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Demonstration of Venezuelan Equine Encephalomyelitis in Tissue Culture 
By Immunofluorescence. (26289) 
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(Introduced by F. D. Maurer) 
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With the advent of cell culture technics the 
possibilities of clinical detection of virus dis- 
eases are greatly enhanced. To accomplish 
this, however, it is necessary to obtain maxi- 
mal cytopathogenic effect (CPE) , numerous 
passages to assure that the CPE is due to a 
specific virus, and finally, specific identifica- 
tion by neutralization or other serologic tests. 
The introduction of immunofluorescent tech- 
nics has presented a possibility of detecting 
virus in tissue culture cell lines prior to spe- 
cific changes in the infected cell. A model 
virus system was studied. I'enezuelan equine 
encephalomyelitis (VEE) was selected as it 
can be studied in all phases of cell culture, 
from its initial inoculation to marked CPE. 

The virus strain 
was one which had been adapted to a guinea 
pig heart cell line (GPHC) by Berge ct  al. 
( 1 ) .  The starting strain was an egg-adapted 
Trinidad VEE isolate. During SO passages 
in GPHC there had been changes in viru- 
lence for various laboratory animals without 
known alterations in serologic activity. The 
cells were maintained in Eagle's media ( 2 ) 
with 20% horse serum and antibiotics added. 
Infected and noninfected cells were grown on 
cover slips, in a Petri dish, at 37 'C under 5 %  
carbon dioxide. 

The antiserum, provided by Gochenour (3),  
was from a burro (Equus asinus) that was 
bled 2 weeks after an intramuscular inocula- 
tion olf viable VEE. The serum gave a hem- 
agglutinating titer of 1/640 and a comple- 
ment-fixing titer of 1,/520. 

The serum was divided into 3 portions: 
(a) whole serum without any treatment 
(WS) ; (b) whole serum in which the globu- 
lin fraction was precipitated with methanol 
(4) and reconstituted to four-fifths volume 
(GP) ; (c) whole serum absorbed by adding 
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1 g of tissue culture cells per 5 ml and incu- 
bating 30 minutes at  37°C with intermittent 
shaking, then adding 50 mg per cc of acetone- 
dried rabbit powder( 5 )  and shaking at room 
temperature for 1% hours, finally centrifug- 
ing in the cold a t  15,0100 rpm (ALS). All 
serum preparations were conjugated with 
fluorescein isothiocyanate( 6) .  To serums 
ITS and GP, serum albumin conjugated with 
Lissamine rhodamine RB 200 was added( 7). 
Serums were stored at 4°C. Preimmuniza- 
tion bleeding were similarly treated. 

The cover slips were fixed for 15 minutes 
in (a)  10% formalin, then washed 3 times 
with phosphate-buffered saline, pH 7.4, be- 
fore staining; (b)  in acetone, then air-dried; 
or (c) in methyl alcohol, then air-dried. If 
the cover slips could not be stained immedi- 
ately, those fixed in acetone or methyl alcohol 
were placed at -60°C, and those fixed in 
formalin a t  4"C, either in the formalin or 
phosphate-buff ered saline. 

The cover slips were overlaid with the con- 
jugated serums for 30 minutes a t  37"C, 
washed in 3 changes of phosphate-buffered 
saline, pH 7.2, and mounted in buffered gly- 
cerol. A Zeiss fluorescent microscope, with 
an OSRAM HBO 200 light source and a 
BG12 exciter and GG4-OG4 barrier filter, 
was used for all observations. 

ResuZts. Conjugated immune and control 
serums were applied to duplicate sets of in- 
fected and noninfected cover slips that had 
been harvested after 72 hours, when CPE was 
easily observable, and fixed by one of the 
3 technics used. The virus could be demon- 
strated in all infected preparations. Neither 
the infected cells treated with control serum 
nor the noninfected cells treated with immune 
serum gave specific fluorescence. The viral 
aggregates were best demonstrated with se- 
rums WS and GP to which the counterstain 
had been added. Formalin-fixed material 
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could be stored at 4°C in 10% formalin for 
periods up to 2 weeks with little or no dimin- 
ution of A uorescence, while the methanol- and 
acetone-fixed material had to be examined 
immediately, as storage even at  -60°C did 
not preserve the antigen. When an inoculum 
was used that gave maximum virus and CPE 
at the end of 72 hours but no CPE at 24 and 
48 hours, harvested cultures at these times 
gave specific fluorescence for the viral ag- 
gregates; the 24-hour culture showed a 
marked decrease in number of infected cells, 
however. With large inocula, virus could be 
determined as early as 10 hours after infec- 
tion. Unconjugatd immune serum applied 
to infected cover slips blocked over 90% of 
the specific fluorescence. Heterologous serums 
did not produce this effect. 

Discussion. An adapted strain of VEE in 
GPHC can be detected by specific immuno- 
iluorescent technic as early as 10 hours when 
heavily inoculated, and in 24 to) 48 hours with 
an inoculum that does not give a CPE during 
this period. The whole immune serum (WS) 
conjugated with fluorescein isothiocyanate 
with the counterstain added provides the best 
reagent. Although the methanol-precipitated 
conjugate (GP) produces similar results, its 
routine use could present problems, in that 
extreme care must be taken to prevent de- 
naturation and subsequent loss of specificity. 
Generally, the stability of viral antigens in 
formalin has not been studied. It is interest- 
ing that our findings show a stability of the 
antigen fixed in formalin for up to 2 weeks, 
while with the usual fixatives its stability di- 
minishes rapidly. This is undoubtedly not 
true of all viral antigens, but it suggests the 
possibility of studying the pathogenesis of 
viral diseases in routine pathologic specimens. 

