
722 

Rate of Propagation of Japanese B Encephalitis Virus in Hamster 
Kidney Cell Cultures." (24756) 

FRED H. DIERCKS~ AM) \\-ILLIAM RlcD. HAMMON 
Dept .  of Bpidetniology and Micvobiolog?, Gradirate School of Public Health, University of 

Pittshrirgh, Pa .  

The usefulness of hamster kidney cell 
(HKC) cultures for detection and propaga- 
tion of Japanese B encephalitis (JBE) virus 
has been established ( 1 . 2 ) .  The purpose of 
this report is to record the rate and pattern of 
viral ~7ield and increase following inoculation 
of HE;(' cultures with known infective doses 
of virus. 

NafcriaZ and nzethods. The methods used 
for preparation and maintenance of HKC cul- 
tures for routine laboratory use have been de- 
scribed (2) .  Briefly reviewed. the methods 
used were essentially identical with those cur- 
rently in use for processing of monkey kidney 
cell cultures with only minor modifications. 
The procedure employed for manipulating the 
labile JRE virus was unique in that the virus 
yield was harvested by addition of an equal 
volunie of inactivated normal calf serum prior 
to shell freezing and storage a t  dry ice hos 
temperatures. This practice permitted row 
tine laboratory nianipulations to be carried 
out without undue loss of titer. The Saka-  
yama strain of JHE virus was used through- 
out our studies and the standard diluent for 
virus titrations consisted of maintenance me- 
dium fortified with 10% inactivated normal 
calf serum. All calf serum used was pretested 
for presence of JRE neutralizing antibodies 
and shown to have a neutralization indes of 
less than 10. E v p .  ..I. The 10th HKC pas- 
sage pool of virus. which had a TCD,,, titer 
of 10 {'+(', was diluted in a 10-fold dilution se- 
ries from 10 through 10.:. Each of 72 repli- 
cate HKC culture tubes was then inoculated 
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with 0.1 mI of the 10 dilution and each of 
an additional 72  replicate tubes received 0.1 
ml of the dilution. Therefore, the TCDso 
used for these inoculations were approximately 
1 .OOO and 10 respectively. A t  predetermined 
time intervals following inoculation, 6 tubes 
from each dosage level were harvested with 
the addition of an equal volume of normal calf 
serum. These shell-frozen and thawed har- 
vests were ther? pooled and dispensed to glass- 
sealed ampules which were rapidly frozen in 
ii dry ice alcohol bath and stored a t  dry ice 
box temperatures until thawed for titrations 
in HKC cultures approximately 2 weeks later. 
At time of titration, each sample of stored vi- 
rus was melted at  37"C, diluted in a 10-fold 
dilution series and 0.1 ml of the appropriate 
dilutions inoculated into each of 3 replicate 
HKC culture tubes. 

Results of these titrations plotted (Fig. I )  
showed that following inoculation of 1,000 
doses of virus. the fluids harvested 3 hours 
later still contained virus to a titer of 1 0 - l a 8 /  
0.1 ml. Six hours after inoculation, virus con- 
tent was still declining. Twenty-three hours 
following inoculation, the titer noted was 

which then increased to a titer of 1 W 8  
by the 32nd hour. The 46th, 52nd and 69th 
hour harvests showed further increases of in- 
fective content with titers of 10-5-8, lC6e5 and 
10 i~:i respectively. N'ith the 10 TCDBo in- 
oculum, the harvest stored immediately after 
inoculation failed to reveal the presence of 
virus. However, both the 1- and 4-hour har- 
vest showed the presence of virus in 1 of 3 
tubes inoculated with undiluted material. 
\'irus increase was readily detected after 24 
and 33 hours of incubation with titers of 10 2-1 
atid 10 zS respectively. The 47th, 53rd and 
70th hour yields showed a further increase in 
titer from 10+~ to 10-5*5 to finally 10-6.3. 

