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Although simian virus 40 (SV40) is a com- 
mon infection of rhesus (1) and a frequent 
contaminant of rhesus kidney cultures ( 2 ) ,  
little is known of the course of SV40 infec- 
tion in rhesus and of the manner in which 
virus disseminates from an infected animals. 

Meyer et Q Z .  (3) and Ashkenazi and 
Melnick (4)  reported on some aspects of 
SV40 infection in African green monkeys. i lre 
studied experimental infection of juvenile 
nonimmune rhesus with SV40 by three routes 
of inoculation, and reported earlier the vire- 
mia and T antibody response in these ani- 
mals ( 5 ) .  In the present communication, the 
remaining features of this infection and at- 
tempts to infect rhesus in utero are described. 

Materials and Methods. All rhesus in this 
study were obtained from the free-ranging 

* Supported by Grant E440 from American Cancer 
Society, Grant  5R07TW00141-07CIC from USPHS 
to The Johns Hopkins Center for Medical Research 
and Training, and by contract No. 43-63-25 with the 
National Institutes of  Health, Public Health Service, 
Department of Health, Education and Welfare. 

groups on Cay0 Santiago, an  islet off the 
east coast of Puerto Rico. This island is a 
part of the facilities of the Laboratory of 
Perinatal Physiology. These rhesus groups 
are free of active SV40 infection (6) .  

Strain A2895 of SV40, isolated originally 
from a hamster tumor produced by inocula- 
tion of rhesus kidney extracts ( 7 ) ,  was ob- 
tained from Dr. B. Eddy. Prior to use in this 
study the virus had undergone a t  various 
times one additional passage in hamster tu- 
mor, one passage in HeLa cells, and 10  pas- 
sages in Cercopithecus kidney cells, either 
primary cultures or continuous cell line BS- 
c-1.  

Sixteen juvenile rhesus, 1-2 years old, were 
infected, six each by intranasal (i.n.) and 
subcutaneous (s.c.) routes and four by in- 
tragastric ( i g )  route. The  virus dose for 
each animal in i.n. and S.C. groups was 10 7*.3 
TCD;o contained in 0.4  ml of a 10-l.O dilu- 
tion of the virus. For i.g. inoculation, 1 ml of 
undiluted virus containing 10 TCDBo was 
introduced into the stomach of each animal 
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by a stomach tube; the gastric acidity of two 
rhesus (nos. 13 and 14) was neutralized by 
40 ml of 6%NaHCO:,, prior to virus adminis- 
tration. 

The animals were caged individually in 
metabolic cages, and bled periodically for 
tests for viremia and antibodies. Throat and 
rectal swabs were expressed each in 1 ml of 
medium (199 with 276 inactivated fetal calf 
serum and 5000 units each of penicillin and 
streptomycin). Urine samples were collected 
either from urine naturally voided on a sheet 
of aluminum foil or by bladder puncture. 

Specimens for virus isolation were stored a t  
the laboratory a t  San Juan a t  -10" for 
periods varying from a few days to 6 weeks, 
after which they were transported to Balti- 
more on dry ice and stored a t  -70". Urine, 
throat swab and rectal swab specimens were 
prepared for virus isolation by addition of an 
equal volume of medium containing 25,000 
units each of penicillin and streptomycin, fol- 
lowed by 1-hr centrifugation a t  10,000 rpm 
in a refrigerated centrifuge. 

Renal biopsies were taken a t  29-31-weeks 
post inoculation. One kidney was exposed un- 
der intravenous Nembutal anaesthesia and a 
small piece of the renal cortex was removed. 
Kidney cells were grown as explants in 30-ml 
Falcon plastic flasks and as tryspinized cells 
in roller tubes, Leighton tubes, and Falcon 
plastic flasks. The growth medium was 199 
with 10% inactivated fetal calf serum and 
antibiotics. Most of the cultured cells formed 
complete monolayers. They were harvested 
21 days after planting by freezing and 
thawing the cell sheet and the medium three 
times. The minimum material tested from 
each animal consisted of cells from one flask 
and a pool of harvests from three or four 
roller tubes; these were tested separately for 
presence of SV40. The Leighton tube cov- 
erslips were examined for the presence of T 
and V antigens by indirect immunofluore- 
sence tests (8) .  

