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hr after a prolonged fast is strikingly similar 
to the hemodynamic effect of thyroid powder 
but i t  is not due to increased thyroid activity 
according to the indices studied. 
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The endemicity of arthropod-borne viruses 
such as Western equine encephalomyelitis 
(WEE) and St. Louis encephalitis (SLE) in 
temperate areas indicates the probable exis- 
tence of a long-term arthropod or vertebrate 
reservoir of infection. Past studies have indi- 
cated that both avian hosts and mosquito vec- 
tors are essential in the summer transmission 
of many of these viruses. This paper reports 
the finding that WEE virus may persist as a 
chronic latent infection in experimentally in- 
fected birds and the epidemiological signifi- 
cance of this observation. 

Materials and methods. Wild birds of sev- 
eral species were trapped in the fall and win- 
ter of 1953 to 1956, leg banded with identify- 
ing numbers, and held in a molsquitoiproof 
outdoor aviary for the duration of the experi- 
ments. A pre-inoculation blood sample for 
antibody determination was obtained by jugu- 
lar puncture, and within a few days each bird 
was inoculated subcutaneously with 0.1 or 0.2 
ml of 100 to 15,800 mouse LD50 concentra- 
tions of BFS 1034, BFS 1703 or F 199 strains 
of WEE virus. The strains were originally 
isolated from naturally infected mosquitoes 
or mites and had been through 3 or 4 serial 
mouse brain passages. One or more post-in- 
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oculation blood samples were taken at  inter- 
vals of 1 to 5 months, and if possible a final 
blood sample was collected a t  autopsy. All 
blood samples were drawn by jugular punc- 
ture into a syringe containing heparin diluted 
in sterile phosphate buffer saline (pH 7.4). 
The concentration of heparin was 20 U.S.P. 
units per ml, and for each ml of blood 0.2 ml 
of heparin solution was used. Blood plasma 
was tested for neutralizing antibodies to WEE 
virus, and as a control for SLE neutralizing 
antibodies when sample size permitted. The 
neutralization tests were made in 2 1-day-old 
mice with a level of 50 MLDso of virus, and 
when sufficient plasma was available a second 
level of 500 &ILD50 of virus. Neutralization 
indices above 50 were considered positive, 10 
to 49 equivocal and below 10 negative. Birds 
were subjected to autopsy when found dead 
in the aviary or when sacrificed by bleeding 
out. When birds remained in good health, 
they were held for a minimum of 6 months 
after infection and a portion was then sacri- 
ficed for sampling at intervals extending to 10 
months post-inoculation. At autopsy sepa- 
rate sterile instruments were used for each 
bird but not for each organ sample. From 
each bird the following tissue samples were 
usually taken: brain, heart, kidney, spleen, 
lung, liver, lymph and whole heparinized 
blood. Occasionally fewer or additional sam- 
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ples were taken. Each tissue sample was 
placed in a separate sterile tube which was 
sealed in a gas flame and stored in dry ice un- 
til tested for virus. 

Virus tests were made by inoculating 1:2 to 
1 : s  dilutions of blood samples and approxi- 
mately 10% emulsions of organs into 21-day- 
old mice, 10-day-old embryonated chicken 
eggs. or chick embryo tissue culture. Organ 
emulsions were prepared by grinding the or- 
gans in a mortar with a diluent of 10% rab- 
bit serum in beef heart broth, pH 7.4, contain- 
ing 625 units of penicillin and 500 pg of strep- 
tomycin/ml. Suspensions were centrifuged at 
room temperature for 15 to 20 minutes a t  
2.500 rpm and the supernatant fluid used for 
inoculation. Each mouse was inoculated in- 
tracerebrally with 0.03 ml and intraperitone- 
ally with 0.09 ml of a sample. “Chick em- 
bryos” were inoculated with 0.1 ml by the 
amniotic route. In the last year of study. tis- 
sue culture tests similar to those described by 
\Velsh et al .(  1)  replaced the embryonated 
egg test. Trypsinized cell suspensions of 8 
to 1 1-day-old embryonated eggs were cultured 
in slanted stationary tubes. The test samples 
were inoculated in 0.1 ml amounts into the 
tubes immediately after the addition of the 
cell suspension. After incubation for 5 days 
a t  37”C, cultures were sub-passed for further 
establishment of the isolation as well as for 
confirmation of the absence of a cytopatho- 
genic virus. Any mouse exhibiting signs of 
encephalitis and sluggish or dead embryos 
were sacrificed and material was passed for 
establishment of isolations. The viruses iso- 
lated were identified by mouse or tissue cul- 
ture neutralization tests with specific immune 
sera. When quantities of the original organ 
suspensions of positive samples were sufficient, 
repeat isolations were attempted. 

