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horse seruni, reduce3 the severit!. of  anaphj - 
lactic shock in these animals, there being no 
deaths in  2 2  animals ;is ayai1iq.t 9 death; 
in 26 control>. -4s Benadryl ha..; ;i 41iii lu 
niodifJ*ing effcc t upon the ~ h o c l i  inclucd b~ 
the injection O i  histamine. the rc;~il i> of 
these experiment.< are con.;i.;tent wirh the 
t heo ry t 11 a t his t niiiine pl a p  a s ig n i f ican t r 012 

in anaphylaxis in dogs. Unfortunately, 
Benaciryl merely reduces, but does not obliter- 
ate. the vasodepressor effects of histamine 
and thus the present experiments with 
Brnadr~-l  do not permit conclusions as to 
whether hiyiamine is or is not the sole 
\-awdeprescr factor in anaphylaxis in the 
dog. 
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Corncsl Reac t ion  to L’iruses of Equine Encephalomyel i t i s  A f t e r  
l n t r a -Ocu la r  Injection.* 

In  a previous publication’ i t  was reported 
that injection of certain viruses into the eyes 
of suitable animals caused specific reactions 
in the ocular tissues. Corneal edema and 
opacity were produced when the viruses of 
fox encephalitis, influenza, and equine en- 
cephalomyelitis were employed. I t  was dem- 
onstrated that virus of fox encephalitis. even 
in minute dosage, would infect the corneal 
endothelium and induce the corneal reaction 
in dogs, foxes and The influenza 
virus caused an entirely similar reaction in 
the eyes of rabbits in spite of a complete 
absence of infection, by a direct toxic effect.4 
The virus did not grow in the rabbit eye 
and was effective only in very large doses. 

Further studies reported in this paper sug- 
gest that the corneal opacity in rabbits caused 

-4idrd by grants from the Jolixi a i d  Xlnq- R. 
&rkle Foundntion and t h c  (;i.:tdii:itc scliuol of 
tlic ITii iwwity of X i i i n c  sut:i. 

1 EIYIIIS, C’. A..  Y ~ I I I I I ~ ~ ~ I I . : ~ .  I t .  I-., aiicl Grceii, 

2 Ev:iiis, C. ,I., Yaiianiur:~. H. Y., and Grcen, 
H . c: . , S C  i (111 c f , 1943. 98, 43. 

R. G. ,  P K O C .  S O C .  ESP. EIOL. -4XD MED., 1943, 
53, 183. 

:; G ~ w i i ,  H. (+., KV:III<, (‘. .4., : ~ n d  T:iaumurn, 
H. PKOC. S o ( - .  ESP. CIOL. AND ~ I E D . ,  1943. 
33, 186. 

4 Eraiis, C. A, :ind Ricknrti, E. R.. PRO(-. Soc. 
1‘:’lI’. EIOL. AiND AIED., 194.3, m, 73. 

by the viruses of western and eastern equine 
encephalomyelitis is analogous to the toxic 
reaction demonstrated for influenza virus 
even though these viruses may grow to a 
limited extent in the ocular tissues. 

In  our first experiment a lo3 dilution of 
mouse brain infected with a highly virulent 
strain of virus of W.E.E. (Western Equine 
Encephalomyelitis) was injected into the an- 
terior chamber of one eye of each of 3 rab- 
bits. .it  48 hours all showed some cloudi- 
ness of the cornea and at 3 days the corneas 
of all injected eyes were opaque. 

In  subsequent experiments 27 rabbits have 
been injected with 2 different strains of west- 
ern virus. One of the western strains was 
highly virulent and had been maintained 
by passage in  mice for many years by Dr. 
Carl 11. Eklund, who obtained i t  from Dr. 
P. K. Ulitsky of the Rockefeller Institute 
for Rledical Research. This we call the 
Rockefeller strain. The second strain of 
western virus had been isolated from a fatal 
human case of encephalitis by injection of 
brain tissue into guinea pigs. Some of the 
infected guinea pig brain tissue that had 
been kept frozen for more than a year was 
used to infect guinea pigs and mice, the 
brains of which served as the source of virus 
for injection into eyes. This is called the 
’*low passage” strain of virus. 
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TABLE: I. 
Tesb for Virus in Aqncous lIui~ior of Bnbbit Eye. All aiiini:its were injected with 0.2 nil of 8 10% SUS- 
pension of mouse brain infected with the Rockefcllcr str;iin of wcsterii equine eneeph:lloniyelitis v h s .  