Virus isolations and titrations were per- 
formed by inoculation of primary AGMK 
cells using two to four tubes per dilution. 
Each tube was inoculated with 0.2 ml. Cul- 
tures were observed for SV40 cytopathic 

effects for 21-28 days and all isolates were 
identified by neutralization tests. Neutraliza- 
tion tests were performed as described before 
(9) .  Complement fixation (CF) tests were 
carried out in microtiter plates using two 
units of complement and infectious virus as 
antigen. The T antibodies were identified in 
indirect immunofluorescence test with SV40 
transformed hamster cells as described be- 
fore (5 ) .  

In utero infection. Six pregnant female 
rhesus were obtained from the Cay0 Santiago 
population. Their pregnancies were undated ; 
therefore, the age of the fetus was estimated 
by vaginal and rectal palpation. The esti- 
mate of duration of pregnancy for the six 
fetuses was between 90 and 120 days. 

The uterus was surgically exposed using 
full sterile precautions with the mother under 
barbiturate anesthesia. The fetal head was 
identified by palpation through the relaxed, 
thin uterine wall. Through a small scalpel 
incision in the uterine wall, away from the 
placental edges, the fetal head and upper 
portion of the fetal body were gently deliv- 
ered. LVith the fetal head held firmly between 
thumb and forefinger, 0.1 ml of undiluted 
virus ( lo7*() TCD30) was injected through a 
2 5-gauge needle inserted approximately 1 cm 
into the cerebral substance through the soft 
calvarium. A further 1.0 ml of undiluted vi- 
rus (10'-') TCD,o) was injected subcutaneous- 
ly in the interscapular region of the fetus. 
Three of the six fetuses were also given the 
immunosuppressive drug, cyclophosphamide 
(Cytoxan), intramuscularly a t  a dose of 90 
mg/kg of weight. Fetal weight in determin- 
ing dose was estimated in relation to pre- 
sumed fetal age. Mothers were bled 35 days 
after inoculation of fetuses for antibody, tests. 

Results. Infection of juvenile rhesus. All 
but one rhesus survived the observation peri- 
od of 29-31 weeks without any illness. Visi- 
ble tumors were not detected in any. The 
single fatality was an animal in the S.C. group 
which died 26 weeks after inoculation after 
a diarrheal disease; autopsy revealed no gross 
tumors. 

Viremia. The patterns of viremia were de- 
scribed earlier (5) and are summarized in 
Table I. Viremia was demonstrated in 14 of 
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T A B L E  I. Virciiiia Pa t te rns  i n  Rliesris 1iiocul:itcd with SV40 by 'l1I1rc*c niffcrciit Rontcs. 

Dose of virus KO. i t i  Vireniia on  clays 
Group (log TCJI,,) ~ ~ O U I J  No. vircinic yostiiioculatioii Peak titers/nil 

G 4 5, G, 7, 8 101.2 t o  los  * 
101.7 to  103.7 

4 4 5, G" 1 0 1 . 4  t o  103.4 

i.n. 7.3 
S.C. 7.3 6 G 1 ,2 ,  3 
i.g. 8.7 

a Only 2 days when tes ts  were madc. 

16 inoculated animals; it occurred earlier and 
reached higher titers in the S.C. group as 
compared to the i.n. group. 

Virus in throat and rectal swabs. I n  tests 
of 98 throat swabs and an  equal number of 
rectal swabs collected in the first 3 weeks 
after inoculation, virus was not recovered 
from any. The  numbers and time of collec- 
tion of throat and rectal swabs are given in 
Table 11. 

