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tracerebral neutralization tests with the sera 
from animals immune to SLE, Jap B and 
West Nile viruses(8-10). These results were 
readily confirmed here but it was surprising 
to find the high neutralization indexes ob- 
tained with the heterologous viruses especially 
when hyperimmune sera were used. Indexes 
of one thousand or more were quite frequent 
and several were rcorded of ten %housand or 
better. Evidently repeated inoculations of 
animals with living virus serve not only to 
raise the level of antibody against the 
homologous virus but also to bring the level 
of antibody against the heterologous viruses 
to a significantly high level. Thus as sug- 
gested by Lennette and Koprowski(l1) it 
may be of importance in the future to use 
sera from convalescent animals rather than 
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hyperimmune animals for identification pur- 
poses. 

Summary. It is impossible at present 
to distinguish epidemic keratoconjunctivitis 
virus from St. Louis encephalitis virus by 
means of the intracerebral neutralization test 
in mice. The sera from convalescent epidemic 
keratoconjunotivitis animals and from con- 
valescent or hyperimmune St. Louis encephali- 
tis animals neutralized epidemic keratocon- 
junctivitis and St. Louis encephalitis viruses 
to an equal extent. No differences could be 
elicited by performing neutralization tests 
with the keratoconjunctivitis virus that had 
been through 3 successive rabbit passages. 
Neutralization tests in which serum dlilutions 
were used against a constant amount of virus 
also failed to show any differences between 
the 2 viruses. Considerable cross-neutraliza- 
tion was obtained with the related Japanese 
B and West Nile viruses. Infectivity tests 
in animals revealed that rabbits and guinea 
pigs were susceptible to intracerebral inocula- 
tion with keratoconjunctivitis virus but not 
to St. Louis virus. 
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A Possible Relationship Between Viruses of St. Louis Encephalitis and 
Epidemic Keratoconjunctivitis. (18699) 

F. S .  CHEEVER. 
From the Graduate Schod of  Public Health, University of Pittsburgh. 

The virus of epidemic keratoconjunctivitis 
first isolated by Sanders( 1,2) has recently 
been shown by Ruchman to be closely related 
to the virus of St. Louis encephalitis(3). The 
present comunication confirms this fact and, 
in addition, presents cerltain data bearing on 
the relationship of this agent or agents to the 
clinical disease of epidemic keratoconjunc- 
tivitis. 

Materials and methods. Two strains of 
epidemic keratoconjunctivitis virus were ex- 

~ 

1. Sanders, M., Arch. Ghthaltnol.,  1942, v28, 581. 
2. Sanders, M., and Alexander, R. C., J .  Exp.  Med., 

3. Ruchman. I.. in Dress. 
1943, v77, 71. 

amined. The first, EK-TC 17, was obtained 
from Dr. A. E. Braley in 1947. This was the 
strain originally isolated by Sanders( 1,2) and 
carried through an undetermined number of 
mouse and egg passages. During the Second 
World War it was sent to the Upjohn Co. in 
Kalamazoo, Mich., where it was carried 
through another series of mouse and egg pas- 
sages(4). At the close of hostilities it was 
returned to Dr. Braley, who condirmed its 
specific identification by serological and fil- 
tration studies(5). During this time the titer 
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of the virus varied from 10-9 to 10-7. This were carried out by making serial 10-fold dilu- 
strain was subsequently used in protection 
tests employing gamma globulin in vitro (6)  
and in vizw( 7 )  : the titer of the virus at  this 
time varied from lo-.' to lo-". The second 
strain. EK 103-P61, was obtained from Dr. 
Isaac Ruchman, in July 1950: who, in turn. 
had received it from Dr. Braley a month pre- 
viously. While details of the e.arly history of 
this strain were not available, it had ap- 
parently undergone more than 100 mouse pas- 
sages and was derived from the same pool of 
material made up by Dr. Jlurray Sanders in 
S e w  l-ork City in 1942 as was strain EG-TC 
1 7 ( 3 ) .  -4ttempts to obtain other strains of 
the virus of epidemic keratoconjunctivitis 
failed. We were particularly anxious to secure 
the strain isolated by Jlaumenee, Hayes, and 
Hartman(8) which was reported to be anti- 
genically related to Herpes febrilis virus. Ap- 
parently this strain is no longer available(9). 
Two strains of St. Louis encephalitis virus, 
Webster ( 10) and Hubbard ( 11 ) , were secured 
from Dr. FV. JIcD. Hammon. Pools of each 
of these viral agents were made up in the form 
of 20% suspensions of infected mouse brain, 
using IF bovine albumen solution in broth 
as the suspending fluid. These were stored in 
sealed 1 ml ampoules in the CO, cabinet until 
used. 11\11 virus preparations were cultured 
aerobically and anaerobically to insure bac- 
teriological sterility. Rabbits and guinea pigs 
of both sexes were obtained from a local 
dealer. Three-four-week-old mice of the Car- 
worth Farm CFW strain were employed in 
the neutralization and cross immunity tests as 
well as for the preparation and titration of 
virus pools. Fertile White Leghorn eggs were 
used for chick embryo passage experiments. 

