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As outlined previously ( 1,2) we have 
planned to test in laboratory animals the ef- 
fectiveness of immunization against Japanese 
B (JBE) , St. Louis (SLE), and Murray Val- 
ley (M\'E) encephalitis viruses by primary 
immunization with living West Nile (WN) 
virus supplemented with an inactivated virus 
vaccine of one of the other types. The ham- 
ster proved to be a suitable host for test chal- 
lenge by a peripheral route following im- 
munizing procedures, thus simulating natur- 
ally acquired infection from a mosquito bite 
( 2 ) .  Susceptibility of the hamster to MVE 
and WK was adequate without any modify- 
ing procedures ( 1,3), but to obtain adequate 
susceptibility for JBE and SLE challenges it 
was necessary to treat the hamsters with cor- 
tisone(2). Thus, an animal species other 
than man was available for suitable quanti- 
tative challenge after immunizing procedures. 
Monkeys, mice and other laboratory animals 
were not suitable. 

The next problem was a method of produc- 
ing the desired basic immunization with living 
WK virus, since hamsters are extremely sus- 
ceptible to peripheral injection of this virus. 
High dilutions of WN virus were first em- 
ployed to determine whether a dosage could 
be found which would produce an inappar- 
ent, immunizing infection. This was found 
to be impractical, for dosage-range between a 
fatal and an inapparent infection was en- 
tirely too narrow. Passive-active immuniza- 
tion was next tried and the unexpected results 
of both passive and passive-active immuniza- 
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tion experience are reported here, together 
with the more expected type of results from 
use of a formalinized vaccine preparation. 
Also included in this paper are studies on ef- 
fect of cortisone injections subsequent to 
immunization, on immunity previously ac- 
quired. 

Materials and methods. A strain of WN 
virus obtained a number of years ago through 
the courtesy of Dr. Smithburn was used in 
its 30th mouse passage, prepared as a pool of 
frozen brain suspension. This pool had a 
titer of 10-s.6 when tested intracerebrally in 
mice and lP8e5 subcutaneously in hamsters. 
Syrian hamsters from Lakeview Hamster Col- 
ony, N. J.: were used when 8 to 10 weeks of 
age for the beginning of immunization pro- 
cedures. Antisera were prepared in rabbits 
and in hamsters and their neutralization in- 
dices determined by the intracerebral mouse 
neutralization test (4). All sera were injected 
intraperitoneally, suitably diluted in a 0.5 
cc volume in the hamsters to be protected. 
The selected virus dilution was given subcu- 
taneously in a volume of 0.1 cc. Vaccine was 
prepared by mixing a freshly prepared 20% 
infected mouse brain suspension with an equal 
volume of 0.4% formalin. The mixture was 
kept at room temperature for a week with 
frequent agitation, then kept at +4"C in the 
refrigerator. A test to demonstrate the ab- 
sence of detectable live virus was then made 
by intracerebral inoculation of mice, undi- 
luted and a t  10-1 after neutralization of the 
formalin. 
Exp. 1. Passive-active immunization using 

one dose of W N  immune rabbit serum. 
Immune rabbit serum with a neutraliza- 
tion index of 15,000 was employed in 
5-fold serial dilutions ranging from 1:s 
through 1 : 62 5. Each dilution was inoculated 
into each of a group of 6 hamsters. Twenty- 
four hours after serum inoculation each ham- 
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TARTX I. R~spoiise to Subciitnneous Iiijrctioii 
with 200 LI),, of L Y S  Virus a f te r  Passive Iniiiiuiii- 

zatioii with IV S Hyyeriinniuiie Rabbit Scriiiii. 

S(~l.Ul11 

tlilutioii l k I ~ 3  O f  t lc . ; l t l l  ratio 
Mort ;I li  t y 

1: 5 
I : '7,j 
I : 50 
1 :  T3 
1 : i i i o  
1 : 1'5 
1 : ti25 
C'o11trol 

27,29  
14, 14, 16, 16 
15, 15, 15, 17, 17, 18 
9, 11, 12, 14, 14, 15 
9, 10, IU, 10, 11, 12 

6, 8, 9, 9, 9, 10 
6 ,  T, 8, 8 ,  9, 10 

9,10,10,11,11, I:! 

ster was inoculated subcutaneously with 100 
hamster LDS0 of \IT virus. An additional 
group of 6 hamsters was inoculated with the 
virus only. Five weeks after the virus in- 
oculation the surviving hamsters were chal- 
lenged subcutaneously with 100 LDs0 of 11-S 
virus. 

