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Propagation of Bunyamwera, West Nile, Ilheus, and Br I Viruses in 
Human Cells in Tissue Culture." (21044) 

CHESTER M. SOUTHAM AND VIRGINIA I. BABCOCK. 
From the Clilzical Virology Section, Sloan-Kettering Znstititie for Cancer Research, S e w  York C i t y  

The data to be presented demonstrate the 
sustained propagation of West Nile, Egypt 
101, Ilheus, Bunyamwera, and Br I viruses 
in tissue cultures of human normal lymph 
nodes, and suggest that prolonged propaga- 
tion of Bunyamwera virus in these human 
cells has altered its pathogenicity for mice. 
These studies also indicate that these viruses 
have little cytopathogenic effect under these 
experimental conditions. 

&i!ater.ials and methods. Viruses. Bunyam- 
wera, West Nile, Egypt 101. and Ilheus 
viruses are mosquito-borne viruses capable 
of causing encephalitis in man and of inhibit- 
ing growth of certain mouse tumors. Egypt 
101 is a recently isolated virus(3) which ap- 
pears to be serologically identical with West 
Nile virus, but differs from the original iso- 
late in its pathogenicity for man( 11:12). De- 
tailed literature surveys are available else- 
where(4,13). Br I virus was isolated from 
mouse brains by Dr. Hilary Koprowski dur- 
ing studies of intracerebral heterologous tu- 
mor growth (personal communication). Prior 
to growth in tissue cultures, all viruses were 
maintained by intracerebral passage in mice. 
Identity of Ilheus. West Kle ,  and Egypt 101 
viruses was established before and during the 
tissue culture studies by neutralization tests 
with known specific antisera (neutralization 
indices of 100 or greater). Rr f virus was 
recently obtained from Dr. Koprowski and 
serologic identification was not attempted. 
Neutralization studies with Bunyamwera 
virus failed to show neutralization of 
more than one log using 2 sera supplied 
by other laboratories or sera from rabbits 
repeatedly inoculated with this virus in our 
own laboratory. The virus is: nevertheless, 
considered to be Bunyamwera because the 
original stock from which these studies were 

* This study was supported in part by an institu- 
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initiated was so designated, and because its 
infectious characteristics for the mouse (de- 
scribed in text) are in agreement with the 
original descriptions( 8) and have remained 
constant throughout studies of this virus in 
mice at  this institute. Tissue cultures. The 
cells were grown from histologically normal 
lymph nodes obtained by therapeutic node 
dissection from patients with various types, 
of cancer. The roller slide technic was used. 
This entailed the embedding of tissue frag- 
ments in chicken plasma clot on a free cover 
slip which was then placed in a roller tube 
with 2.0 ml of a nutrient medium consisting 
of 45% 2 16 balanced salt solution(S), 50% 
cell-free ascitic fluid from humans with can- 
cer. and 5% chick embryo extract. Cultures. 
were incubated in roller drums at  37°C for 
6 to 14 days prior to the introduction of virus 
(a single exception was incubated for 28 days 
prior to inoculation) and were not used for 
virus inoculation unless cellular outgrowth 
occurred. The cells were chiefly fibroblastic. 
Lymphocytes were common in young cul- 
tures: but rare after 10 days. It has there- 
fore been assumed that the cells which sup- 
ported the virus growth were fibroblasts. 
Cultures were fixed and stained at the end of 
each study. Cytologic study of living cul- 
tures was not attempted. Virus technics. 
For primary inoculations 0.2 ml of 1.0% 
virus-infected mouse brain was added to 3 or 
more tubes of a tissue culture, and an equal 
number of control tubes of the same culture 
received normal mouse brain suspension. The 
initial virus dilutions thus became 1PS. For 
subsequent passages, supernatant fluids of 
the 3 replicate tubes were pooled and 0.2 ml 
was transferred undiluted to new cultures 
containing 1.8 ml of nutrient solution. Cul- 
tures were re-fed at intervals of 4 to 10 days, 
thus causing a further lGfold (or greater) 
dilution of the original mouse-brain inoculum. 
Viruses were titered in 18-20 g female white 
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FIG. 1. Demonstrating rapid disappearance of 
Bunyamwera virus when incubated in the absence 
of cells, in contrast t o  persistence of virus in cells 
and in the supernatant fluid from tissue cultures. 