Titrations of individual virus suspensions 
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tions in 0.2% bovine albumen solution in 
broth. Five or 6 mice were inoculated with 
each dilution. The method of Reed and 
Muench(l2) was used in the calculation of 
LDS0 titers. Neutralization tests were carried 
out and the resultant neutralization indices 
calculated by the methods outlined by Ham- 
mon( 13), employing undiluted serum and 
varying amounts of virus. In  these tests the 
virus suspensions were prepared employing 
0.4% bovine albumen as diluent, so that when 
equal amounts of virus suspension and un- 
diluted serum were mixed the final concentra- 
tion of bovine albumen was 0.276. These mix- 
tures were placed in a 37°C waterbath for 2 
hours; 0.03 ml of each mixture was inocul'ated 
intracerebrally into each of 5 or 6 mice. In- 
activated normal ,horse serum was used as a 
control. 

Results. The EK-TC 17 strain has been 
carried through 4 passages and the EK 103- 
P61 strain through 2 passages. The LDS0 
titers of these passages have varied from lCF7.3 
to 1w5.2 

Neutralization tests were carried out with 
both virus strains employing immune rabbit 
serum prepared against each of the following 
encephalitis viruses: St. Louis, Japanese B, 
and Western Equine. These sera were fur- 
nished by Dr. W. McD. Hammon. As shown 
in Tables I and 11, the St. Louis immune 
serum showed significant neutralization indices 
against both strains. Slight but not significant 
protection against one strain was afforded by 
the Japanese B immune serum, while the 
Western Equine encephalomyelitis immune 
serum exerted no demonstrable protective ef- 
fect. Since these results presented presump- 
tive evidence that the two strains of epidemic 
keratoconjunctivitis virus were identical, fur- 
ther work was limited to one strain-EK- 
TC 17. 

Host range. Three guinea pigs inoculated 
intracerebrally with EK-TC 1 7  developed 
fever of 3-4 days duration commencing on the 
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TABLE I. Epidemic Keratocon junctivitis Virus Neutralization Tests. 

-Strain EK-TC 17 : Final Firus dilutions-, 
Serum 10-3 10-4 10-5 10-6 10-7 10-8 10-9 LD50 NI 

SLE* immune 5/5f 4/5 1/5 0/5 0/5 - - 104.3 500 
Jap BS ” 5 / 5  5 / 8  5 / 5  2/5 0/5 - - 10-5.8 25 

Normal horse - - 5/5  5 / 5  2/5 2 / 5  0/5 10-7.2 - WEE$ ’’ - - 5/5 5/5 5/5 2/5 0/5 10-7.8 <lo 

- -~ 

* St. Louis encephalitis. 
t Xumerator: No. of deaths. 

Denominator : ’ ’ ’ ’ mice inoculated. 
Japanese B encephalitis. 