These data show form and pattern of virus 
replication to he essentially a straight line 
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25th passage pool of virus was estimated to 
have a mean TCDSo of 1 W 8  based on prior 
duplicate titrations carried out a t  log inter- 
vals. As inoculum for this experiment, the 
stock virus was diluted to a concentration of 
10-4.8. This dilution of virus in a volume of 
0.1 ml: which represented approximately 100 
TCD.-,(,, was used to inoculate 52 replicate 
HKC culture tubes. Immediately following 
inoculation, 4 tubes were harvested in the 
usual manner. This harvest was designated 
as time zero. At  24 hour intervals thereafter. 
6 replicate cultures were harvested and pooled 
in the same manner as in Exp. A. These pools 
of infective tissue culture fluids were stored at  

TIME t HOURS) dry ice box temperatures for a period of ap- 
FIG. 1. Propagation of Japanese B encephalitis proximately 2 weeks, a t  which time they were 
virus in liainster kidney cell cultures following in- thawed and titrated in HKC cultures using 4 

replicate tubes for each 10-fold dilution. oculation with 10 and 1,000 tissue culture doses of 
virus.* 

Following inoculation with 100 TCDSo of 
* Harvests collected 3, 6, 23, 32, 46, 52 and 69 lir 

after inoculation were titrated in lo-fold dilution virus, the tubes responded in the way 
series using 3 tubcs of hamster kidney cell cultures and showed minor evidence of cytopathic ac- 
per dilution for the 1,000 TCD,, inoculum. For the tivity when examined 48 hours later. ~ 0 ~ -  10 TCD, iiioculum, harvests collected immediately 
after inoculation and after I, 4, 24, 33, 47, 53, and phologic changes at  the end of 7 2  hours of 
70 hr of incubation were titrated in a, similar man- incubation were recorded as 3+ prior to har- 
ner. Points plotted are TCD,, of the individual 
titrations. The data obtained for the 6 hr and 34 vest Of the 6 tubes, and from the 96th hour 
hr  hn.rvcsts are estimates only, since dilutions used following inoculation onward, the cellular 
for assay did not completely bracket the endpoint mono~ayers were graded as 4+ degeneration. of inf cctivity. 

The successive titers obtained, expressed as 
logarithmic increase of infectivity after a 
brief latent period following inoculation. Al- 
though a slight decrease in rate of growth is 
suggested for the 1,000 TCD5,) inoculum dur- 
ing the late time period, in neither instance 
was a definite plateau reached; therefore, it 
is not known whether the viral increment re- 
sulting from the smaller inoculum would have 
reached an ultimate titer equivalent to that 
attained by the larger dose. Over the period 
of observation, the 2 curves revealed slopes 
essentially identical but spaced approximately 
1 log higher in the case of the larger inoculum. 

Exp. B .  For practical purposes of select- 
ing the optimal day for harvest of tissue cul- 
ture fluids following inoculation and to sup- 
plement the information gained with the 10th 
passage virus an additional experiment was 
clesigiietl to gain information regarding daily 
increase of iiifectivity by 24 hour t h e  inter- 
vals, using the 25th passage level virus. The 

negative logarithms of infective titer, were: 
<1.0, 2.5, 5.8, 6.3, 6.5, 5.7, 4.4, <3.0, and 
<3.0 (Fig. 2). These results showed that 
viral increment as measured by infectivity 
reached its peak at  the 72nd or 96th hour fol- 
lowing inoculation, at  a time when the cellu- 
lar monolayer was first graded as 3 or 4+. 
The slope of increasing viral titers during the 
first 3 days appears to be somewhat steeper 
than the slope of decline as measured by titer 
changes at the end of the 5th and 6th days. 

Exp. C. One final experiment was designed 
to gain a greater insight into the actual re- 
plication of virus by the infected HKC mono- 
layer. The 25th passage virus again served 
as inoculum and the dilution used was pre- 
pared as described above for Exp. B.  Each 
of 10 replicate tu'bes of HKC cultures re- 
ceived 0.1 rnl of virus estimated to contain 
100 'IX'D;,,. Five of these tubes served as 
1)ositive controls on virus activity and dis- 
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played 3+ degeneration 72  hours followiny 
inoculation. which progressed to complete. or 
4+. at  the end of 96 hours. S e a r  the end oi 
the 2nd daj.. beginning a t  the 45th hour after- 
inoculation and continuing a t  hourly inter\.alb 
to  the 52nd hour. total fluids from the 5 test 
cultures were removed and pooled in a small 
flask. The monolayer w s  then washed o n t i  

time with I ml of maintenance niediuni. Onti 
nil of fresh maintenance medium was added 
and the t u l m  returned to their stationary po- 
sition in a 37 C. incubator. The pool of tis- 
sue culture fluid obtained from the 5 cultures 
was stabilized by adding 5 ml of normal calf 
serum and then was dispensed to ampules 
which were shell-frozen prior to storage a t  dr!. 
ice box temperatures. -Again near the end oi 
the 3rd and 4th days the 1)rocedure was rc- 
peated. Therefore. hourlj- harvests were marit, 
on the 45th through the 5 2 n d  hour. similarl! 
the 69th through the 76th hour and from thc 
93rd to the 100th hour following inoculation. 

