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able container were found, 
The rapid adsorption of myxoma virus to 

cell monolayers which is achieved by using 
centrifugal force will facilitate studies on the 
growth cycle of this virus and on virus-cell 
interactions during the early stages of viral 
replication. Also, i t  is now feasible to in- 
vestigate such matters as rate of heat inacti- 
vation of myxoma virus at 37°C; a study 
which would have been meaningless with a 
plaque procedure requiring a 4-hour adsorp- 
tion period. 

Summary. Centrifugation of myxoma vi- 
rus onto preformed monolayers of RK and 
RHF- 1 cells substantially increased the num- 
ber of PFU compared to other methods of 
virus adsorption. The maximum number of 
PFU was obtained after only 15 minutes of 
centrifugation at  1900 g at room temperature. 

Virtually simultaneous infection of all RK 
cells growing as a monolayer on the bottom 
of shell vials can be accomplished by centri- 
fuging a low multiplicity of myxoma virus 
onto the cells a t  12701 g for 10~20 minutes. 
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Induced Latent Infection of Monkeys with Vacuolating SV-40 Papova Virus. 
Virus in Kidneys and Urine." (27794) 

ASARIA  ASHKENAZI^ AND JOSEPH L. MELNICK 
Department of Virology and Epidemiology, Baylor University College of Medicine, Houston, Texas 

In  nature, vacuolating or SV-40 virus ( 1 ) , 
the simian member of the papova virus group 
(2), commonly infects rhesus (Macaca mu- 
Zatta) , less commonly cynomolgus ( M .  irus or 
M .  cynomozgus) , and apparently infects 
African primates (Cercopithecus spp., Papio 
spp.) only if these are placed in contact with 
infected Asian animals( 1,3). When inad- 
vertently given to human beings, low grade 
subclinical infection has occurred (4,s). Al- 
though no illness has been observed in pri- 
mates (monkeys or man) infected with SV- 
40 virus, the agent is tumorigenic in newborn 
hamsters, producing fibrosarcomas (6,7). 

The present report forms part of a study 
- 
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with the latent infection in African primates 
(green monkeys and baboons) infected ex- 
perimentally with a purified line of the virus. 
Two features of the study reported here have 
been (a) to follow the animals for excretion 
of virus and subsequently of antibody in the 
urine, and (b) to follow the persistence of 
latent virus in the kidneys. The latter was 
done by carrying out repeated biopsies on the 
same monkey and testing the biopsy tissue 
for virus by direct and indirect means. 

Materials and methods. The study in- 
cluded 23 primates: 7 baboons (Papio do- 
guera) about 6 months old, and 16 green 
monkeys (Cercopithecus aethiops) . The 
green monkeys included 8 young animals 
about 1 year old, 4 newborns about 7 days 
old and their respective mothers. All animals 
were flown from Africa directly to Houston or 
to New York, where they were kept separate 
and sent on within a day or two. 

The routes and amounts of virus inocu- 
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TABLE I. Recovery of SV-40 Virus and Antibody in Urine of Inoculated Monkeys. 

I Wk after infection initiated \ 

Monkey Route 0 1/3 1 2 3 4 6 8 1 0  12 

G - 2  
G - 3  
(3. -10 
G -11 
G -12 
G -13 
G -14 
G -15 
BG-17 
BG-22 
B - 1  
B - 4  
B - 5  
B - G  
B - 7  
I3 - 8  
R - 9  

i.k. f 9  o + + +  

9 f  + +  
s.q. 9 9  + + +  

o + + +  

o +  

+ 
i.pul. + s.q. + 

1.C. 
9 f  

+ ,, 
9 9  

i.k. 0 + o  
i.q. 9 9  (0) o +  

9 9  (0) + o + o  
i.n. 0 0  

oral (0) 0 
9 9  

(0) 0 0 

+ + 
( 2 )  

+ 
0 

0 
0 

(4) 

+ 
+ D  

G, green monkey; BG, baby green monkey; B, baboon. 
i.k., into the kidney ; ix., intracerebral ; s.q., subcutaneous ; i.q., intracutaneous ; in. ,  intra- 

nasal ; i.pul., intrapulmonary. 
D, died; S, sacrificed. 
* Figures in parentheses indicate antibody titers. All specimens tested for  antibody had 

previously been examined for virus but none was found. 

lated are shown in Table I. One baboon was 
inoculated directly into the kidney with 0.4 
ml, three baboons were inoculated intracu- 
taneously in 20 piqures of 0.1 ml each in both 
hind legs, 2 baboons had 1 ml instilled into 
each nostril, and one baboon was given 5 
ml of virus orally. 