Swiss (Banks) mice by intracerebral inocula- 
tion of 0.03 ml of serial lefold dilutions of 
tissue culture fluid (or a triturated suspension 
of cells and clot in one experiment). Three 
mice were used per dilution. LDSo titers were 
calculated by the Reed-Muench method (6). 
If undiluted fluid (10” dilution) contained 
some virus, but less than an LDSo, it is 
plotted in the figures midway between 0 (no 
virus demonstrable) and 10”. Control and 
infected cultures were treated identically 
through all re-feedings, passages, and titra- 
tions. 

Results. Bunyamwera virus. Proofs of 
propagation. When Bunyamwera virus was 
added to a tissue culture “blank” consisting 
of glass, plasma clot, and nutrients, but with- 
out any cells, detectable virus decreased 
rapidly in the first 24 hours, and no virus was 
detectable when tested a t  4 days or thereafter 
(Fig. 1 ) .  In  marked contrast, in one ex- 
periment, Bunyamwera virus was consistently 
maintained within a single tissue culture 
(re-fed at weekly intervals) for 94 days. 
Another similar study was maintained for 42 
days. The virus was still present a t  the end 
of the studies when the cultures were fixed 
for cytologic examination. The similarity of 
form of the virus propagation curves in the 
parallel studies of tissue and of culture me- 
dium (Fig. 1) suggests that the titrations of 

virus in the medium reflect the amount of 
virus within the cells. The virus titers in the 
cells (plus plasma clot) average about 2.5 
logs higher than in the liquid medium. That 
this difference represents the concentration of 
virus in cells, rather than in the clot, is indi- 
cated by the fact that there was no more 
virus in the clot than in liquid medium in the 
tissue-free “bBanks”. 

By consecutive transfer from culture to 
culture, Bunyamwera virus was maintained 
through a total of 20 separate tissue cultures 
for a total lapsed time in culture of 159 days. 
The virus (in tissue culture medium) was 
stored in a dry-ice box on 7 occasions between 
tissue culture passages for a total period of 
213 days. At no time during this passage 
study was the virus propagated in any tissue 
except the human lymph-node cells in tissue 
culture. On one occasion the tissue culture 
medium containing virus was Seitz filtered 
prior to transfer to new tissue cultures. In- 
oculation of mice with medium from the 
normal-mouse-brain-control tissue cultures of 
each passage caused death of only 3 out of a 
total of 315 mice. 

Computation of the dilution of the original 
mouse-brain inoculum during these studies 
indicates that at the end of the 20th consecu- 
tive tissue culture passage the original inocu- 
lum had reached a dilution of 10--6-o. In  con- 
trast, the LD50 intracerebrd titer of the 
original virus inoculum was 10-7.5. This 
quadrillion-fold difference must be due to 
virus propagation. In the study in which 
virus was maintained in a single continuous 
culture for 94 days, the dilution of the orig- 
inal inoculum by the time this tissue culture, 
was infected (18th tissue culture passage) 
was and by the time the culture was 
fixed (after 12 re-feedings) the original in- 
oculum had been diluted to l@35. In  a single 
culture in which virus was maintained for a 
period of 42 days, titrations were performed 
on 18 occasions. These titers fluctuated 
between 1.oO and l C 3 a 5  without apparent 
relationship to total lapsed time in culture or 
to time of re-feeding of the cultures. Further- 
evidence of the propagation of Bunyamwera 
virus was provided by 3 studies in which the 
virus titer in culture medim was determined; 
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FIG. 2. Demonstrating increasing virus titers in 
culture inedium during 3 days following addition 

of Bunyamwera 1-irus t o  tissue cultures. 

at frequent intervals following inoculation 
(Fig. 2 ) .  During the first few hours after 
virus inoculation, there was a drop in titer- 
able virus. By 12 hours there was an in- 
crease, and peak titers were reached between 
18 and 24 hours. Examination of these 
curves (especially tissue cultures 23 6 and 
393) suggests that the infective cycle for this 
virus is approximately 18 to 24 hours. In  
culture 360, there was a greater than one- 
thousand-fold increase in virus titer during 
the 24 hours following inoculation. 