Results. From Xovember 1953 through 
August 1956, 284 birds survived to be au- 
topsied and tested for virus one month or 
more after WEE inoculations. The 284 birds 
were distributed among 9 species as follows: 
98 tricolored blackbirds (- 1 gclaius tricolor) . 
18 red-winged blackbirds (~ lgelaius phoeni- 
ceus) ? 24 Brewer’s blackbirds (Euphagus cy- 
anocephalus) , 8 yellow-headed blackbirds 
(Xanthocephalus xanthocephalus) 69 cow- 

birds (Molothrus ater obscurus and M .  ater 
uter)  , 2 Chinese spotted doves (Streptopelili. 
c. chinensis), 4 1 house finches (Carpodacus 
mexicanus frontalis) and 24 English sparrows 
(Passer d .  domesticus). 

Data from isolations from 1 or more organs 
of 8 birds a t  intervals of 1 to 10 months post- 
inoculation are summarized in Table I. Lit- 
tle significance can be given to the predomi- 
nance of findings in male birds, as the major- 
ity. 192 of 284 studied, were males. A wide 
range of organs was tested in the anticipation 
that 1 or 2 might be found to be the primary 
sites of latent infection. There is no evidence 
of such localization, as 6 different tissues were 
positive in the 8 birds. The finding of posi- 
tive blood with other autopsy samples nega- 
tive may be a result of rather complete ex- 
sanguination by the jugular vein bleeding 
technic or failure to sample the organ of pri- 
mary localization. The limited quantity of 
test material precluded satisfactory repeat iso- 
lation tests on most of the positive samples; 
however, reisolations were successful in 3 in- 
stances. Review of laboratory records of iso- 
la tions revealed no circumstances that would 
have favored accidental laboratory contam- 
ination of samples. There was no correlation 
between the dates of introduction of newly 
infected birds into the aviary and the dates of 
autopsy of positive birds. The minimum in- 
terval was 2 months and the maximum inter- 
val was 10 months between dates of autopsy 
and prior introduction of newly inoculated 
1) i r ds . 

A total of 61 tricolored and red-winged 
blackbirds which were uninoculated, inocu- 
lated with normal mouse brain, or inoculated 
with SLE virus were introduced into the 
aviary in the course of these studies. The 
SLE inoculated birds were introduced 3 
months following a series of WEE birds. The 
birds not inoculated with virus were intro- 
duced concurrently with a W E E  inoculated 
series. Of these 61 “control” birds, 5 con- 
verted from a negative to positive WEE neu- 
tralization index during their 4 to 7 months’ 
residence in the aviary. These were all cap- 
tured wild birds of unknown history, but pre- 
vious infection with WEE virus was contra- 
indicated by one or more serum samples which 
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TABLE I. History of Western Equine Encephalomyelitis Isolations from Experimentally In- 
oculated Birds, 1953 t o  1956. 

W E E  serum neutrali- 
Days zation titers* Virus isolation historyt 

elapsed, 7 f  \ 
Species and date of inoc. to Pre- Post- Repeat 

inoculation Sex autopsy inoc. inoc. Autopsy Tissue Isolated in  isolations 

Brewer’s blackbird, 8 150 

Cowbird 8 178 

Idem 8 198 

11/10/53 

11/10/53 

Tricolored blackbird, 8 133 
2/9/54 

Idem, 11/3/54 8 55 

” , 11/29/54 8 306 
House finch, Q 245 

11/14/55 
English sparrow, 8 234 

11/14/55 

0 47 Dead 

0 0 50 

0 70 32 

0 0 24 

0 552 352 

0 260 139 
490 

0 

Gall Chick embryo 0 
bladder 

Lung Idem 0 

1’ Blood, 0 
lung 

Liver 9 9  

Brain Mouse & chick + 
Spleen Idem 

Brain Tissue culture 4- 

embryo 

Blood Idem + 
* Serum neutralization titers against SLE were all negative. 
t Other tissues routinely taken as described in the methods section were negative. 

were negative on the WEE neutralization test 
before the final positive sample. The only 
blood-feeding arthropods observed in the 
aviary were nasal mites and the bird mite 
Ornithonyssus sylviarum, neither of which are 
believed to be vectors of WEE virus. 