$ Western equine ’ 
TABLE 11. 

r-A Strain EK 103-P61: Final virns dilutiom-, 
Serum 10-3 10-4 10-5 10-6 10-7 10-8 10-9 L D ~ ~  NI 

SLE immune 5/5 4/5 0/5 0/5 0/5 0/5 0/5 10-4.4 1000 

WEE ” - 5/5 5 / 5  5/5 5 / 5  0/5 0/5 10-7-5 
JapB ” 5 / 5  5/5 5/5 4/5 1/5 0/5 0/5 10-S.S < l o  
Normal horse - 515 515 4/5 4/5 1/5 o/a 10-7.4 - 

fourth day after inoculation. One pig died on 
the 1 l th  post-inoculation day with no definite 
neurological signs. The brain was bacterio- 
logically sterile and attempts to isolate the 
virus 1 by mouse inoculation were successful. 
Five guinea pigs inoculated with the 2 strains 
of St. Louis encephalitis virus showed a similar 
but less well marked febrile response and all 
recovered. Reinoculation experiments demon- 
strated cross immunity between the 2 viruses 
-i.e., St. Louis encephalitils-recovered guinea 
pigs showed no febrile response after inocula- 
tion with epidemic keratoconjunctivitis virus 
4 weeks later, and vice versa. 
Of 2 rabbits inoculated intracerebrally with 

EK-TC 17 one remained apparently well 
throughout the period of observation. The 
second developed signs suggesting CNS in- 
volvement on the 11 th post-inoculation day 
and was sacrificed when moribund on the 14th 
day. A 20% suspension of brain tissue was 
prepared and cultured under aerobic and an- 
aerobic conditions; no growth occurred. A 
few of the mice injected intracerebrally with 
this material died 96 hours after inoculation, 
but attempts to pass the agent further failed. 

Three groups of 3-4-week-old mice were 
inoculated intraperitoneally with epidemic 
keratoconjunctivitis virus (EK-TC 17 strain) 
and the 2 strains (Webster and Hubbard) of 
St. Louis encephalitis virus respectively. The 
intracerebral titers of the 3 virus pools were 

approximately equal. Each mouse received 
0.1 ml of a 10% suspension of virus. The 
mortality ratios varied considerably; the ac- 
tual ratios were SLE Hubbard: 4/15 (27%), 
SLE Webster: 12/15 (80%),  EK-TC 17: 
15/16 (94%). 

No difficulty was experienced in propagat- 
ing the virus of epidemic keratoconjunctivitis 
(strain EK-TC 17) in 8-day embryonated 
hens’ eggs. The yolk sac route of inoculation 
was employed. As a general rule, the emlbryos 
began to die in significant numbers between 
48 and 72 hours after inoculation. When sac- 
rificed a t  this *time the embryos usually ap- 
peared hemorrhagic. After removal of the 
eyes, beak and feet the remainder of the em- 
bryo was ground up in 1% bovine albumen 
solution so as to give a 10 or 20% suspension, 
and this was used as inoculum for the next 
passage. The LDso titers of the first 10 pas- 
sages varied from l P 5  to l W e T ;  the titers 
obtained with the 4th and subsequent passage 
materials were somewhat higher than has been 
the result when St. Louis encephalitis virus has 
been inoculated by the same route. 

Mice immunized against St. Louis encepha- 
litis virus (Hubbard strain) by a series of 3 
graded intraperitoneal injections at weekly 
intervals showed marked immunity to intra- 
cerebral challenge with the homologous virus 
10 days after the last immunizing injection as 
compared to control animals of the same age. 
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TABLE 111. Cross Iiiiniunitr Tests. Mice Immunized Again& SLE Hubbard. 

Chal- Virus dilutions 
leuge ,r I 

Mice virus 10-1 10-2 11)3 10-4 106 1O-e 10-7 1O-S 1W LDs, NI 
~~ ~~~ 

SLEimmune SLE 0/7 1/8 1/7 O / i  1/7 0/8 1/8 0 / 5  - >2@)0000 
Controls SIiE - - - 8/8 9/9 8/8 6/9 1/8 0/8 10-7.3 - 
SLEimmnne EK 9/10 9/9 9/9 10/10 10/10 6/9 2/10 1/10 - 104.5 20 
Controls ER - - -  7/7 7/7 7/7 6/7 3/7 0/7 10-7.8 - 

TABLE IV. Cross himunit:- Tests. Mice Immunized Agkntst EK-TO 17.' 