There was some degree of protection 
against the 1st injection of live virus in the 
group of hamsters which received the 1:s di- 
lution of serum and a small degree of protec- 
tion in the group which received the 1:25 di- 
lution, while there was no reduction of fa- 
tality in the other groups. (Table I )  How- 
ever, the immune serum prolonged the inter- 
val before death, and the greater the concen- 
tration of serum the more prolonged the pe- 
riod. This prolongation of life is observed 
even with the 1:125 serum dilution. Live 
virus challenge after 5 weeks. of the ham- 
sters surviving from the 1 : s  and 1:25 
serum dilutions, gave the following results: 
2 out of 4 hamsters died from the 1:s serum 
and 0 of 2 died from the 1:25 group. This 
method did not appear to offer encourage- 
ment for producing passive-active immuniza- 
tion but it was felt that if a 2nd dose of 
serum was given at a suitable interval, many 
hamsters might survive among those whose 
lives were only prolonged in this experiment. 

Exp. 2. Pnssivc-activc imiizunization usiizg 
2 doses of WAY iminunc rabbit serum. Three 
groups of 5 hamsters each were treated in 
the following manner: In Group I each ham- 
ster received on the 1st day a 1 : 25 dilution 
of the same immune serum used in Exp. 1. 
On the 2nd day each was inoculated with 100 
LDs0 of WN virus as in the previous experi- 
ment. In Group I1 each hamster received 

TL4131,E 11. Response to Subciitaneous Injection 
with 100 TAD, of W S  Virus a f te r  Passive Immuni- 
zi1ti011 with One and 2 Doses of WS Hyperinimune 

Rahhit Seruni Diluted 1 :25. 

Mortality 
Sc.rum (loses Days of death ratio 

1 15, 18, 18, 19 4/5 
'7 12, 12, 13, 20 4/5 
il 8,9, 9, 10, 10 5 / 5  

serum and virus in a quantity and manner 
identical with Group I, but in addition was 
given another dose of serum in a 1:25 dilu- 
tion 1 week after the virus inoculation. In 
Group 111 each hamster received virus only. 

This method of 2 doses of 'U" hyper- 
immune serum also failed to provide suitable 
passive-active immunization (Table 11). The 
2 surviving animals were not challenged. It 
was considered possible that the cause of fail- 
ure of these methods was due to the rapid 
destruction and excretion of heterologous se- 
rum. WN hyperimmune hamster serum was 
then prepared in the hope of getting better 
results because of its lower rate of excretion. 
Exp. 3. Passive-active immunization using 

I V S  immune hamster serum and a lo-' dilu- 
tion of virus. This experiment was done in a 
manner similar to that of Exp. 1. with an ex- 
ception which was an oversight. They were 
inoculated with 0.1 cc of a 10-1 dilution of 
1I-Y virus instead of a 100 LDz0 dilution. 
Observation was continued in spite of this 
fact. WK hamster immune serum with a neu- 
tralization index of 870 was used. The  serum 
dilutions employed are shown in Table 111. 
Each group was composed of 10 animals. 
Three hamsters from each group were bled 
out just before virus inoculation of the re- 
mainder and these sera were titrated for WN 
neutralizing antibodies using the intracerebral 
mouse test. From the table i t  can be seen that 
the results in respect to survival were not 

'I--\ T i 1  .E: I I I. Xcspoiisc to Subcut:ineous Challenge 
i v i t l i  0.1 nil of lo-' T V X  Virus a f te r  Passive Im-  

~iiiiiiizntion with WK Immune Hamster Serum. 