Two green monkeys were inoculated into 
the kidneys with 0.4 ml virus suspension, 3 
were inoculated intracerebrally with 0.4 ml 
in each hemisphere, 3 were inoculated with 
2 ml subcutaneously. Of the babies, 3 were 
inoculated subcutaneously with 2 ml: one 
baby was inoculated with 1 ml in the right 
lung and 0.6 ml subcutaneously. The moth- 
ers were left uninoculated to follow contact 
infection. Two babies are not included in 
the table because of early death, 5 and 7 days 
after inoculation. The mothers are omitted 
from this report because too little time has 
elapsed for a meaningful follow-up. 

Virus. The virus used was isolated(8) 
from Sabin’s seed stock of type 3 oral polio- 
vaccine and purified by passing 3 times at  
terminal dilution in continuous line green 
monkey cells (BSC-1). This cell line was 
developed and kindly supplied by Hopps and 
Smadel(9) who showed that it was highly 

susceptible to SV-40( 9,3). Stock virus was 
prepared by inoculation of 16-ounce bottle 
cultures, 12  days after seeding with BSC cells. 
The nutrient fluid was drained, 0.5 ml of 
seed virus was inoculated, adsorbed for 4 
hours, and 20 ml of medium 199 with 2% 
fetal bovine serum were added. Four days 
later 75% of the cells showed cytopathic 
changes (CPE).  They were frozen and 
thawed 3 times before use. The fluid was 
centrifuged a t  1500 rpm for 10 minutes, dis- 
pensed and stored a t  -20°C. The titer of 
the stock virus was 1 0 7 a 5  TCD,,/ml. 

Collection of urine. Monkeys were immo- 
bilized and allowed to urinate on sterile alu- 
minum foil. Some samples were collected by 
bladder puncture. 

Kidney biopsies were performed percutane- 
ously on monkeys under Sernyl t anesthesia 
with the Franklin modification of the Vim 
Silverman needle. The biopsies were per- 
formed on alternate kidneys, i.e., first time on 
the left kidney, the second time on the right, 
etc. Part of the biopsy specimen was fixed 
in Zenker’s fluid, embedded in paraffin and 
the sections stained with hematoxylin and 

t Kindly supplied by Parke Davis & Co. 
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eosin were examined for histologic lesions.$ 
The remaining part was washed free of body 
fluids (antibody) and part was grown in tis- 
sue culture by a method previously described 
for kidney fragments(l1). Because of the 
small amount of tissue, we modified the meth- 
od by planting 4 to 5 tiny pieces with a bent 
capillary pipette. Excellent results were ob- 
tained using new disposable culture tubes 
made of lime glass ( 1 2 ) .  The tubes are clean 
when received from the manufacturer ; they 
are simply dry-sterilized before use. After 
the tissue was added, the tube was incubated 
at  37°C for 30 minutes. Then 0.4 ml of M- 
H medium containing 5% calf serum was 
added to bathe the fragments. After wetting 
the tissue, the tube was turned so that the 
fragments were on the top surface as in a 
hanging drop preparation. Once each day 
the tubes were briefly rotated, then reincu- 
bated as described above. On the 4th-5th day 
of culture, outgrowths of cells were seen. An 
additional 0.4 ml of M-H medium was added 
and the cells were now incubated on the bot- 
tom of the culture vessel so that they were 
constantly submerged in the medium. The 
next day, the medium was changed to M-E 
maintenance medium containing 2 % calf se- 
rum. The tubes were observed every 2 days 
for CPE and were changed every 4-5 days. 
The cultures were kept for 30 days. 