In  addition to the 20 serial passages al- 
ready discussed, Bunyamwera virus was trans- 
ferred in several sublines in human lymph 
node tissue cultures for various types of 
special studies. In  all, this virus was inocu- 
lated into 36 different tissue cultures (i.e., 
lymph nodes from 36 patients). Virus prop- 
agation could not be demonstrated in 6 
(17%) of these attempts. These failures 
were not due to poor cellular growth or to 
inadequate virus inoculum, and are still un- 
explained. I t  seems most probable that virus 
could not be demonstrated in these 6 cultures 
because it had not propagated, but it is con- 
ceivable that it had mutated to a form which 
was avirulent for mice. 

Adaptation of Bunyamwera virus in tissue 
cultures. There is some evidence that during 
these passages in human cells there was 
adaptation of Bunyamwera virus to this new 
host. This is suggested by a progressive 
change in the picture of disease produced in 
mice. The original mouse-brain-passage 
Bunyamwera virus killed mice in 3 to 5 days 

even when inoculated at the minimum lethal 
dose. Paralysis occurred rarely and lasted 
only a few hours before death. Usually death 
occurred suddenly with few signs of sickness 
other than a brief terminal convulsion. After 
the virus had been through 10 passages (58 
days) in human cells, it caused a more 
chronic illness of mice. Mice injected with 
this passaged virus frequently died 10 to 14 
days after inoculation, and i t  became common 
for paralysis to persist for 2 or more days 
before death; and a few mice recovered after 
several days of paralysis. The prolonged 
period of illness and prolonged incubation 
time with the tissue-culture-passaged virus 
was observed even when mice were inoculated 
with as much as 1000 times the LIDso, indi- 
cating that the change in character of the 
disease in mice was a result of change in 
pathogenic character of the virus rather than 
a dose phenomenon. Fig. 3 summarizes the 
data which suggest virus adaptation. In  this 
figure are included results from all cultures 
tested between days 2 and 7 after virus in- 
oculation. From one to 4 samples were 
studied during this period in each passage. 
Studies earlier than day 2 were excluded be- 
cause they might measure non-propagating 
virus or sub-maximal proliferation. Studies 
later than day 7 were excluded because they 
were available for only a few cultures. The 
lowermost curve presents the virus titers, as 
measured by lethality for mice. These titra- 
tion data are incomplete because several cul- 
tures were tested undiluted only; however, it 
is apparent that there was no consistent ten- 
dency toward increased or decreased virus 
titer (as measured in mice) during serial pas- 
sage in culture. The remaining 2 parts of 
Fig. 3 illustrate the progressive change in 
pattern of the illness produced in mice by the 
virus during serial tissue-culture-passage. For 
these curves only those mice inoculated with 
undiluted medium were considered. The 
middle section of the figure illustrates the 
progressive prolongation of average survival 
time of mice inoculated with virus grown in 
successive tissue culture passages. In  order 
to permit a computation of average survival 
times for each passage, those mice which were 
alive at the end of the 2-week observation 
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FIG. 3. Demonstrating change in type of illneEIs 
produced in mice by Bunyamwars virus during 
course of prolonged passage in tiesue cultures of 
human cells. Lower portion of figure shows virus 
titers as measured in mice. Middle portion Bhows 
progressive increase in survival time of mice in- 
oculakd with undiluted tissue culture medium 
from the serial pawagefj. Upper portion shows 
durartion of paralysis in individual mice (arrows 

indicate recovery from paralysis). 