Fig. 1 shows the infected cell treated with 
the immune conjugate. In the infected con- 
trols, viral aggregates are demonstrated on 
the periphery od the cell. Undoubtedly there 
is other virus present, but i t  evidently is not 
in a degree of maturation to be detected. I t  
is believed that there is no problem of pene- 
tration of the antibody into the cell, as evi- 
denced by the fact that yellow fever virus 
Ci5n be detected in the perinuclear region(8), 

FIG. 1. Infected GPHC trea,ted with conjugated 
immune whole serum (WS). 

and infectious canine hepatitis virus in the 
intranuclear inclusion bodies (9) . The virus 
cannot be detected prior to 10 hours, possibly 
because of an eclipse phase. With this virus 
there may be a breakdown of the virus par- 
ticles, with a lack of antigenic sites for anti- 
body attachment. 

Further studies are in progress to deter- 
mine the time required for cultures of non- 
adapted strains of VEE to grow before being 
demonstrated by this method. If nonadapted 
strains can be detected with equal facility 
this procedure could provide a valuable diag- 
nostic tool at the clinical level. 

Summary. In a guinea pig heart cell line, 
infected with an egg-adapted strain of Trini- 
dad VEE, the virus could be demonstrated by 
immunofluorescence prior to development of 
CPE. Formalin fixation preserved the anti- 
genicity, and the cover slips could be stored 
in this fixative at 4OC for periods up to 2 
weeks without diminution of specific fluores- 
cence. A whole burro serum conjugated with 
fluorescein isothiocyanate with a counterstain 
added proved a inore reliable reagent than 
fractionated or absorbed sera. The model as 
described has the possibility of obtaining a 
specific viral diagnosis at the clinical level in 
the period normally required for initial isola- 
tion by conventional cell culture technics. 
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Although the capacity of prolactin to in- 
duce antibody formation has been demon- 
strated( 1 ) ,  no recent studies have been re- 
ported in which the antigenicity of relatively 
small doses of more purified prolactin prepa- 
rations have been evaluated. A study was 
therefore designed to evaluate the antigeni- 
city of a relatively pure preparation of pro- 
lactin and to investigate the possibility that 
such antibodies could be employed in a useful 
assay for this hormone. The present study 
confirmed the ability of prolactin to induce 
antibody formation. The antisera that were 
obtained yielded hemagglutination reactions 
which were inhibited by small quantities of 
added prolactin. but which were not inhibited 
by much larger amounts of other pituitarJ7 
hormones. 

Materials  and znethods. Prolactin : .I 
highly purified preparation of ovine lacto- 
genic hormone witb a stated potency of 1 5  
I.U./mgt was used. Immuni za t ion .  Adult 
white rabbits were injected subcutaneously 
with saline solutions of prolactin suspended 
in equal volumes of Freund’s complete adju- 
vant. Each of the following amounts of pro- 
lactin was given to a different animal: 0.1 
rng (Rabbit l ) ,  2.5 mg (Rabbit 2 ) ,  12.5 mg 
(Rabbit 3 ) .  Eleven weeks later boosters of 
0.25 mg of prolactin were given to rabbits 
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2 and 3,  and one week subsequent to initial 
injection. a 0.5 mg booster was given to rab- 
bit 1 . Sampling : Peripheral blood samples 
were obtained from all 3 animals just prior 
to immunization. Rabbit 1 was bled again 
3 weeks later, while multiple samples were 
obtained from Rabbits 2 and 3 from the third 
to 12th week after the initial immunization. 
The antiserum obtained on the 12th week 
from Rabbit 2 was used in evaluation of the 
inhibition of hemagglutina tion. Hemagglzi- 
tinatiotz t i ters:  All serum samples were heated 
to 56°C for 30 minutes to inactivate comple- 
ment and absorbed with sheep erythrocytes 
to prevent nonspecific hemagglutination. An- 
tigen-antibody reaction was evaluated by the 
hemagglutination technic ( 2 ) .  Each 1 .O ml 
volume of a 2 .57 ,  suspension of washed, tan- 
nic acid treated sheep erythrocytes was sensi- 
tized with 0.2 mg of prolactin. Of this sus- 
pension 0.06 ml was added to tubes contain- 
ing either normal rabbit serum, serial dilu- 
tions of antisera, or serial dilutions of test 
materials in antiserum. Significant hemag- 
glu tination was considered to have occurred 
i f  a t  the end of 3 hours the erythrocyte sus- 
pension appeared as a granular layer of cells 
covering the bottom of the tube. Less marked 
agglutinations were classified as negative. 

Resul ts .  All animals lacked demonstrable 
anti-prolactin antibodies prior to immuniza- 
tion: all developed such antibodies after im- 

t Boosters for Rabbits 2 and 3 were in saline. 
Booster for Rabbit 1 was in Freund’s complete ad- 
juvant. 