The fluid in which the washed pieces of 
kidney taken by biopsy were minced and 
the left-over fragments were frozen and 
thawed 3 times and inoculated in green mon- 
key (GM) tube cultures which were then ob- 
served for CPE for 30 days. 

Tissue cultures and virus isolations. BSC- 
1 cells(9) grown in tubes suspended in me- 
dium 199 + 20% fetal calf serum (FCS) 
were changed to medium 199 + 2% calf se- 
rum and inoculated. Green monkey (GM) 
kidney monolayer cultures were grown and 
maintained in lactalbumin (M-H) medium 
as described( 10). In all experiments a num- 
ber of uninoculated cultures was observed to 
insure that SV-40 was not a spontaneous con- 
taminant of the test cultures. 

t We are grateful to Dr. Harvey S. Rosenberg, 
Texas Children's Hospital, for examining these bpeci- 
mens. 

The specimens to be tested for virus were 
treated with 1 mg of penicillin and 1 mg of 
streptomycin per ml. Three tube cultures 
were inoculated with 0.1 ml of test suspen- 
sion. The inoculated tube cultures were ob- 
served for CPE every 2-3 days for 30 days. 
The nutrient medium was changed every 5 
days. 

Typing of isolates from kidney biopsies and 
urine. The CPE produced was typical of 
SV-40 but nevertheless isolates were typed 
against rabbit and monkey SV-40 antiserum. 
This was done by mixing 100 TCDSO of virus 
per 0.1 ml with 20 units of antiserum per 0.1 
ml, incubating for 2 hours at  37"C, inoculat- 
ing 0.2 ml of the serum-virus mixture into 
each of 3 GM tube cultures. The cultures 
were changed once at  6 days and observed for 
14 days. A virus of known titer was run as 
a control in each test. 

Neutralization tests with urine as a source 
of antibody. Two-fold dilutions of urine 
were mixed with equal amounts of virus di- 
lution containing 100 TCD,,/O.l ml and in- 
cubated for 2 hours a t  37°C and overnight a t  
5°C. Parallel controls of urine collected be- 
fore SV-40 inoculation were mixed with virus 
and incubated as above. (Such controls had 
no inhibitory effect on the virus.) The virus- 
urine mixture was inoculated into 3 tubes of 
GM cells, each tube receiving 0.2 ml. The 
cells were observed for 14 days and the level 
of antibody was considered as the reciprocal 
of the maximal dilutions preventing CPE. 
At the same time the control virus titration 
showed 3-4+ CPE with the 100 TCD50 con- 
centration and 1-2+ CPE with 10 TCDBO. 

Results. Viruria. Nine of 10 green mon- 
keys tested yielded virus in the urine (Tables 
I and 11). Of 26 specimens collected in the 
first 4 weeks after infection, 18 were positive. 
In the 2 babies that survived more than 4 
weeks, virus was recovered from the urine 5 

TABLE 11. SV-40 Virus and Antibody in  Urine. 

Weeks after inoculation 
Monkey Material 1-3 4-6 8-12 

Green Virus 16/18 4/11 1/1 
Antibody - 4/11 4/4 

Antibody - 4/10 4/5 

f 9  

Baboon Virus 4/4 1/5 - 
7 3  
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TABLE 111. Recovery of Virus from Kidney Biopsies. 

I Months after inoculation - 
3 6 8  3 6 8  

Green monkeys Baboons 

Spontaneous appearance of virus in outgrowth from biopsy 5/8 3/6 1/2 1/6 0/6 0/1 
Virus in suspension of ruptured kidney cells 0/8 0/6 0/2 0/6 

and 8 weeks after exposure to the virus. In 
some animals the titer of virus in the urine 
reached as high as TCDSo/ml. 

Virus was recovered from all 4 baboons 
that were inoculated parenterally; 5 of 12 
samples were positive. Three baboons given 
the virus intranasally or orally failed to yield 
the virus in 7 urine specimens examined. 

