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Propagation of Hog Cholera Virus in Tissue Culture." (26215) 

JAMES H. GILLESPIE, BEN E. SHEFFY AND JAMES A. BAKER 
Veterinary Virus Research Institute, New Fork State Veterinary College, 

Cornell University, Zthaca, N .  Y .  

Cultivation in tissue culture of a cyto- 
pathogenic strain of hog cholera virus would 
be useful for its study since inoculation of 
pigs has been the only method available. Pig 
studies are not easily done, and, conse- 
quently, our knowledge of hog cholera virus 
has not kept pace with that available for 
those viruses that have been cultivated in 
tissue culture with olbservable cytopathic ef- 
fects (CPE).  

Hog cholera virus has been propagated in 
tissue culture ( 1 - lo) ,  but either cellular 
changes were not observed or were not easily 
recognized, and surety that virus was pres- 
ent required a test in pigs. Other animal vi- 
ruses, and in particular virus diarrhea virus, 
also have been observed to1 behave in this 
manner; yet, persistent attempts with differ- 
ent strains ( 11 ) eventually located some that 
were cytopathogenic. &o, modifying me- 
diums used for culture of cells proved suc- 
cessful for some viruses ( 1 2,13 ) . 

This report concerns the culture of a par- 
ticular strain of hog cholera virus that prol- 
duces CPE. 

Tissue culture method. Primary mono- 
layer cultures were prepared from kidneys of 
pigs 5 to 16 weeks of age. Growth was ini- 
tiated with Earle's balanced salt solution 
(SO%), 0.5% lactalbumin hydrolysate 
( 10% ) , bovine serum ( lo%),  penicillin ( 500 
units per ml) , streptomycin (100 mg per ml) , 
and mycostatin (I00 units per ml). Excel- 
lent cell sheets were produced and were main- 
tained in good condition for a t  least 2 months 
by a change of medium twice a week. 

At time of virus inoculation, some of the 
tubes were washed with buffered salt solu- 
tion and a type of medium used successfully 
by Karzon for cultivation of distemper virus 
was substituted( 1 2 ) .  This medium consisted 
of 50% bovine amniotic fluid, 46% Earle's 

* The authors acknowledge with appreciation sup- 
port from the Office of Naval Research. 

salt solution and either 476 lamb serum, 4% 
bovine serum, or 476 pig serum. The same 
antibiotics as used in the original medium 
were added. 

Virus inoculum. The following strains of 
hog cholera virus were prepared for inocula- 
tion: 1. Virulent strain A( 14), maintained as 
fully virulent virus by transfer in swine. -4 
10% suspension of spleen from an infected 
pig was used as inoculum. 2. Modified 
strain A(14), modified in virulence by 17 
serial transfers in rabbits. A 10% suspension 
of spleen from an infected rabbit was used as 
inoculum. 3. Persistent strain A(  15) ,  ini- 
tially modified in virulence by transfer in 
rabbits and then reverted to virulence by 
establishing a persistent, viremia in young 
pigs. A 50% suspension of blood from an 
infected pig was used as inoculum. 4. Viru- 
lent strain It was inoculated as a 50% sus- 
pension of blood from infected swine. 5. 
Virulent strain IIi, furnished as dried ma- 
terial which was reconstituted befolre inocu- 
lation. 6. Virulent strain II1,t also fur- 
nished as dried material which was recon- 
stituted and then inoculated. 

A11 strains were inoculated in 0.2 ml 
amounts into each of 5 tubes that contained 
the different media. Uninoculated tubes were 
retained for comparison. The tubes were in- 
cubated a t  37°C for 7 to 10 days before final 
reading. 

Presence of zrirzrs. Since the objective 
sought was a strain of virus that produced 
CPE, tubes were examined daily for evidence 
of cellular changes. Whether effects were 
noted or not, fluids were removed from each 
group of tubes 7 to1 10 days after inoculation, 
pooled, and 0.2 ml were transferred to other 
tubes. If no changes were noted after 5 

t Virulent strain I was kindly supplied by Dr. 
Donald P. Gustafson, Purdue Univ. and virulent 
strains I1 and I11 by Dr. Howard W. Dunne, Penn- 
sylvania State Univ. 
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transfers, further attempts were discontin- 
ued. If cell changes were noted, transfers 
were continued. Results are presented in 
Table 1. In later passages, Parker 199 
(865% ) . lamb serum (475 ) , 0.570 lactalbu- 
niin hydrolysate ( 107; ) ,  plus antibiotics was 
used. This also was tried with 4% bovine 
serum substituted for lamb serum. 

Sera were procured from 14 pigs a t  time 
of inoculation with modified hog cholera 
virus and again 2 1  days afterward. For in-  
oculation, Strain -4 virus was used for 4 pigs 
and another strain was given the others. 
Since some pig sera were toxic to tissue-cul- 
tured cells. each serum was diluted 5-foId :”I 
then tested for its capacity to neutralize Lri- 
rus. Equal portions of diluted serum and 
undiluted tissue culture fluid froni infected 
tubes were mixed. placed in the refrigerator 
€or 2 hours and 0.2 ml inoculated into each 
of 5 tubes. ,4t the same time, tissue culture 
fluid was titrated for virus. Also, compara- 
tive virus titrations were made in pigs, 
Fluids from tubes also were cultured for 
PPLO and other bacteria. Kone were dem- 
onstrated. 