T A B L E  11. Niiinber of Throat  Sw:ibs (or  Rectal 
Swabs)  Collccted f rom 1iioc.ul:i t c d  C; roups aid 

Tested f o r  SV40 Virus. 

S o .  of throat  sw:ibs (or  rectal 
swabs) on days 1~0stiiioc.rilatioii 

No. in 
Group group 1-3 5-8 11-15 18-21 Tot:il 

i.n. G 9 12  15 9 45 
S.C. 6 9 12 15 9 45 
i.g. 4 8 8 

Tota l  18 32 30 18 98 

Viruria. Viruria was detected in three of 
six rhesus of the S.C. group but in none of six 
of the i.n. group (Table HI). The few tests 
done for viruria in the i.g. group were nega- 
tive. 

The  earliest viruria was demonstrable on 
day 13 after inoculation and the latest on 
day 60. All of the three rhesus which were 
viruric a t  any time, had virus in urine in the 
third week. The  duration of viruria was vari- 
able. Animal 12 was viruric only between 
days 13 and 21 during which time all four 
urine specimens yielded virus. Animal 11 was 
viruric in the third and sixth week and ani- 
mal 8 in the third and ninth week after 
inoculation. In  the last two, viruria was de- 
tected intermittently. Virus titers in positive 

specimens ranged between 10' .vi T C D d m l  
and lo4." TCD,o/ml. 

Virus and SV40 antigen in kidney cell cul- 
tures. Cells were grown from renal biopsies 
obtained 29-3 1 weeks postinoculation from 
15 of 16 inoculated animals. Results of virus 
isolation are given in Table 111. SV40 was 
recovered from cell cultures from a single 
animal, that of animal 12. Only one of three 
harvests from renal cell cultures of this ani- 
mal was positive. This rhesus was viruric in 
the second and third week and not thereafter. 
Of the other two rhesus which were viruric 
a t  some time, no biopsy could be obtained 
from Animal 11 which had died earlier, and 
three harvests from cell cultures of animal 8 
were negative. 

Coverslip preparations of cell sheets grown 
from trypsinized renal cells of Animal 12 
and 10 other rhesus were examined for SV40 
V and T antigens in indirect FA tests; none 
were positive. 

Virus neutralizing antibodies in serum. 
These appeared in all of 16 inoculated ani- 
mals by 2 1  days and persisted through the 
observation period of 29-3 1 weeks. They 
were detected earliest in animals of the S.C. 
group, by day 5 in one animal, by day 8 in 
three, and in all six by day 1 2  (Table I V ) .  
This group was viremic on the first 3 postino- 
culation days. In the i.n. group, which was 
viremic between 5 and 8 postinoculation 
days, the time of first appearance of neutral- 
izing antibodies was between 11 and 19 days. 
At 6 weeks, all rhesus in the S.C. group had 
serum antibody titers of 1: 1024 or greater; 
titers in individuals of the i.n. group were 
lower, ranging between 1: 128 and 1: 1024. Tn 
the i.g. group, antibody titers at 4 weeks 
were between 1:256 and 1:1024. At 29-31 
weeks, a majority of the animals maintained 
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TAB13  111. Frequency of Viruria. in Rhesus Expcrimcntally Tnfectcd with SV40 Virus :md Prescrice of 
Virus in Kidney Cell Culturcs. 

Virus in kid- 
ney culture 

postinocula- 
Titers“ of viruria (wccks postinoculat,ion) (29-31 weeks 

Group No. 1 2 3 4 6 7  9 10-16 29-31 tion) 

i.n. 1 NN 
2 N  NN 
3 NN N 
4 N N  N 
5 NN N 
( i N  

S.V. 7 NN N 
8 NN 
9 NN 

10 N 
11 NN 
12 3.0 

i.g. 13  
14 
15 
16 

NN N N N N N N  N 
N N N  N NN N N 
NN N N N N N  N N 
NN N N N N N  N N 
NN N N N N N N N  N 
NN N N N N N N N  N 

” N N N N N  N N 
N2.5 N N N 1.5 N N N 
NN N N  N NN N N 
N N N N N N N N  N N 

4.0,3.5 N 3.5 N N NN (Dicdatwcek 26) 
3.5, 4.0, 3.5 N N N N N N + 

N N  N N 
N N N 

N N 
N N N N 

N iiidicatcs 110 virus isolated a t  1 :2 dilution of urinc; values arc positive logarithms of virus titer/ 
1111. 

the high titers of earlier bleedings, while in 
others there was a two- to four-fold reduction 
in antibody levels. 