The acciimulated dilution factor from t hr. 
45th hour to  the 99th hour was of the order o f  
10 ''; i f  one considers that a volume of  0.1 mi 
of tluid remained i n  the tutw after Iioiiring off 

the yield, adding and discarding the 1 ml wash 
and the addition of 1 ml of fresh maintenance 
media following each harvest ( L e . ,  23 wash- 
ings over a 3-day period each representing ap- 
proximately a 10 -2 dilution factor). 

-4pprosimately 3 weeks later, selected 
stored harvests were titrated for infectivity in 
HK(' cultures using 10-fold dilutions and 3 
tubes for each dilution. The  results of these 
titrations are summarized in Table T. 

-4s ii further check on the validity of these 
result.;. the 69th and 70th hour yields (18 
hours and 1 hour growth respectively) were re- 
titrated using % log dilutions and 4 tubes per 
tlilution. The  TC'D-,l, for the 18 hour period 
harvested a t  the 69th hour was 10 7-'j and for 
the 1 hour period harvested a t  the 70th hour 
w a s  10 'L~;  (Table TI). 

Oisc-ussion. The first 2 experiments are in 
essential agreeinen t. providing a reasonable 
;ipl)rosiniation of the cumulated infective viral 
\*ield to be expected following inoculation of 
HKC' cultures with from 10 to 1,000 TCDZO of 
at  least partially HK(' adapted JBE virus. 
The maximum titer is probably reached 
slightly more rapidly by the greater inoculum 
;ind there is a suggestion that the plateau is 
reached somewhat more rapidly by the 25th 



passage virus than by the 10th. possibly the 
result of further adaptation. 

From the first 2 experiments it is not pos- 
sible to determine actual rate of virus growth 
or when replication ceases? for viral degrada- 
tion is proceeding a t  an unknown rate and 
what is being measured is the difference be- 
tween these two opposite forces. 

Exp. C was designed to clarify this com- 
bination of replication and degradation, a t  
least in ?art. It is evident from the combined 
results obtained that viral replication by the 
monolayer begins prior to the onset of marked 
cytopathogenic effect (CPE) and that virus 
continues to be released in the medium as long 
as cells remain in the monolayer. During the 
plateau phase shown in Exp. B, Fig. 2 (rela- 
tively constant level of active viral titers in 
tubes left undisturbed following inoculation) 
it is obvious that viral deterioration is pro- 
gressing at  a rate equal to that of viral release 
by the cells since during these same time pe- 
riods (days 2 through 4) in Exp. C (Table 
I )  the hourly harvests indicated a relatively 
constant rate of yield. After 120 hours fol- 
lowing inoculation. when the monolayer had 
completely disappeared the rapid rate of log- 
arithmic titer fall (Fig. 2 )  suggests that the 
released: degenerated cells were yielding no 
more virus and that the late portion of this 
slape (estimated in part) may represent the 
true rate of viral degeneration. Providing pH 
changes and other modifications of the me- 
dium due to cell growth have not greatly al- 
tered the rate of viral degeneration. it may 
be assumed that this goes on a t  a constant 
rate from time of release of virus from the 

first infected cells (less than 24 hours after 
inoculation until all virus becomes inactive. 

The infectivity titers attained in the har- 
vested fluids are apparently largely the result 
of viral replication or release as it occurs dur- 
ing the previous hour (Tables T and 11). The 
detectable accumulation of infective virus 
after overnight incubation does not exceed 
that of 1 hour growth by more than 1% logs 
and in the more precise titration was only 0.7 
logs. This fact emphasizes the lability of the 
Japanese €3 encephalitis virus at ordinary in- 
cubator temperatures in the usual tissue cul- 
ture medium. Viral titers obtained by these 
hourly harvests beginning 24 hours following 
inoculation and during the next 48 to 72 hours 
are sufficiently high to suggest that this tissue 
culture system may provide an inexpensive 
source of potent virus-containing fluids which 
can be sufficiently concentrated by physical or 
chemical means to serve a number of purposes. 
The starting material need contain little pro- 
tein or other extraneous materials as compared 
with mouse brain or chick embryo which has 
been used previously (3,4).  Although not yet 
tested it appears reasonable to expect that 
during the phase of maximum viral release by 
the cells all serum may be omitted from the 
medium, since cell growth is no longer of im- 
partance. By the use of infected monolayers 
of HKC, which are releasing virus continu- 
ously, it should now be feasible to devise 
technics which would permit a continuous 
flow of fluid to be harvested directly into a 
container maintained at  dry ice box tempera- 
tures during the period of optimal virus re- 
lease. Such fluids would then provide an in- 
expensive starting material for subsequent 
concentration and purification procedures. 
This has obvious potentialities for an inacti- 
vated vaccine. I t  seems probable that studies 
similar to those which have been done on puri- 
fication of poliovirus from infected tissue cul- 
ture fluids( 5 )  are now within the realm of 
possibility. 

