective 
for mosquitoes. 

These results point to a remarkably rapid multiplication of the virus 
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in the animal host, in one case a blood subinoculafion (0.5 cc.) being 
successful at the first test 24 hours after the donor monkey was bitten 
by only 2 A .  aegypti. The regular acquisition of infectivity by  
mosquitoes fed during the incubation period is of especial interest in 
indicating the infectivity of human cases for mosquitoes before the 
appearance of clinical symptoms. This offers one explanation for 
the insidious propagation of epidemics o~ yellow fever and should be 
useful in the institution of control activities during an outbreak of 
this disease. 

We wish to express our gratitude to Dr. Henry Beeuwkes, Director, 
for giving us helpful suggestions and for placing at our disposal all 
materials necessary for these experiments. 
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