Virus neutralizing antibodies in urine. Ash- 
kenazi and Melnick (4)  have reported on the 
presence of neutralizing antibodies in urine 
of infected monkeys. In tests of 1 :2  dilution 
of urine, neutralizing activity was not demon- 
strable in any of the first urine specimens of 
the 12 rhesus in i.n. and S.C. groups. Ten of 
these specimens were collected between 0 and 
7 days postinoculation and the other two on 
days 8 and 12. Low level neutralization, as 
indicated by a delay in cytopathic effect of 
two to four days, was shown of 9 of 15 urines 
collected by bladder puncture a t  29-31 
weeks. These specimens were distributed as 
follows: 4 of 6 in i.n. group, 3 of 5 in S.C. 

group, and 2 of 4 in the i.g. group. The 
presence of neutralizing antibodies in the ur- 
ine was independent of the serum neutraliz- 
ing antibody titer. 

Neutralizing activity did not appear in the 
urines until the nineth week; 33 specimens 

collected between 3 and 7 weeks from rhesus 
of i.n. and S.C. groups were all negative. Once 
neutralizing activity was evident in the ur- 
ine of an animal, subsequent specimens until 
the end of the observation period also showed 
neutralization. Neutralizing activity ap- 
peared in the urine of both previously viruric 
animals that were examined as well as in 
urines from five of nine in i.n. and S.C. groups 
which were not demonstrated to be viruric. 

Viral CF antibodies. The CF antibodies 
were first demonstrable on days 14 and 15 
when three of six rhesus of the S.C. group but 
none of six in the i.n. group had antibodies; 
titers of positive sera were 1:64, 1:64, and 
1:8. By 21 days, all inoculated animals had 
antibodies, with titers ranging from 1:8 to 
1: 128 (Table V) .  I n  subsequent bleedings at 
13-16 and 29-31 weeks, there was a progres- 
sive fall in the mean geometric titers in all 
three groups. Antibody titers were somewhat 
higher for the i.g. group. At 29-31 weeks 5 of 
15 inoculated animals had CF antibody 
titers of 1 :4 or less, 
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TARTAE V. Siiititti;iry of C F  Aittibody Rcymitsc t o  SV40  Yiruh i n  tltc Tlircc Inoculated Groups. 

Timc (wvcks) :iftor iiifcetioii 

Group 3 13-1 G 29-31 

1.11, Prop. with ;intibodies 
Mean geoinrtric t i ter  
Raitge of t i ter  

S.C. Prop. with :intiboclic~s 
Mc;\li geoitivtric t i t c r  
Range of t i t c r  

i.g. Prop. with :intibodios 
31c:in gconic~ t ric t i t  c r 
Range  of t i ter  

6 / ( j  

1:14 
1:s to 1:04  

5/G 
1:14 

<1:4 to  1:64 

4/4 
1:38 
l : 1 6  to  1 5 4  

5 / 6  
1 :9 

< I  :4  t o  1:32 

3/5 
1 :5  

< 1 : 4 t o  1:32 

4/4 
1:22 
1 : l G  t o  1:32 

"Tumor" ( T )  antibodies. The details of T 
antibody response as measured by indirect 
FA tests with SV40 transformed hamster 
cells were described earlier ( 5 ) .  The time of 
first detection of T antibodies in individual 
animals is indicated in Table IV by parenthe- 
ses. The T antibodies developed in all ani- 
mals of the S.C. and i.g. groups and in four of 
six of the i.n. group. In the i.n. group, they 
were first detected on days 18 and 19, 4-6 
days after the appearance of neutralizing an- 
tibodies. In the S.C. group, they were demon- 
strable 11 to 13 days after inoculation: neu- 
tralizing antibodies appeared on the same 
day as T antibodies in three rhesus, and in 
the other three, 4-6 days earlier. 