S ( ~ r ~ 1 1 n l  Mortality 
( I  ilut i 011 Days of death ratio 

1 :  #j 9, 12, 15, 16 4/7 

1 :50 9,10, 11,11,14 5/7 
('ontrol 8, 8,9, 9,9,10,10 7/7 

1 : 2 3  7 ,  9, 10,10,16 5 / 7  
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TABLE IV. Log Scutralization Index* to WX 
Virus in Sera of Hamsters Sacrificed 24 Hr after 
htraperitoncal Tnoculation of Hamster Immune 

Serum. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _  

---T,og iieutralization index-, 
S e rii 111 11 a ni E t er Ha ins t er Hamster 

rlilu tioii 1 2 3 Mean 

1: 5 .!I 1 .0 2.0 1.3 
I :25 .8 .8 1.1 .9 
1 :50 .3 .9 .7 . ci 
* Iiitrmcr. nioiise tcst. 

more encouraging than those of the earlier 
experiments using rabbit serum. It was 
thought that this result was quite possibly 
due to the use of a high concentration of virus. 
Results on serum neutralization tests {Table 
IV)  suggest that antibody was present in the 
blood a t  a detectable level 24 hours after im- 
inune serum inoculation of the 1:s and the 
1:25 dilutions. The very few survivors 
{Table H I ) ,  when subsequently challenged 
with 1000 hamster LDZ0 of WN virus 4 weeks 
after the 1st virus inoculation, were found to 
be resistant to disease. 

Exp. 4. Passive-active immunization using 
one dose of W N  immune hamster serum and 
100 LDjo  of virus. This experiment was 
done in a manner similar to the previous ex- 
periment, with the exception that 100 hamster 
LDS0 of iVN virus were used for inoculation. 
The serum dilutions employed are shown in 
Table V. Each group was composed of 10 
animals. 

The results of this experiment were no more 
encouraging than those of the earlier experi- 
ments. There were only 8 survivors, simply 
a slight prolongation of life in most instances. 
’These remaining 8 hamsters survived when 
challenged with 1000 hamster LDRo WN virus 
4 weeks after the 1st virus inoculation. From 
the results of the different experiments on 

‘FABLE V. Respoiise to Subcutaneous Jiioculatioii 
with 100 LD,, WT\’ Virus after Passive Immuniza- 

tion with WAT Inimurie IImister Serum. 

Serum Mortality 
clilu tioii 1)ays of death ratio 

1 : 10 10, 11,12,13,13,13,14 7/10 

1:30 9,10,10,10,10,11,11,13,13 9/10 
1:40 7 ,7 ,7 ,8 ,9 ,9 ,13 ,13  8/10 
Control 

1:20 9, 9, 10,10, 10, 11, 13,13 8/10 

10/10 7, 7, 7, 8, 8, 8,9, 9, 10, 10 

passive-active immunization it was found 
that this method of immunization was im- 
practical as a method of obtaining large num- 
bers of surviving immune animals and active 
immunization of hamsters was tried. 

Exp .  5 .  Active immunization of hamsters 
to W X  virus. Two groups of hamsters were 
employed. The 1st group received 1 injec- 
tion of 0.5 cc of WK formalin inactivated 
vaccine intramuscularly, the 2nd group re- 
ceived 2 injections each of 0.5 cc of vaccine 
intramuscularly 2 weeks apart. Three weeks 
after the last vaccination or after the 1st in 
those receiving only 1 dose, the hamsters were 
inoculated subcutaneously with 100 subcu- 
taneous hamster LDSo of WN virus to provide 
immunization with active virus in a manner 
which, it was hoped, would lead to survival of 
most animals. 

From Table V I  it can be seen that 2 
doses of vaccine gave complete protection to 
100 LDSo hamster doses of WN virus. Ham- 
sters immunized with 1 dose of vaccine had a 
lower survival rate. 

In a later experiment ( 5 )  in which 500 ham- 
sters were basically immunized to WN virus, 
to be challenged later with JBE virus, the 
hamsters were inoculated each with only 1 
dose of 0.5 cc of another lot of similarly pre- 
pared WN vaccine. One week later each ham- 
ster was given 100 hamster LDrio of WN virus 
subcutaneously. Only 5 out of the 500 ham- 
sters died, i.e., about 1% deaths. Serological 
tests done on a pool of sera of 5 of the sur- 
viving hamsters showed a complement fixing 
titer of 1 : 16 and a neutralization index of 1.9. 