Rcmlts. Only strain A. that had been es- 
tablished as a persistent virernia in pigs. pro- 
duced CPE and onl>r in the medium that 
contained amniotic fluid and lamb serum 
(Table I ) . Subsequent passages showed this 
to be a reproducible effect during 26 serial 
passages (Fig. 1 )  in this medium. although 
similar changes were noted when Parker 199 
and 4% lamb serum was used. As in initial 

- means no CPE; f, CPE found. 
Toxic niexiis cells in miinoculated tubes ilegcwer- 

a tccl. 

E’L(;. 1. T’iiiiiociilated iiioiiolayer of pig kidney cells 
( Icf t  ) .  On right, pig kiclrie? cells infected with hog 
c,lioler;i yirus. Note cytopathic effects in the form 

of vt.11 clegcneratioii 2nd broken cell sheet. 

tests, when bovine serum was substituted for 
lamb serum, CPE did not develop. 

Titrations of tissue culture fluids from 
inoculated tubes showed approximately 100 
TCTD,,,. Comparable tests in pigs showed 
the same endpoints. Tissue-cultured virus 
from S. 16 and 32 transfers produced signs 
of illness and lesions typical of hog cholera. 
,After 3 days temperatures became elevated 
and the pigs died 9 to 2 0  days later. Au- 
topsy revealed hemorrhagic lymph nodes and 
petechiation of kidneys and bladder. Tissue- 
cultured virus was neutralized by sera from 
pigs 21  days after inoculation with modified 
virus but not by sera at time of inoculation. 

Discussion. Factors responsible for the 
C‘PE produced by this particular strain of 
hog cholera virus are not shown by these 
studies. It is important t o  note that this 
strain had been modified and reverted from 
attenuation to virulence in a single pig pas- 
sage. Furthermore, there were 1010~ t a  1000 
times more virus in the inoculum than is 
ordinarily produced by virulent strains main- 
tained in the usual manner (1 5 ) .  The large 
amount of virus may have been a factor. lni- 
tially. i t  was thought that  the mediuni was 
important. and it is, to the extent that lamb 
serum permitted the virus to be cytopatho- 
genic. u-hile bovine serum did not. Lamb 
serum, therefore, was an essential constitu- 
ent whether in conibination with amniotic 
fluid medium or Parker 199. Whatever the 
reason, a strain of hog cholera virus is now 
available for study and, since i t  was neutra- 
lizable i t  should be helpful for serological 
tests. 
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Summary .  A strain of hog cholera virus 
has been procured that produced CPE in tis- 
sue cultures of pig kidney cells. This tissue- 
cultured virus produced typical hog cholera 
when inoculated into susceptible swine and 
i t  was neutralized by immune sera. 
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Response of Lactic Acid Bacteria to Amino Acid Derivatives. V. L- DL. 
and D-Valic Acids.* (26216 j 

MERRILL N. CAMIEN AND MAX S. DUNN 
Chemical Laboratory, University of California, Los Angeles 

It was recognized as early as 1947(2 j that 
either L- or D-phenyllactic acid, but not D- 
phenylalanine, is an effective substitute for 
L-phenylalanine in Lacto bacillus ara binosus 
nutrition. Corresponding relationships be- 
tween the optical forms of phenyllactic acid 
and phenylalanine were subsequently shown 
to hold additionally for a variety of other 
lactic acid bacteria(3). Utilization by L. 
arabinosus, Leuconostoc Ynesenteroides and 
Streptococcus jaecalis of various hydroxy 
acid analogs in place of the colrrespolnding 
amino acids was reported by Holden, et al .  
( 4 ) .  but these authors’ data do not include 
determinations of optical specificity. It was 
desirable, therefore, to secure more complete 
information on utilization of optically active 
hydroxy acids other than phenyllactic acid. 
The present report concerns utilization of the 
valine analogs, L-, DL- and D-valic (a-hy- 

*Paper 133. This work was aided by grants from 
U.S.P.H.S. and Univ. of California. The authors are 
indebted to Evelyn Brown and Audree Fowler for 
assistance. For the preceding paper in this series see 
Camien and Dunn(1). 

droxyisovaleric) acids. 
Methods .  L- and DL-valic acids were 

synthesized from L- and DL-valines essen- 
tially as described by Baker and Meister ( 5 ) .  
D-Valic acid was produced by resolution of 
DL-valic acid with cinchminet. Microbio- 
logical procedures and medium were the 
same as those used previously(3) except L- 
phenylalanine, final concentration 20 mg %, 
was included in the medium and DL-valine, 
DL-norleucine and DL-norvaline were 
omitted. Bacterial cultures have been de- 
scribed ( 1,6). 

Resul ts .  Preliminary screening of 10 bac- 
teria revealed that Lactobacillus arabinosus 

t DL-Valic acid 10 g, cinchonine 2.5 g and dry 
acetone 50 ml were stirred with a magnetic stirrer 
for 3 hours in a closed flask. Filtration of mixture 
yielded 13 g of essentially pure D-valic acid-cincho- 
nine salt. The product was washed with cold acetone 
to remove residual traces of the highly acetone- 
soluble L-salt. It is of interest that although this 
procedure was consistently successful for resolution 
of DL-valic acid, it appeared to be relatively ineffec- 
tual in resolving DL-leucic acid. 