period were included in the calculation as 
if they had died on day 15. The uppermost 
part of the figure indicates the prolonged 
paralysis frequently seen in mice inoculated 
with high tissue-culture-passage virus. Each 
line indicates the duration of paralysis in one 
mouse. The paucity of lines on the left half 
of this chart reflects the rarity of prolonged 
paralysis from early passage virus. It can 
be seen, by comparison of these curves that 
the changes in the pattern of illness in the 
mice are mot a function of virus titer. For 
example, in passages 4 through 7 titers are 
3almost identical with the titers in passages 17 
through 19, but average survival time of mice 

is 3 days and 8 days respectively for these 
same groups. 

That these changes were due to adaptation 
is also suggested by the fact that when 
“adapted” virus (13th tissue culture pas- 
sage), was carried through 3 mouse passages, 
it regained the original pathogenic pattern of 
rapid death preceded by convulsions or very 
brief pardysis (even at the minimum lethal 
dose). 

Cortisone and virus growth in culture. 
Bemuse of evidence that cortisone treatment 
increases susceptibility of mice to Bunyam- 
wera virus(9), and has; similar effects on 
other viruses in various hosts( 1,2,7,9), the 
effect of cortisone acetate and dehydro-corti- 
sone acetate (compound F) on the growth of 
this virus in these tissue cultures was studied. 
\Cortisone was used in a final concentration 
in the culture medium of 5 ,  50, and 5Q0 y/ml. 
Compound F was used at 50 y per ml. 
Control cultures contained the same solvents 
and suspending agents as were used for the 
steroids. There was no significant effect upon 
virus propagation as judged by serial titration 
of virus in the culture medium (Fig. 4). 
These results suggest that cortisone affects 
host susceptibility to virus infection indi- 
rectly, rather than by an effect upon the para- 
sitized cell. Interpretation must be tentative, 
however, because it is possible that the ace- 
tate form of these steroids is not active at the 
cellular level, and could not be broken down 
by the fibroblastic cells. 
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BUNYAMWERA VIRUS IN TISSUE CULTURE 

EGG. 4. Demonstraking failure of cartisone am- 
tate or dehydrosorticostemne acetate to influence 
rate or degree of virus pmpagation in cells in tis- 

sue culkure. 
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FIG. 6 (middle). Normal-mouse-brain control 
for culture in Fig. 5,  

PIG. 7 (bottom): Same as Fig. 5 except that 
this culture had supported growth of Egypt 101 
virus for 39 days. 

CytopathoZogy. There was a surprising 
lack of cell damage in virus-infected tissue 
cultures, indicating that Bunyamwera virus is 
able to grow in human fibroblasts without 
killing the cells, or that the rate of cell pro- 
liferation is equal to the rate of cell destruc- 
tion. Areas of degenerating cells were occa- 
sionally seen, but did not appear more com- 
mon than in the normal-mouse-brain control 
series of tissue cultures. There was poorer 
cell growth in many virus-infected cultures 
than in parallel controls, suggesting inhibition 
of cell propagation, but this difference was 
not sufficiently consistent to be convincing, 
and quantitation of cell growth was not at- 
tempted. Fig. 5 shows normal fibroblastic 
cells after 42 days of virus proliferation. Fig. 
6 is the normal-mouse-brain control of the 
same culture. 

West Nile viruses. The Egypt 101 isolate 
of West Nile virus was inoculated into 1 2  
lymph node cultures. Virus propagated, or 
at least persisted, in 7 (58%). The reason 
for the failures was not determined, but it 
was not absence of cell growth nor absence of 
virus in the inoculum. The longest serial 
passage of Egypt 101 virus was through 4 
consecutive tissue cultures for a total of 79 
days. The titer of the original inoculum in 
this study was ( i e .  mouse LD50). The 
dilution of the original mouse-brain inoculum 
produced by 4, culture passages and 12 re- 
feedings was 1 W 7 ,  indicating that a t  least a 
1 O-billion-fold increase of virus had occurred. 
The tissue-culture virus was Seitz filtered 
prior to the fourth passage. In  another cul- 
ture, not included in the above series, Egypt 
101 virus was demonstrable for 39 days. 
There were 9 re-feedings during this period, 
thus resulting in 10F dilution of the original 
mouse-brain inoculum. This indicates a 