In  utero infection. Of the six fetuses inocu- 
lated, two died in utero,  and one was still- 
born. Two fetuses were delivered by Caesari- 
an section 53 days after inoculation a t  what 
was thought to be full term, but they were 

premature and survived only a few hours. 
Neither of these two had received cyclophos- 
phamide. They were without visible tumors 
in the subcutaneous tissue or in brain or 
other internal organs. Their cord bloods in 
dilution of 1 : 10 were negative for virus; their 
cord sera had titers of 1 : 512 and 1: 1024 for 
virus neutralizing and 1 : 16 and 1 :32 for T 
antibodies. These titers of neutralizing and T 
antibodies were comparable to those in sera 
of all mothers 35 days after fetal inoculation. 

The sixth fetus was born naturally by 
vaginal delivery 74 days after inoculation. As 
the average duration of pregnancy in rhesus 
is 165 days, the age of this fetus a t  time of 
inoculation was estimated to be approximate- 
ly 90 days. I t  had received, in addition to 
lo7*" TCDSo of virus intracerebrally and 1OS-O 
of virus subcutaneously, 15 mg of cy- 
clophophamide intramuscularly. 

The newborn was separated from the 

TARTJ3 VI. Follow-up of Rltesiis 1 Itfalit Born  74 l )nys :ifter i l l  U t w o  Iiiociilnt,ion with SV40. 

A g e  of i n f a n t  (clays) 

I tem 2 10  30 57 79 

Days sf ter  inoculation : 76 84 104 131 153 

Viremia" N N 
V i  r u ria" Nb N N N + Neutrsliziiig antibody, urineo - - 
Neutralizing antibody, seruin 
T ant ibody 1:32 1:64 

1 : 1024 1 : 1024 

a N indicates negative at ililutioii of 1 : 3 .  
Negat ive f o r  SV40, aclenovirus isolatocl. 
- = no  neutralizatioii; and + = neutralization b y  1 :2  dilution of urine. 
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mother immediately after birth and was 
reared separately with artificial feeding. Re- 
sults of tests on this infant are given in Table 
VT. SV40 was not isolated in tests of a 
1: 10 dilution of blood on day 2 and of a 1: 5 
dilution of serum on day 10 after birth. Viru- 
ria was not detected in tests of four urine 
specimens collected between days 10 and 79 
of the infant's life. Serum of day 10 had a 
neutralizing titer of 1 : 1024 and T antibody 
titer of 1:32; comparable titers for both anti- 
bodies were also found in serum of day 79. 
Neutralizing activity was first demonstrable 
in the urine specimen of day 79. The infant 
has remained free of signs of brain tumor or 
of subcutaneous tumor in the first 4 months 
of life. 

Discussion. Juvenile rhesus were readily 
infected by a single exposure to SV40 by 
each of three routes of inoculation. The 
course of infection after s.c .inoculation diff - 
ered from that after i n .  inoculation in that 
( a )  viremia occurred earlier, in all animals, 
and in higher titers (b )  viruria was demon- 
strable and (c) neutralizing, viral CF, and T 
antibodies appeared earlier and reached high- 
er titers. In  the more limited study after i.g. 
inoculation, viremia in all animals and anti- 
body response were consistently demonstrat- 
ed but urine specimens were collected too 
late to provide an adequate test for the oc- 
currence of viruria. The ease with which in- 
fection was established in rhesus after i.g. 
inoculation constrasts sharply with the re- 
ported lack of antibody response in man after 
oral administration of SV40 ( 1, 10, 1 1 ) . 