Fate of mice injected with dilutions 

Rabbit S o .  Eye Interval* 10-0 10- 1 10-2 Cornea 

Exp. S o .  I K423 

K424 

11 K433 

R435 

111 K495 

R42G 

IY K501 

I(503 

Rt. 
Left 
Rt. 
L. 

Rt. 
L. 
Rt. 
L. 

Rt. 

Rt. 
L. 

Rt. 

Rt. 
I,. 

rJ. 

r,. 

t 5  5 s 
s s s  
9 8 s  
s s 3  

2 2 2  
2 2 :  
S S R  
s s s  

s s q  
8 9 s  

3 3 3  
9 8 s  

s s s  
s s s  
:3 .5 s 
3 3 :3 

s s s  
s s s  
s s s  
s s s  

2 2 2  
2 2 "  
Y S S  

s s s  

s s s  
s s s  
3 3 3  
s s s  

s s s  
s s s  
5 s s  
3 3 4  

s s s  
s s s  
s s s  
s s s  

2 2 2  
2 2 2  
s s s  
s s s  

- 
- 
I 

- 

s s s  
s s s  
S S S  

4 4 4  

* Time betwcen inoculation into ant. chamber anti aspiration of aqueous humor. 
f Numbers = day of death. S E survived. 

Injection of the 12 eyes of 6 rabbits with 
various dilutions of the low passage strain 
of virus gave entirely negative results. Five 
of the eyes were injected with a 10% sus- 
pension of infected brain. All eyes, except 
2, were injected with an inoculum which 
killed mice regularly in a dilution of and 
sometimes in dilutions of 

In  further studies with the Rockefeller 
strain, negative results have been obtained 
in all eyes injected with virus (infected 
mouse brain) diluted to 1:lOO or beyond. 
When a 10% suspension was employed, only 
half of the infected eyes showed the charac- 
teristic reaction. This was surprising in 
view of the results of the first experiment 
in which a 10-? dilution was injected and 
all 3 injected eyes were positive. Unfor- 
tunately, the records showing the results of 
 the titration of the virus used in this first 
(experiment were lost. The later experiments 
were carried out after an interval of more 
,than one year with virus that killed all mice 
,injected with a 10-6 and about half those given 
lC7 dilution. It was our recollection that 
ithe virus used in the earlier experiment killed 
mice in a dilution of 10-8. 

As shown in Table I Experiments I and 111, 

rabbits injected in the same experiment with 
the same dose of virus might differ in their 
reactions. Numerous aspirations and cul- 
tures of aqueous humor showed an absence 
of pus cells and bacteria. I t  was felt that 
the varying results indicated that the amount 
of virus injected approximated one 50% 
minimal reactive dose (analogous to "1 MLD 

Tests for virus in aqueous humor were car- 
ried out at 24 hours, 48 hours, 60 hours, 
3 days, and 5 days with the results shown 
in Table T. After injection of more than 300,- 
000 mld (for mice) of virus into the anterior 
chamber, the aqueous humor contained virus 
in considerable amount a t  24 hours but 
little or none remained at  48 hours and later. 
No virus was detected in ocular tissues a t  
3 days in 1 experiment. Of 4 eyes tested 
at  5 days, one contained a moderate amount 
of virus. This suggests that some growth 
of virus may have occurred. Of the 30 
rabbits used in these experiments, only 3 
showed symptoms indicative of encephalitis. 

An eastern strain of equine encephalo- 
myelitis virus obtained from Dr. Carl M. 
Eklund has been injected into the 10 eyes 
of 5 rabbits. All 10 eyes developed the 

50'7). 
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characteristic corneal opacity, usually of se- 
vere degree. The inoculum in each case was 
a 10% suspension of infected mouse brain. 
Titrations of the inocula by intracerebral 
injection in mice have shown that a lo-' 
dilution was regularly fatal and a lo-' dilu- 
t ion cxcasionally killed mice. 

Tests for virus in the aqueous humor 
and/or ocular tissues have been made a t  2, 
4 and 11 days. Results as presented in 
Table IT show that a negligible amount of 
virus remained. This was true even in an  

EN CEP ITALI TI s VIRU s 
animal suffering from a severe encephalitic 
infect ion. 

Of the 5 rabbits injected with the eastern 
virus, 2 were killed a t  2 and 4 days and 1 
oi the remaining 3 developed encephalitis. 