Exp.  6.  Effect of cortisone on pre-existing 
active immunity. Fourteen hamsters were ac- 
tively immunized to WN virus by 2 injec- 
tions of Wpu’ vaccine given 1 week apart. 
Two weeks after the last injection each ham- 
ster was inoculated subcutaneously with lo00 

TABT,E: VI. Response of Hamsters Immunized 
with One and 2 Injections of WN Vaccine and In-  
oculated Subcutaneously with 100 LDm Hamster 

Doscs of WN Virus. 

Vaccine doses Mortality ratio 

1 3/10 
2 0/10 
0 5 /  5 
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hamster LL),,, of I\X virus. and 2 weeks 
later each was inoculated with 10.000 
hamster I,D5,, of the virus. These hamsters 
were divided into 2 groups of 7 each. Three 
hamsters were bled out from each group and 
their sera pooled and titrated to determine 
the neutralization index to IYS virus. The 
1st group of 4 remaining hamsters was treated 
with cortisone in a dose of 0.25 mg, g body 
weight (intentionally larger than the stand- 
ard dose) given over 4 days and challenged 
subcutaneously with 300.000.000 hamster 
LD,,, (0.1 cc of lo-' dilution) of K X  virus 
on the 2nd day of the experiment in a manner 
previously described ( 2 ) .  The 2nd group of 
4 remaining animals was challenged with 
virus only. -4 control group of 4 non-immune 
hamsters was treated with the same dose of 
cortisone onl!.. and a 2nd control group of 3 
normal hamsters was inoculated with the 
same dose of the virus only. The hamsters 
were watched for a period of 3 weeks after 
challenge and then the surviving ones were 
bled and their sera were titrated separatelj- 
for neutralizing an ti bodies. 

Only 1 hamster from the immunized group 
which received cortisone died on the 6th da!. 
after virus inoculation. (Table VTI). The 
autopsy done on that animal showed that the 
liver was mottled and friable and the spleen 
had many septic nodules. Culture of liver. 
spleen and blood on blood agar plates re- 
vealed hemolytic streptococci. The brain 
suspension of that hamster. after penicillin 
and streptomycin were added, was negative 
for bacterial growth and negative for virus 
when inoculated intracerebrally in mice. It 
was thus clear that this hamster did not die 
from the WN virus, but from bacterial infec- 
tion, probably due to the high dose of corti- 
sone given. Virus control animals all died 
as expected between the 7th and the 9th days. 

One cortisone control animal died of sepsis 
a3 in the immunized group. Thus there was 
no evidence of cortisone having interfered 
with the pre-existent immunity of the im- 
munized group. Results of neutralization 
tcsts (Table I'IJI) reveal that there was no 
significant difference in the level of neu- 
tralizing antibodies between the cortisone 
treated and the non-cortisone treated immune 
groups post challenge. In fact: since there 
was no significant antibody rise in either 
group 3 weeks after challenge, it appears that 
all the hamsters were probably immune to the 
estent of resisting infection as well as disease. 

Discussion. Tn an attempt to immunize 
hamsters to U X  virus. both passive-active 
and active methods of immunization were 
tried. Tn passive-active immunization IVS' 
rabbit immune serum was first tried in 1 dose. 
Results were unsatisfactory in that there were 
only a few survivors even with the least di- 
luted serum. Tn the higher dilutions only the 
incubation period was prolonged. Some ham- 
sters surviving this method of immunization 
were found not to he immune when challenged 
later with live NX virus. Tn the case of the 
lowest serum dilution the serum apparently 
neutralized the virus and no infection took 
place: thus. a t  the end of the immunization 
period the hamsters were not immune. In  the 
nest higher serum dilution the small per- 
centage of surviving hamsters was found later 
to be immune to live WN virus. The  low sur- 
vival rate during attempted active-passive im- 
munization was first attributed to the fact 
that heterologous serum is rapidly destroyed 
and excreted. Two doses of serum were then 
employed, but this also was found to be un- 
satisfactory. Homologous serum was used 

'l'.\l:lAE 1-111. Effect of Cortisone on the Titer of 
S ~ ~ i i t ~ ~ ; i l i z i n g  =\iitil)oclic~s i i i  Sera of Actively I n i -  

iiiiiiiiz(ti1 1L:iilistcrs after Virus Clialleligc. 