Meyer et al. (3) have described experi- 
mental infection of two African green monk- 
eys after i.n. inoculation of 107*0 TCDBo of 
SV40. In this species, viremia was demonstra- 
ble for a period of 15 days, beginning on the 
second day after inoculation. In rhesus inocu- 
lated i.n. with a comparable dose of virus, the 
duration of viremia was only 4 days, begin- 
ning on day 5 after inoculation. Further, 
Xleyer et al., recovered small quantities of vi- 
rus from the pharynx during the second week 
and less frequently from stool during the 
first week while we were not able to isolate 
virus from throat and rectal swabs of infected 
animals. I t  is possible that with our observa- 

tion of inoculated tubes for no longer than 
3-4 weeks, and storage of specimens a t  -10" 
for varying periods of time, minimal quanti- 
ties of virus would have gone undetected. 

Ashkenazi and Rlelnick ( 4 )  studied viruria 
and latent kidney infection in 10 African 
green monkeys after direct introduction of 
the virus into one or more of the following 
sites: kidney, brain, skin, subcutaneous tis- 
sue, and lung. They detected, in all 10, viru- 
ria a t  some time in the first 2 months and, in 
4 of 8 monkeys, virus in kidney biopsy cul- 
tures as long as 6-8 months after inoculation. 
In rhesus, viruria was detected in only one 
half of those infected by the S.C. route (a 
group somewhat comparable to the above 
green monkeys) and in none inoculated in- 
tranasally, and a t  29-31 weeks, virus was 
recovered from kidney biopsy cultures of a 
single animal. I t  is very likely that the fre- 
quency of virus recovery from kidneys would 
have been greater, had the biopsies been 
taken earlier or if whole kidneys were pro- 
cessed (3, 4). In  rhesus, virus neutralizing 
activity in urine appeared a t  or after 9 
weeks and was not confined to previously 
viruric animals. I t  is possible that these diff- 
erences between the course of SV40 infection 
in rhesus and in African green monkeys, viz., 
longer viremia and higher frequency of viru- 
ria in African green monkeys, represent the 
higher virulence of SV40 for a host to which 
it is not adapted. On the other hand, these 
differences may represent variation among 
the virus strains tested. 

The results of this investigation indicate 
that nonimmune rhesus can become infected 
by the oral or the respiratory route. Howev- 
er, the study did not identify the different 
possible modes of virus dissemination from 
an infected rhesus or clarify their relative 
importance. 

The three fetuses, born alive after in utero 
injection of virus a t  about 90 days of gesta- 
tion, did not display tumors a t  birth. The 
persistence of high antibody titers in the one 
surviving infant would suggest that the high 
levels of antibodies found in cord sera and in 
serum soon after birth were the result of an 
immunological response on the part of the 
fetus rather than of a passive antibody trans- 
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fer from the mother. Cyclophosphamide, giv- 
en at the time of virus inoculation, and at the 
dose administered, did not prevent the im- 
munological response. 

Summary. Nonimmune rhesus were readily 
infected by administration of SV40 by in- 
tranasal (i.n.) , subcutaneous ( s . ~ . ) ,  or in- 
tragastric (i.g.) route. Viremia, demonstrable 
in animals of all three groups, occurred ear- 
lier and with higher titers in the s . ~ .  group. 
Neutralizing and viral CF antibodies ap- 
peared in all inoculated rhesus and T anti- 
bodies in 14 of 16. Viruria was detected in 
three of six of the S.C. group, most commonly 
in the third week after inoculation. Virus 
neutralizing activity occurred in the urine a t  
or after 9 weeks postinoculation and was not 
confined to previously viruric animals. Virus 
was isolated from kidney of one rhesus from 
biopsy cultures performed 29-3 1 weeks after 
inoculation. Three rhesus fetuses which were 
given SV40 intracerebrally and subcutaneous- 
ly a t  about 90 days of gestation had, at or 
soon after birth, high titers of antibodies and 
no tumors. In  the single surviving infant, 

antibody titers did not fall in the first 11 
weeks of life. 
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