Neutralizing substance in the urine. Start- 
ing in the 4th week after infection, when vi- 
ruria was waning, neutralizing substance ap- 
peared in the urine. Of 18 urine specimens 
which had been tested and found negative for 
virus, 16 were positive in the neutralization 
tests (Table I) .  The titer of urine for neu- 
tralizing substance ranged from 1:2 to more 
than 1 : 16. The positive samples when re- 
titrated yielded essentially the same end- 
points. Attempts to dissociate a hypotheti- 
cal virus-antibody complex in the urine by 
Mandel's low pH method ( 13) were unsuc- 
cessful, which is not surprising in view of 
the fact that the SV-40 virus control was 
destroyed by pH 2.5. Experiments on the 
physiochemical identification of the neutra- 
lizing substance as antibody, as shown by 
Lerner, Remington and Finland( 14) for urine 
in poliomyelitis infection, are in progress. No 
neutralizing substance was found in urine 
specimens collected before infection from 4 
monkeys which subsequently yielded anti- 
body in the urine. 

Recovery of virus from kidney biopsies. 
When fragments of tissue were prepared for 
testing by rupturing the cells by grinding, 
freezing, and thawing, not a single positive vi- 
rus isolation was made from any of the 2 2  
biopsies examined by inoculation of GM cul- 
tures (Table 111). However, by the out- 
growth method in which spontaneous appear- 
ance of virus was sought in the new cells, vi- 
rus was found in 5 of 8 green monkeys tested 
3 months after infection. The 5 monkeys 
with positive biopsies a t  3 months were re- 

tested (other kidney) a t  6 or 8 months, and 
the virus was recovered again in 4 animals. 
The 3 greens negative a t  3 months were also 
negative in the later tests. Only 1 of 6 ba- 
boons yielded virus. This was also by the 
outgrowth method. The positive baboon re- 
sponse was obtained 3 months after direct 
inoculation into the kidney. At this time, 
the 2 babies are too early in their experi- 
mental period to be reported. 

The CPE appeared in the explanted biop- 
sies between the 18th and 29th day after ex- 
plantation. Even in the positive tests, not 
all the tubes with growing explants showed 
CPE. Usually 6 to 10 explant cultures were 
made from one biopsy and in the positive 
tests only 50% of cultures yielded virus. This 
means that virus was not present in every 
kidney cell but was scattered in cells through- 
out the kidney tissue. 

In every monkey with a positive kidney 
biopsy, virus had been recovered earlier in 
the urine. However, some animals excreted 
the virus in the urine, but did not yield virus 
in the biopsy. Perhaps this was due to the 
small amount of tissue sampled. In one case 
abundant material was available. A baboon 
was sacrificed 5 weeks after inoculation, but 
no virus was recovered from its kidney by di- 
rect inoculation of kidney cell suspension or 
from cells grown from the trypsinized kidney. 

Typing of recovered virus. In  every case 
in which explant cultures yielded spontaneous 
CPE, virus could be successfully passed to 
GM cultures. The virus showed the same 
antigenic characteristics as our stock SV-40 
virus, for antiserum (which had an endpoint 
of 1J20,OOO) when diluted 100'0 times neu- 
tralized 100 TCDB0 of the recovered virus. 
Virus strains recovered from urine were like- 
wise uniformly neutralized by the specific SV- 
40 antiserum. 

In 1 of 8 biopsies exam- 
ined, changes compatible with pyelonephritis 

Histopathology. 
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were found by Dr. Harvey S. Rosenberg. 
The other 7 examined were normal. One 
month later from the monkey with pyelone- 
phritis a second biopsy was taken and found 
negative. 

That green monkeys in con- 
tact with rhesus may become infected with 
SV-40 virus had already been known to us 
and to others from the occasional spontaneous 
contamination of their kidney cultures. 
Meyer et aE. ( 3 )  studied certain aspects of the 
experimental infection in 3 green monkeys, 
particularly the presence of virus in the 
throat, feces, and blood, and the development 
of serum antibody. We have confirmed and 
extended their results. I t  is these new find- 
ings relative to the infection of some 17 
African monkeys that we wish to emphasize 
here. 