Preparations such as these, probably with- 
out concentration, and relatively devoid of 
inactive virus should have a real application 
in revealing the true neutralizing capacity of 
immune sera since it is probable that inactive 
virus is capable of combining with antibody 



and ~ h u s  altering the results of diagiiostic. 
neutralization tests. Certainly further n-ork 
along these lines. comparing the result.; 01) -  
t a i ned w i t h n eu t r a1 i za t i on t es t s perf or m erl i 11 
the wiial manner antl with  virus preparetl 
froni a 1 hour 1)eriod of replication is indi- 
cat ed . 

1;inally. these active. hourly harvests of 
virus may provide a niore delicate means for 
studj-ing antigenic relationships 1)etween mem- 
bers of the arthropod-borne viruses. since ani- 
mals iinmunizecl with active tissue culture 
virus niay l ~ w l u c e  a niore specific antibod! 
than that 11 ow obtainable f (11 1 ow i ng i ni ~n 11 n i za - 
tion with virus  usp pensions containing not only 
large qumtities of animal protein h i t  also 
\xrying quantities of inactive virus. These 
activelj. replicating HK(’ cultures n i a~ .  also 
\)rove useful as new tools ior study of the pro- 
duction of antigens for denionstrating ooniple- 
men t - fi Xing and hem ag gl 11 ti na ti ng act i vi ty of 
the virus. 

S Z ~ ~ ~ Z I ~ Z ~ Z I ’ ~ ~ .  I.”dlowing inoculation of HKC 
cultures with JBk: virus: virus content in- 
creases bjy geometric increment after a brief 
latent period and yields a maximum titer of 
virus usuallj. of the order of 10; infective uiiits 

iwr 0. I 1111 of tissue culturc Iluid 72 to 96 
hours following inoculation. Infectivity of 
the tissue culture tluids then decreases during 
thtl nest several days as all of the cells of the 
nwnolayer itre destroyed by the cytopatho- 
genic activity of the virus. Further studies 
during the 69th to 75th hours following in- 
oculation with JBE virus showed that the in- 
fected H K(‘ nionolayer is capable of releasing 
infective virus to a titer of the order of lo”.” 
to 1 0 ‘ L S  per 0.1 nil a t  hourly intervals. The 
1)ractical antl theoretical implications of these 
tindings for further studies have been dis- 
cussed. 
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Vi r us Trans f 01- mat ion. ( 24757) 

JOSEPH SHACK ANI) LAWRENCE KILHAM 
National Cancer Inst. and Division of  Hiologics Standards, N.I.H.,  Bethesda, M d .  

?‘ransformation of fibroma into inysonia 
virus in tissue culture using myxoma virus in- 
activated by heat as transforming agent 
(TAM) has been described ( 1.2 ) . Further 
findings indicate that T.431 consists of mj*- 
xonia virus 1)articles which have lost infectiv- 
ity due to denaturation of their outer proteiii 
coats. These particles are not affected by 
deoxyribonuclease ( DSase) ( 3 ) .  Continuing 
investigations have aimed to remove outer 
coats in an effort to reveal an inner core of 
DNA. The present communication describes 
how urea treatment renders TAM susceptible 
to the destructive action of DNase, while not 
reducing its ability to transform. These find- 

ings suggest that DXA is essential to the 
Herry-Dedrick phenomenon (4). 

Materials and methods. Recent modifica- 
tions in procedures used in transformation ex- 
1)eriments i n  tissue culture( 1,2) may be out- 
lined as fol lows:  Fibromu virus. The live 
\irus used was pre1)ared from fibromas made 
into a 1 : 10 suspension with the medium used 
for tissue cultures. After clearing by repeated 
centrifugations at 3,000-4,000 rpm, the sus- 
pensions were stored at -7OOC. Preparation 
of T A M .  Myxoma virus was prepared as a 
1 : 10 suspension of ground tumors in pH 7.2 
phosphate-buff ered saline containing 10% 
calf serum (inactivated) as well as penicillin 