Log iieutralizatioii i d e s "  

( 'o r t  isoiic? challeiige .--IIamster No.- 
tl.e;itnleiit pool 1 2 3 4 Meant 

Pre- 

I*c*s 3.1 2.8 3.6 3.0 -: 3.1 
S 0 ;-;.I 3.3 3.2 3.2 3 . i  3.3 

liltracer. iiiouse test. 
t Geometric meail. 
: This aiiimal d i d  from scpsis. 
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with the same poor results in so far as ohtain- 
ing large numbers of survivors. However, in 
the dosages of virus and serum employed the 
few survivors did resist subsequent virus chal- 
lenge. 

In active immunization better results were 
obtained especially when 2 doses of formalin 
inactivated virus vaccine were used, followed 
3 weeks after the last dose by 100 hamster 
LDSo of WN virus. Later ( 5 )  , using 500 ham- 
sters, it was found that even 1 dose of another 
lot of WN vaccine followed 1 week later by 
100 hamster LDS0 of WN virus provided a 
rapid and satisfactory method of immuniza- 
tion of hamsters to WN virus, with only 1% 
mortality during the procedure. 

Since the principal purpose of this work 
was to prepare animals for subsequent sub- 
cutaneous challenge with certain other group 
B encephalitis viruses such as JBE and SLE 
which required cortisone treatment to render 
them susceptible, it appeared necessary to in- 
vestigate the effect of cortisone on any pre- 
existing actively acquired immunity. Kil- 
bourne( 6 ) ,  working with influenza virus, 
demonstrated that mice with previously exist- 
ing actively acquired immunity, when chal- 
lenged with active virus and given large 
amounts of cortisone were rendered somewhat 
less immune. Even with smaller doses of cor- 
tisone, although most of the challenged mice 
survived, virus was found to persist in the 
lungs for 7 days while none was found in the 
lungs of those not receiving cortisone. Our 
tests with a small group of actively immu- 
nized hamsters treated over 4 days with such 
large doses of cortisone that 1 out of 4 from 
each of 2 groups died of bacterial sepsis, and 
challenged with very large doses of virus 

LDr,o when administered by the same 
route in normal hamsters) gave evidence of 
complete protection against the virus. Pos- 
sibly, if less completely immunized animals 
had been used some quantitative differences 
might have become apparent. Further evi- 
dence indicating that the animals were even 
protected against inapparent infection from 
the large virus challenge together with corti- 
sone is indicated by finding that there was no 
significant rise of neutralizing antibodies 3 

weeks after virus was given in either the nor- 
mal or cortisone treated animals. We did 
not test for persistence of virus as did Kil- 
bourne. It is possible that our test demon- 
strating a lack of antibody rise should not be 
interpreted as lack of infection for cortisone 
would suppress this temporarily. However, 
we found in other work(2) that suppression 
of antibody rise by cortisone was not com- 
plete and did not appear to persist for long. 
Thus, since no rise was observed after 3 
weeks, we believe it probable that infection 
was actually prevented. 

Summary. Both passive-active and active 
methods of immunization of hamsters to WN 
virus were tried. The passive-active method 
gave very poor results; the active method gave 
satisfactory results. A procedure in which the 
hamsters are given 1 or 2 doses of 0.5 cc of 
freshly prepared WX vaccine, followed 1 
week later by 100 hamster LDS0 of WN virus, 
produced a satisfactory and rapid method of 
immunization. Hamsters immunized by vac- 
cine plus active virus, when given large doses 
of cortisone and challenged with 108.5 LDso 
of virus survived. These hamsters and simi- 
lar immunized control animals not given cor- 
tisone had all failed to develop increased neu- 
tralizing antibody titers 3 weeks following the 
virus challenge. These results are interpreted 
to indicate that cortisone probably did not 
substantially reduce previously acquired im- 
munity to disease or to infection. 
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