


TABLE 1. Nosyuito ailti Sixtke Conibiriatioiis in Hibrriin tion C1:rge. - 
Coinpnrtnient 1 Pompnrtment 2 Pnmpartrrient 3 

No. Date No. Date No. Date 

l-day-old chicks were obtained from the Com- 
municable Disease Center, Greeley, Colo., 
through the courtesy of Mr. John S. Black- 
more. These mosquitoes were fed on post- 
hibernating snakes which had viremia and 
held from 9 to 23 days before allowing them 
to feed on a non-infected l-day-old chick. 

Positive identifications of IliEE virus iso- 
lated from snake bloods, mosquitoes. and 
chicks used to demonstrate transmission of 
virus were made using the mouse neutraliza- 
tion test(2).  All virus titratioas and identi- 
fications were made in suckling mice (0.015 
ml, I.P.). The Reed-Muench method was 
used to calculate LDr,{, ( 3 ) .  

Results. No mosquitoes were found in any 
compartment following hibernation. 

Twenty-five of 30 snakes were recovered 
from Compartment 1 between 3-23-60 and 
5-9-60. No virus was detected in these snakes 
in a series of 3 bleedings a t  weekly intervals. 

As shown in Table 11, 26 of 50 inoculated 
snakes were recovered from Compartment 2. 
Virus was isolated from 23 of the 26 snakes 
with positive identification of U'EE virus 
from 16 of the 23 snakes. Questionable virus 
isoIations were made from 2 snakes-Nos. 
6074 and 6358. No virus was detected from 
snake NO. 5433. Virus was detected in snakes 
a t  least 70 days following recovery of snakes 
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from hibernation. In  many instances no virus 
was detected in the first blood specimen col- 
lected frGm the post-hibernating snakes : how- 
ever blood collected after these snakes had 
been exposed to room temperature a few days 
yielded virus in most instances. In cases where 
the snake was bled and returned to outside 
conditions, there was a longer period of time 
during which no virus was detected. 

As s h m n  in Table ITT. a virus titer as high 
LD5,1 was observed. as 10” :i 

Virus transmissions were obtained from 4 
hibernating snakes. In  the case of snake No. 
5324, WEE virus was isolated from snake 
blood, 6 of 30 mosquitoes following an ex- 
trinsic incubation period of approximately 3 
weeks. and chicks that these mosquitoes fed 
on. WEE virus was isolated from blood of 
snake No. 5331, 1 mosquito that fed upon it, 
and the chick that the mosquito fed upon. In 
the case of snakes Nos. 5432 and or 5445, 
the 2 snakes were placed together in the cage 
for mosquito feeding. S ine  mosquitoes were 
fed on them. WEE virus was isolated from 
blood of both snakes, the 1 mosquito tested, 

and from the chick that i t  fed on. Virus was 
detected in snake bloods before and after mos- 
quitoes fed on them in dilutions of lo“.“ to 

for snake No. 5325, 101.8 to 102.3 for 
snake No. 5331, and 102-’7 to 105.5 for snakes 
N o s .  5432 and 5445. 

Discussion. The failure to recover post- 
hibernating mosquitoes might be attributed 
t:, a number cf causes, e.g., the small number 
of mosquitoes under study and an inadequate 
hibernation-conditioning period following the 
blood meal, since the mosquitoes were placed 
in the cage immediately after they became en- 
gorged with blood. The unusually rapid drop 
in temperature from 68°F on 11-2-59 to 
-24 F on 11-16-59 may have caused high 
in osqui t o mortality . 

Infected mosquitoes were confined with 
normal snakes in Compartment 1 to determine 
i f  after hibernation virus-inf ected mosquitoes 
transmitted virus to normal snakes. Since no 
mosquitoes survived overwinter, it  was to be 
expected that no virus would be detected from 
these snakes. 

Experimentally infected garter snakes were 
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shown to hibernate overwinter and to circu- 
late virus in high titer and for long periods 
the following spring. Normal molsquitoes be- 
came infected by feeding on the emerged 
snakes and transmitted virus to chicks after 
an extrinsic incubation period of approxi- 
mately 3 weeks. These data demonstrate a 
possible Overwintering mechanism of WEE 
virus, but this virus has not, as yet, been iso- 
lated from garter snakes collected in the field. 

Summary. Garter snakes were inoculated 
in September and November with Western 
equine encephalomyelitis (WEE) virus and 
were caused to hibernate under simulated na- 
tural conditions. They emerged during 
March, April, May and June. After varying 
periods when no virus was detectable in their 
blolod, virus was detected in concentrations as 
high as lo‘;..<> and for a period up to 70 days 

following emergence of snakes. Normal mos- 
quitoes became infected by feeding on these 
snakes and after an extrinsic incubation pe- 
riod of approximately 3 weeks transmitted 
WEE virus to 1-day-old chicks. These data 
demonstrate that snakes may serve as a na- 
tural overwintering mechanism For WEE 
virus. 
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The majority of the Enteruviruses propa- 
gated in cell culture are readily identified by 
standard roller tube neutralization technics 
( 1,2 ) . A notable exception is ECHO-4(2,3). 
Plaque-forming strains of ECHO-4 virus may 
be identified by the plaque reduction technic 
(2,3). The applicability of the complement 
fixation (CF) technic for identification of the 
first 13 ECHO viruses except ECHO-4 was 
first demonstrated by Archetti et a l . (4)  using 
virus antigens prepared in HeLa cells. Halo- 
nen et  al.( 5,6) later found that the fluorocar- 
bon procedure of Gessler et  al. ( 7 )  as applied 
by Manson c t  nZ.(8) to viral antigens grown 
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in cell culture removed anticomplementary ac- 
tivity of rhesus monkey kidney cell culture 
( RhbIKCC) fluids and greatly reldiiced reac- 
tions between cell culture antigens and anti- 
bodies thereto, factors otherwise posing prob- 
lems in interpretation of tests used for viral 
identificatioln. This report, although limited 
to studies on ECHO-4 virus, desciriibes a fur- 
ther modification of the CF test which vir- 
tually eliminates all antibody reactions with 
cell-culture antigens. 

Another problem in diagnostic work involv- 
ing ECHO-4 infections is the general inability 
to demonstrate neutralizing antibodies in the 
convalescent serum of the patient. A strain 
of virus is described which has been found to 
be readily neutralizable in tube culture tests. 

Materials and methods. 1. Cell culture. 
Trypsinized RhMKCC were grown in 0.5% 
lactalbumin hydrolysate in Hanks’ (LAH) 
balanced salt solution (BSS) containing 2 % 
calf serum and maintained in lactalbumin 