Following exposure to a genetically puri- 
fied line of the virus, no apparent disease was 
produced, but a latent, chronic infection was 
established. Regardless of route of entry, 
the virus was excreted in the urine for about 
a month. When the urine became negative 
for virus, neutralizing substance appeared, 
most probably antibody as shown for polio- 
myelitis( 14). In this late stage, virus could 
be demonstrated in the kidneys by perform- 
ing and growing kidney biopsies. The virus 
persisted in this latent stage in the kidneys of 
4 of 8 green monkeys for a t  least 6 to 8 
months after infection. Later biopsies are 
contemplated. 

The growing of the kidney biopsies in cul- 
ture as a means for isolation of virus was es- 
sential for success. The attempt to grow the 
virus from the mincing fluid and ground frag- 
ments of the kidney biopsy, as well as from 
early fluid changes of the cultures, were regu- 
larly negative. As with the isolation of 
adenovirus from adenoids ( 15), the recovery 
of virus from the biopsy may be dependent 
upon gradual elimination of the antibody 
present in the extracellular fluid, or presence 
of the virus in latent state in the kidney cells 
which can be detected only after replication 
outside the influence of the host. 

From our inability to recover virus from 
every tube in the positive biopsies, the virus 
does not seem to be present in every kidney 

Discussion. 

cell or even in a large percentage of them. 
Some of the monkeys with negative biopsies 
might well have had virus elsewhere in the 
kidney, especially those green monkeys with 
viruria. The situation with the baboons was 
different. The inability of the virus to col- 
onize the kidney, with one exception, may be 
due to a species difference. That the baboons 
were less responsive to SV-40 infection is also 
shown by lesser amounts of virus in the 
throat, stools, urine, and blood, and also by a 
lower level of serum antibody than was found 
in the green monkeys.§ 

Like other papova viruses, SV-40 can es- 
tablish latent infections, as has been docu- 
mented here. The virus has produced low 
grade infections in man(4,5), and has in- 
fected and transformed human cells, even 
producing chromosome changes in them ( 16, 
17). In hamsters, enormous fibrosarcomas 
are produced which may be larger than the 
host animal itself (6,7,16). 

Summary. A latent infection was induced 
by exposure of African primates by a variety 
of routes to the vacuolating SV-40 virus, the 
simian member of the papova virus group. 
Virus multiplied in the green monkey Cer- 
copithecus aethiops more abundantly than in 
the baboon Papio doguera, without inducing 
an apparent illness in either species. Early 
in the infection SV-40 was found in the urine, 
with 18 isolations obtained among the 26 
specimens collected from 10 green monkeys 
in the first 4 weeks after infection. The titer 
of the urine was as high as 1016-5 TCDS0/ml. 
Virus was recovered from the urine of all 4 
baboons inoculated parenterally, but not from 
3 baboons infected by intranasal or oral ad- 
ministration of virus. Later in the course of 
the infection when viruria was waning, neu- 
tralizing antibodies appeared in the urine (as 
well as in the blood). Of 18 late urine speci- 
mens which were negative for virus, 16 were 
positive in neutralization tests. Three to 8 
months after infection, when virus was no 
longer recoverable from the urine, kidney bi- 
opsies were obtained. Part of each biopsy 
was tested for virus by the conventional 
method of inoculating ground tissue frag- 
ments into susceptible green monkey cultures, 

$ Ashkenazi, A., Melnick, J. L., unpublished data. 
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but not a single positive was obtained. How- 
ever a number of biopsies yielded virus when 
they were grown as explants in tissue culture. 
Positive biopsy cultures spontaneously de- 
veloped vacuolating type of degeneration and 
virus was then readily detected by passage. 
Kidneys from 5 of 8 green monkeys tested 
yielded virus by this method 3 months after 
infection was initiated. This latent infection 
persisted and a second biopsy 6 to 8 months 
after infection was positive in 4 of the 5 pre- 
viously positive monkeys. Only 1 of 6 baboon 
kidneys yielded virus, again by the biopsy 
explant procedure. 