FIG. 5 (top). Normal appearing fibroblastic 1000;O-fold increase of virus in this single 
WPe cell9 from human lymph node in tissue CUl- 
ture. Culture wm 54 days old and had been in- 
oculated with Bunyamwera virus 42 days before 
fixation. Virus w a  still present at end of experi- 
ment. Stained by Jacobsen’s technic with May- 
Gruenwald and Giemsa stains. T.C. No. 278. 

tissue culture, since the original inoculum 
for this culture titered lor7. 

Smithburn’s original isolate of West P I ~ T ~ I ~  

virus was inoculated into 4 cultures and prop- 
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agated in 2. There is no apparent explana- 
tion for the 2 failures, and it is of interest that 
both of the cultures which failed to support 
growth of Nest Nile virus did support growth 
of Bunyamwera virus in parallel studies. 
The longest persistence of West Nile virus 
was 37 days. During this period the culture 
was re-fed 5 times, resulting in dilution of the 
original inoculum to lor7. There was no con- 
sistent cytopathology attributable to either 
the Egypt 101 isolate (Fig. 7) or the original 
isolate of West Nile virus. 

Ilheus virus. Ilheus virus was inoculated 
10 times into lymph node cultures and prop- 
agated, or at  least persisted for several days, 
in 7. The longest successful serial passage 
was through 4 cultures for a total of 163 days 
in culture, and a final dilution of the original 
mouse brain inocdum to The original 
inoculum had a titer of 1V.  Each of these 
4 serial passages was maintained (with per- 
sistence of viable virus) for over 30 days. 
No convincing evidence of cytopathology was 
seen. 

Br I virus. Br I virus was inoculated into 
6 cultures of human nodes and propagated 
in all. Four of these were in serial passage 
for a total duration of 135 days. The orig- 
inal inoculum, which titered was di- 
luted to lW3 by these passages and re-feed- 
ings. This implies at least a lOl5-f0ld in- 
crease in virus in tissue culture. The virus 
was Seitz filtered before one of these pas- 
sages. -4s with the other viruses used in this 
study, there was no definite cytopathollogy. 

Viruses in tissues other than lymph nodes. 
In  addition to normal lymph nodes, tissue cul- 
tures of normal human skin and a variety of 
human neoplasms were used in these studies. 
Most cultures from these tissues contained 
fibroblastic as well as epidermal or neoplastic 
cells. In only a few of the cultures of cancer 
was it possible to be certain that neoplastic 
cells were growing. It was not possible to 
ascertain within what cell types the virus 
propagated. Bunyamwera virus was inoculated 
into a skin culture once and did not propa- 
gate. It probably did propagate in a culture 
of epidermoid carcinoma, as evidenced by a 
titer of 10-lo5 at 3 days after inoculation, at 
which time cultures were fixed. This culture 