Chal- Virus dilutions 
lenge ,* > 

Mice virus 10-1 l+z 10-8 1 0 1  106 10-6 10.-i 10-8 10-9 LD, NI 

EKimmune EK 10/10 10/11. 11/11 9/9 8/9 6/10 2/7 0/10 - 10-6.2 16 
Contrnls EK - - -  9/9 8/8 8/R 5/7 1/8 0/7 10-7*4 - 
EKimmune SLE 1/10 2/8 2/9 3/9 3/9 3/9 0/8 0/7 - 10-1.7 790000 
Conh ola SLE - - - 8/8 8/8 8/8 7/8 2/8 0/7 10-7.6 - 

Exp. 3. 

When challenged with epidemic keratocon- 
junctivitis virus only a slight degree of in- 
creased immunity was demonstrated (Table 
111). Mice were immunized against epidemic 
keratoconjunctivitis virus (strain EK-TC 17) 
in similar fashion and subsequently challenged 
with the homologous and the heterologous 
viruses. In  3 different experiments only a 
minimal amount of acquired immunity against 
the homologous virus (EK) was demonstrated. 
In  all 3 experiments the degree of acquired 
immunity lagainst the heterologous virus (St. 
Louis Hubbard) was greater, although the 
actual neutralization indices showed consid- 
erable variation. The explanation of these 
findings is not clear (Table IV).  

Attempts ,were made to secure specitic im- 
mune sera against epidemic keratoconjunc- 
tivitis virus from outside sources. Through 
the kindness of Dr. Murray Sanders, serum 
drawn from a patient 8 years after an experi- 
mental infection with EK virus was made 
available to us. During the course of his ex- 
perimental but clinically typical infection, this 
patient (M.S.) developed neutralizing anti- 
bodies against the specific virus(2). To his 
knowledge he had never had any contact with 
St. Louis encephalitis virus. Two convalescent 
serum specimens from the Schenectady out- 
break of 1943 ( 14) were furnished us through 
the kindness of Dr. R. F. Korns. One was a 
sample from a pool of convalescent serum ob- 
tained in 1943 from patients, all of whom had 
suffered clinically typical attacks of epidemic 

keratoconjunctivitis. An undetermined num- 
ber of these individuals had been h-yperim- 
munized with epidemic keratoconjunctivitis 
virus vaccine during convalescence (but prior 
to bleeding) as well. The second specimen 
was drawn in 1943 from an individual patient 
(Crouch) who during convalescence from a 
typical attack of the disease had received 
several injections of the same vaccine prior to 
being bled as a source of hyperimmune serum. 
Neutralization tests were set up with these 
specimens against the viruses of St. Louis en- 
cephalitis and epidemic keratoconjunctivitis. 

A s  seen in Tables V and VI, patient MS 
possessed moderate levels of protective anti- 
body against both viruses. Both patient 
#Crouch and the pool of convalescent sera from 
the Schenectady outbreak showed significant 
levels of protective antibody against Sit. Louis 
encephalitis virus (Table V) . Neither speci- 
men showed any protective effect against the 
epidemic keratocon junctivitis virus (Table 
VI). 

Discussion. The findings reported here con- 
firm Ruchman's observations(3) that a close 
serological relationship exists between the 
viruses of St. Louis encephalitis and epidemic 
keratoconjunctivitis. Further and more ex- 
tensive tests must be carried out before it can 
be determined if the diffewnces noted are more 
than one would expect to exist between recog- 
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TABLE V. St. Louis Encephalitis Virus. Neutralization tests. 