1. Sweet, B. H., Hilleman, M. R., PROC. SOC. 

2. Melnick, J. L., Science, 1962, v135, 1128. 
3 .  Meyer, H. M., Jr., Hopps, H. E., Rogers, N. G., 

Brooks, B. E., Brenheim, B. C., Jones, W. P., 
Nisalak, A., Douglas, R. D., J .  Immunol., 1962, v88, 
796. 

4. Morris, S. A., Johnson, K. M., Aulisio, C. G., 
Chanock, R. M., Knight, V., PROC. SOC. E m .  BIOL. 
AND MED., 1961, v108, 56. 

5 .  Melnick, J. L., Stinebaugh, S., ibid., 1962, v109, 
965. 

EXP. BIOL. AND MED., 1960, v105, 420. 

6 .  Eddy, B. E., Borman, G. S., Grubbs, G. E., 
Young, R. O., Virology, 1962, v17 ,  65. 

7.  Girardi, A.. J., Sweet, B. H., Slotnick, V. B., 
Hilleman, M. R., PROC. SOC. EXP. BIOL. AND MED., 
1962, v109, 649. 

8. Stinebaugh, S., Melnick, J. L., Virology, 1962, 
v16, 348. 

9.  Hopps, H. E., Bernheim, B. C., Nisalak, A., 
Smadel, J. E., Fed. Proc., 1962, v21, 454. 

10. Melnick, J. L., in Diagnostic Procedures for 
Virus and Rickettsia1 Diseases, 2nd ed., p142. Am. 
Public Health Assn., 1956. 

11. Morann, G. L., Melnick, J. L., PROC. SOC. 
EXP. BIOL. AND MED., 1953, v84 ,  558. 

12. Wallis, C., Melnick, J. L., A m .  J .  M e d .  Tech- 
nol., in press. 

13. Mandel, B., Virology, 1958, v6 ,  424. 
14. Lerner, A. M., Remington, J. S., Finland, M., 

J .  Clin. Invest., 1962, v41 ,  805. 
15. Rowe, W. P., Huebner, R. J., Gilmore, L. K., 

Parrot, R. H., Ward, T. G., PROC. SOC. E m .  BIOL. 

16. Shein, H. M., Enders, J. F., Proc. Nut. Acad. 
Sci., 1962, v48, 1164. 

1 7 .  Koprowski, H., Ponten, J. A., Jensen, F., 
Ravdin, R. G., Moorhead, P., Saksela, E., J .  Cell. 
and Comp.  Phys., 1962, v59, 281. 

AND MED., 1953, ~ 8 4 ,  570. 

Received August 22, 1962. P.S.E.B.M., 1962, v l l l .  

Failure of Transient Progesterone Deprivation to Induce Ova 
Implantation in Ovariectomized Rats." (27795) 

EHARD F. NUTTINC~ AND ROLAND K. MEYER 
Department of Zoology, University of Wisconsin, Madison 

When nidation is delayed in the ovariecto- 
mized rat treated daily with progesterone, the 
administration of small quantities of estrogen 
along with progesterone causes prompt im- 
plantation of the blastocysts( 1,2,3). On the 
other hand, implantation of ova has also been 
induced by increasing the amount of proges- 
terone(4,S). The apparent discrepancy ex- 
isting between these two methods has been ex- 
plained partially on the basis of time of ovari- 
ectomy (6). More recently implantation has 

*Supported by grant from Nat. Inst. of Arthritis 
and Metab. Dis. and by funds from Wisconsin 
Alumni Research Foundation. 

t Present address: Division of Biological Research, 
G. D. Searle 8: Co., Chicago, Ill. 

been reported to occur when progesterone is 
temporarily discontinued for one day during 
the 12th to 15th day of pregnancy( 7). Data 
to be presented here do not support the con- 
clusion that transient progesterone depriva- 
tion initiates nidation. 

Methods. Mature virgin female rats 
weighing 190-230 g were caged with adult 
males in the evening and insemination con- 
firmed the next morning by the presence of 
spermatozoa in vaginal smears. The day 
spermatozoa were found was designated as 
day 1 of pregnancy. The inseminated ani- 
mals were ovariectomized on the third day of 
pregnancy according to the method of Coch- 
rane and Meyer ( 2 )  and placed in 3 experi- 