was proved by back-implantation to contain 
cancer cells (see Fig. 31 to 33 in ref. lo),  
and appeared to be a pure culture of cancer 
cells. Hence it is highly probable that the 
virus was propagating in epidermoid cancer 
cells. Microscopically, necrosis of cells was 
more common in the virus-infected cultures 
than in the normal-mouse-brain controls, but 
many arms of healthy appearing carcinoma 
cells remained. Bunyamwera virus also 
propagated in cultures from reticulum sar- 
coma for 17 days. These cultures contained 
principal'ly lymphoid ( ? lymphosarcoma) 
cells, but fibroblastic cells were also frequent. 
Egypt 101 virus persisted for 9 days in cul- 
tures of the same epidermoid carcinoma men- 
tioned above. As with Bunyamwera virus 
there was suggestive but inconclusive evi- 
dence of cytopathology attributable to the 
virus. This virus also grew for 2 2  days in 
another epidermoid carcinoma culture and a 
renal adenocarcinoma culture, and for 24 
days in a culture of rectal adenocarcinoma 
(see below). These cu*Itures contained car- 
cinoma cells, but also many fibroblasts. 
Egypt 101 virus also persisted for 34 days 
after inoculation into tissue cultures of 
melanoma. This virus was also demon- 
strated, without addition of stock virus, in 
cultures of malignant melanoma from 2 pa- 
tients who had Egypt 1011 virus infection with 
viremia. In each of these 3 cultures of 
melanoma the cells appeared fibroblastic, and 
there was no proof that melanoma cells were 
present. Egypt 101 virus was also inoculated 
into 3 cultures of human leukemic blood buffy 
coat. There was no evidence of virus propa- 
gation, but neither was there any evidence of 
cellular proliferation. Ilheus virus was in- 
oculated into the same epidermoid carcinoma 
culture mentioned above and apparently 
propagated as evidenced by repeated recov- 
eries over a period of 9 days. No definite 
cy topa thology occurred. 

Vims  growth in cells from immune pa- 
tient. Egypt 101 virus grew well for 24 days 
in tissue cultures of rectal adenocarcinoma 
(see Fig. 35 in reference 15) from an 
Egypt 101-immune patient, but disappeared 
promptly after addition of 0.2 ml of the same 
patient's immune serum. Addition of the 
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same Serum to parallel cultures infected with 
Ilheus virus did not prevent continued prop- 
agation of the Ilheus virus. It has recently 
been reported that infectious canine hepatitis 
virus grows well in tissue cultures of kidneys 
from ICH-immune dogs( 14). 

Summary. 1. Bunyamwera virus was grown 
in roller-slide tissue cultures of human lymph 
nodes (fibroblastic type cells). Propagation 
of virus was demonstrated by increases in 
virus titers in short-term virus growth studies, 
by long persistence of virus in tissue cultures 
as contrasted with rapid disappearance in 
cell-free preparations, and by persistence of 
virus after serial passages had diluted the 
original virus inoculum far beyond its min- 
imal infective dilution. 2.  Similar but less 
extensive studies demonstrated the propaga- 
tion in human fibroblast tissue cultures of 
West Nile, Egypt 101, Ilheus, and Br I 
viruses. 3.  Bunyamwera virus showed 
changes interpreted as an adaptation phe- 
nomenon during serial passages in tissue cul- 
tures. These changes were reversed by serial 
intracerebral passage in mice. 4. None of 
these viruses caused appreciable cytapathol- 
ogy under these experimental conditions, even 
after prolonged growth in tissue culture. 
5. Bunyamwera, Egypt 101, and Ilheus 
viruses were also grown in tissue cultures 
from various human cancers. I t  was not 
possible to determine whether virus was 
propagating in the cancer cells, or in non- 
neoplastic stromal cells. 6. Egypt 101 virus 
propagated in cells from an immune patient, 
but not in the presence of immune serum. 

The authors are greatly indebted to Miss Priscilla 
J. Goettler, who performed mlu& of the tissue cul- 
ture technic involved in this study; and to Drs. 
Hilary Koprowski, Joseph Melnick, Alice Moore, and 
Kenneth Smithburn who supplied stock viruses. 
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Specificity of Antineoplastic Phenomenon Induced in Mice by 
Carcinogenic Agents. (21045) 

MORRIS POLLARD AND ROBERT H. BUSSELL. 
From the University of Texas Medical Branch, Galveston. 

Following the injection of methylcholan- with cooking oil (the diluent), and i t  was 
threne into mice an antineoplastic (AN) fac- not present in spleens from uninoculaited mice. 
tor appears in their spleens( 1 ) . This response The AN phenomenon endured through a 
appeared to be specific in that the AN factor pmiod that appeared to coincide with the 
was not engendered in homozygous mice latent period of carcinogenesis. This sup- 
*through inoculations with phenanthrene and polsition was further supported by the absence 