F---e31;E Hubbard stmin : Final virus d3lutions-, 
Serum iw i w  i w  i w  i0-s 10-7 1-w 10-9 LD~,, NI 

SLE immune - 5/5 1/5 0/4 0/5 0/5 0/5 - 103.6 7940 
Patient M.S. - 5/5 5/5 2/5 1/5 1/5 0/5 0/5 l(F-5.2 200 
Normal horse - - 5/5 5/5 5/5 4/5 1/5 0/5 1s7.5 - 
SLE ilmmune 6/6 5/5 2/6 0/6 0/6 0/6 - - 10-3.7 5010 
Schen.Conv.poo1 6/6 6/6 5/6 0/6 0/5 0/5 0/6 0/6 lM-4 1000 
Patient.Crouch 6/6 6/6 6/6 4/6 1/6 0/5 0/6 0/6 lW.4 100 
Normal horse - 6/6 6/6 6/6 5/6 5/6 1/6 0/6 le'7-4 - 

TABLE V'I. Epidemic K e r a t ~ c o ~ u n ~ v i t i ~  Virus. Neutm-Xzarticm teats. 

[-Strain BK-TC 17 : final viru~ dilutions-, 
Serum 103 10-3 10-4 10-5 1 W  10-7 10-8 10-9 LDm NI 

ffiEimmunc 5/5 4/5 
5/5 Jia~p B - 
5/5 Patient M. S. - 

Normal horse L - 
SLE immune 6/6 4/6 
%hen. Conv. pool 6/6 5/5 
Patient ,Crouch 6/6 6/6 

6/6 Nornlal home - 

3/5 
5/5 
5/5 
5/5 
2/6 
6/6 
6/6 
6/6 

- 0/4 - 
0/5 0/5 - 
0/5 - 
4/5 2/5 0/5 
0/6 - 
2/6 0/5 0/6 
4/6 0/6 016 
2/6 0/6 0/6 

L 

- 

3160 
79 
316 

1590 
< l o  < 10 

- 

- 

nized strains of St. Louis encephalitis virus 
(e.g. JVebster and Hubbard). The serological 
results presented suggest that patient MS did 
suffer from an infection of an agent closely 
related to the virus of St. Louis encephalitis, 
if it can be assumed that no other unrecog- 
nized exposure to the latter agent had oc- 
curred. The results obtained from the 
Schenectady outbreak are more difficult to in- 
terpret since artificial immunization as well as 
natural disease presumably played a part in 
the stimulztion of antibody production, but it 
seems probable that an agent closely related to 
St. Louis encephalitis virus was the causative 
agent of the outbreak. The failure to demon- 
strate neutralizing antibodies against the virus 
of epidemic keratoconjunctivitis is difficult to 
explain in the hace of the strong presumptive 
evidence presented by Korns, Sanders, and 
Alexander ( 14) that unvaccinated individuals 
involved in the same outbreak developed spe- 
cific antibodies against this agent in the course 
of typical attacks of the disease. It is obvious 
that outbreaks of epidemic keratoconjunc- 
tivitis as they occur today should be carefully 
studied and that in addition to carrying out 
the conventional antibody studies every effort 
should be made to isolate and identify the 
etiological agent. From the epidemiological 
point of view it is interesting that a good pro- 
portion of the reported outbreaks of epidemic 

keratoconjunctivitis have occurred under con- 
ditions which did not favor arthropod trans- 
mission of the agent. 

As first pointed out by Ruchman(3) both 
straii'ls of epidemic keratoconjunctivitis virus 
have shown a marked increase in virulence as 
measured by intracerebral titrations in mice. 
The explanation for this finding is not clear. 
This agent (strain EK-TC 17) was titrated 
simultaneously in Carworth Farm CFW mice 
and in the Tumblebrook strain of Swiss white 
mice. This latter strain had been employed in 
the studies involving the protectiw effect of 
gamma globulin(6,7). The LD50 titer of the 
virus pool was identical in both titrations. 
Similar results were obtained when the Hub- 
bard strain of St. Louis encephalitis virus was 
titrated simultaneously in the two groups of 
animals. It seem3 unlikely, therefore, that the 
strain of mouse employed was responsible for 
this finding. 

Summary. Evidence has been presented 
which confirms Ruchman's observations that 
the viruses of St. Louis encephalitis and epi- 
demic keratoconjunctivitis are closely related. 
The importance of careful study of current 
outbreaks of epidemic keratoconjunctivitis as 
a means of assessing the significance 04 these 
findings is stressed. 
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