Discussion. This study demonstrates that 
a t  least one of the arthropod-borne viruses 
may persist in avian hosts for as long as 10 
months and that virus may recirculate in the 
blood stream subsequent to the period of ac- 
tive viremia. The obvious implication of this 
observaition is the potentiality of avian hosts 
with chronic latent infections to serve as 
long-term reservoirs and sources of virus in- 
fection for arthropod vectors. Additional 
studies are being directed at ‘the evaluation of 
this possibility. The pattern of virus isola- 
tions from naturally infected mosquito vec- 
tors under field conditions can be interpreted 
as supporting the hypothesis that there is an 
avian source of WEE virus in the winter 
mon ths ( 2 ) . 

Remarkably little attention has been given 
to the persistence of any of the arthropod- 
borne viruses in animal hosts beyond the pe- 
riod of acute viremia. The general assump- 
tion that the presence of neutralizing anti- 
bodies leads to what might be termed auto- 
sterilization of the host and particularly of 

the blood stream must be re-examined in the 
light of these findings. The recent reports of 
Downs(3) and Downs et a L ( 4 )  of the con- 
current circulation of yellow fever virus and 
neutralizing antibodies is of initerest in this 
regard. The current observation by Cham- 
berlain et aZ.( 5)  that SLE virus persisted in 
the gizzard of an experimental cowbird for 38 
days further supports the possible importance 
of birds as reservoirs as well as short-term 
hosts of these viruses. The earlier report of 
Webster and Clow(6) of SLE virus persis- 
tence for 4 to 6 weeks in the brain and spleen 
of resistant mice and the study of Slavin( 7 )  
in which SLE virus persisted for 162 days in 
the brains of passively immunized mice may 
be pertinent to the relationship of virus in- 
fection in resistant avian hosts. 

The possible development of WEE anti- 
bodies by 5 “control” birds is the only evi- 
dence we have of bird to bird transmission in 
the aviary. These apparent conversions may 
represent errors of the neutralization test as 
there was insufficient serum to permit con- 
firmatory tests. 

A more detailed report of WEE and SLE 
latent infections in experimentally and na- 
turally infected birds and evaluation of their 
ability to serve as sources of vector infection 
will follow completion of current studies. 
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Summary .  Western equine encephalomye- 
litis virus was isolated from tissues of 8 of 
284 birds a t  intervals of 1 to 10 months after 
experimental infection. Isolations were from 
Brewer's blackbird, cowbird, tricolored black- 
bird, house finch and English sparrow. Posi- 
tive tissues were blood, spleen, liver. lung. 
brain and gall bladder. The potential impor- 
tance of birds as long-term reservoirs of virus 
and sources of vector infection should he de- 
termined. 
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Acquired Tolerance to Skin Homografts in Mice of Different Strains.* 
(23863) 

Actively acquired tolerance for homologous 
skin transplantation in mice and chickens has 
been achieved by exposure of these animals 
during fetal life to living cells from adult an i -  
mals of the homologous strain ( 1.2 } . These 
findings were confirmed in rats(3.4). How- 
ever. since inbred strains of rats were not 
available. tolerance to homologous skin in this 
species was obtained when the skin trans- 
planted came from the donor of the spleen 
used to induce tolerance. 

Recently Billingham and Brent ( 5 )  reported 
that approximately 80% of A mice injected 
intravenously with spleen cells no later than 
24 hours after birth from an adult CBA mouse 
became tolerant to skin homografts taken irom 
mice of the same stock. In contradistinction 
only one-half of similarly treated CBA mice 
became tolerant to A skin when spleen cells 
from the latter were used to induce this phe- 
nomenon. Moreover, when the ('H.4 -+ AU 
donor host combination was used, not a single 
A U  animal tolerated the CH-1 skin. 'These 
_____~__ 
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results would indicate the presence of strain 
differences in susceptibility to the induction of 
acquired tolerance. 

Tt is the purpose of this report: 1. T o  docu- 
ment our confirmation of the observation of 
the British workers that tolerance to subse- 
quen t homotransplantation may be produced 
in mice by intravenous injection of spleen cells 
in the neonatal period. 2.  T o  present experi- 
mental observations which indicate the exis- 
tence of strain differences in capacity of the 
donor cells to induce tolerance as well as ca- 
pacity to develop tolerance as indicated by the 
Kritish workers. 

Method. Highly inbred mice of the A, Ce? 
%(C3H), C57 Bl(Sub1ine l ) ,  CBA, BALB/C 
and ZC'e F1 and ZBCIS hybrids were used. 
Acquired tolerance was induced by the method 
recommended by Billingham and Brent (6,7) 
consisting of the intravenous injection of vi- 
able spleen cells into newborn animals no 
later than 24 hours after birth. Cells to be in- 

$ ZHC hybrid mice are obtained in the following 
\\.a? : 

A 0 x Z(C3tH) 8 
.1 

A 2  F, 0 x Z(C3H)a  ZBC 