From the data presented in 
Tables I and IT, it is clear that the corneal 
opacity observed in rabbits after intraocular 
injection of the viruses of western equine 
encephalomyelitis is not the result of the 
growth of virus in the eye, even though such 
growth inay occur to a limited extent. I n  
control experiments the injection of suspen- 
sions of normal brain and of numerous other 
non-viral preparations into rabbits' eyes has 
never in our experience caused the type of 
ocular reaction that characterized the ex- 
periments with these viruses or influenza 
viruses. -As in the experiments with influ- 
enza virus, large doses of equine virus (in 
the vicinity of a million mld for mice) must 
be injected in order to produce the corneal 
reaction. In  most of our experiments, the  
dosage of western virus was apparently close 
to the minimum level necessary to produce 
a reaction inasmuch as frequently some eyes 
were negative while others were positive. 
The minimum dose of eastern virus that will 
cause the reaction was not determined. 

I n  the present paper, attention is centered 
on the corneal reaction because this is the 
most prominent and most characteristic 
change observed. X uveitis is less specific 
but was even more regularly present as in- 
dicated by the occurrence of hyperemia and 
deep radial folds in the iris and a corona 
of dilated vessels visible around the cornea 
and extending back over the bulbar con- 

Discussion. 

T.1131,K 11. 
TestR for Ewstcrll 1Squine €~i ice~~l~alo~i iyc l i t i s  in Rabhit H.:vcv Xftt~i. I n j r d  ion of 0.2 nil of 10% Infected 

Mousc Brain. 

Fate of niicc inj. with dilutions 
JI:itci*i:tl Interval, ,/ v 

B:il)l)it S o .  Eye. t e s t e d  (lays I(, 0 1 0  1 10 2 Cornea 

Rt. Aq. 11. 

IC311 Rt. Aq. 11. 

1,. Aq. 11. 
IC531" Rt. 9 9  

L. 

Tissuca ,, 
K310 

, ?  Left 

9 )  Tissue 

9 9  

s s 8 Opaqne 
' 9  

9 9  

9 9  

9 9  

> 9  

9 9  

s s s  
S R Y  
s s s  
s s s  
S S S  

s s s  
s s s 0p:tque at 3 days. Clcare; 

* Sewre encephalitis. 
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junction to a variable extent. Histologically, 
this uveitis appeared as hyperemia of the 
iris and ciliary body, usually with very little 
cellular exudate. The choroid and retina 
were not visibly affected after injection of 
either the eastern or western viruses into 
the anterior chamber. 

Conclusion. The corneal edema and opacity 
resulting from intra-ocular injection of the 
virus of western equine encephalomyelitis 

in domestic rabbits occurs only in response to 
large amounts of virus. I t  appears to be 
analogous to the ocular response to influenza 
virus, which has been attributed to toxic 
properties of the virus. .4n entirely similar 
ocular reaction has been induced by injection 
of equine encephalomyelitis virus of the east- 
ern type. Limited growth of equine en- 
cephalomyelitis virus may occur in the eye but 
is not a significant factor in the described 
reaction. 
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A Vaccine Against Japanese B Encephalitis Prepared from 
Infected Chick Embryos. 

JOEL WARREN AND RALPH G. HOUGH. 
(Introduced by J. E. Smadel.) 

From the Division of Virus and Rickettsial Dijeases, A r m y  Medical School, A r m y  Medical 
Cewter, Wadringtoit, D.C. 

Most of the pathogenic viruses affecting 
man have been cultivated in the developing 
embryonated egg.l In  addition the egg has 
provided a source of vaccine for immunizing 
human beings against such viruses as yellow 
fever,2 inf l~enza ,~  vaccinia: and equine en- 
cephalomyelitis.5 Although the virus of Japa- 
nese B encephalitis was shown to multiply in 
the embryonated egg,” growth of this agent 
in chick embryo tissue was not. sufficiently 
luxuriant to offer promise of providing ma- 
terial for a potent vaccine against this dis- 
ease, Indeed, the reported experiments re- 
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1, orig., 1938, 142, 269. 

garding such a vaccine indicated that it pos- 
sessed little immunizing ~ a p a c i t y . ~  

The vaccines a t  present employed against 
Japanese B encephalitis are prepared from 
infected brain tissue of mice.’ These are 
capable of eliciting neutralizing antibodies 
against the virus in vaccinated human beings 
and of inducing resistance to infection in ex- 
perimental animals. Such vaccines have been 
prepared commercially and have been au- 
thorized for use in the U. S. Army. Although 
the mouse brain vaccine has desirable im- 
munological properties, it possesses certain 
potentially objectionable features. For ex- 
ample, it is well known that vaccines con- 
taining brain tissue may on occasion pro- 
duce a demyelinizing encephalopathy. In  ad- 
dition the technical difficulties inherent in 
the large scale manufacture of such a vac- 
cine are considerable. Because of these dis- 
advantages it seemed worth while to rein- 
vestigate the possibilities of obtaining a potent 
vaccine from tissues of infected chick embryos. 
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