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Increased use of the technique of cell
cultivation for isolation, maintenance
and study of viruses has resulted in the
discovery of many hitherto unknown
cytopathogenic agents. In screening
human stool samples or rectal swabs
for poliomyelitis viruses, Melnick (1)
isolated several "orphan viruses"
which do not type with poliovirus
antiserums, and from the same source
Sabin (2) obtained 5 viruses referred
to as He1; He2, etc. The new RI series
of viruses was isolated in tissue culture
by Hilleman and Werner (3) from
throat washings of patients with respira-
tory disease. Rowe, Huebner et al. (4)
isolated a similar group of viruses, the
APC group, which first appeared in
tissue cultures of human adenoid and
tonsillar tissue and later were recov-
ered from eye washings of patients with
a conjunctivitis. Recently Rustigian et
al. (5) reported recovery of two cyto-
pathogenic agents from cultures of mon-
key kidney cells. Thus, a number of
viral agents are present in tissues and
excreta of man and lower animals which
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defy detection by methods other than
tissue culture.

During production and testing of
poliomyelitis vaccine, hundreds of thou-
sands of monkey kidney cultures pre-
pared from thousands of monkeys were
observed in our laboratories and in
others participating in this program.
Numerous filterable, transferable cyto-
pathogenic agents other than poliovirus
were also encountered. Although these
agents were probably introduced into
the cultures with the monkey kidney
cells, there remains the remote possibil-
ity that some represent contaminants
from human sources, horse serum, nu-
trient medium or other solutions used
in the preparation of cultures. This
report describes 8 immunologically dis-
tinct agents isolated and studied in our
laboratories, and makes reference to 2
from other sources.

MATERIALS AND METHODS

Two types of tissue culture were used
and one or more of these agents were
recovered from both types. The so-
called Maitland type of culture (minced
tissue) was employed for large-scale
production of poliovirus, whereas the
new trypsinized cell type of culture in-
troduced by Dulbecco and Vogt (6) and
modified by Youngner (7) was used for
all assay and safety test procedures.
The latter type included both roller
tube and 500-ml bottle cultures. The
agents recovered from production cul-
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tares were demonstrated after polio-
virus was suppressed with specific anti-
serum. Some of these agents were ob-
served in roller-tube cultures beyond
the end point of poliovirus titrations.
The majority of isolations, however,
were made in either bottle cultures or
roller tubes used in safety1 testing of
vaccine in which a large number of
normal cultures (i.e., those on tests with
vaccine) were held, examined and sub-
cultured over a period of 21 days. Af-
ter these agents were isolated, subcul-
tured several times, and titrated to
remove the possibility that merely non-
specific toxic factors were transferred,
their antiserums were prepared as fol-
lows : emulsified antigens were prepared
with living viruses in mineral oil ac-
cording to the procedure described by
Salk and Laurent (8) in which Arlacel
A is used as the emulsifying agent.
Albino rats, weighing 250 grams, were
given one injection of 0.5 ml of the
emulsified antigen in each hind leg or
2-to-3-pound white rabbits were given
2.5 ml, or both were done. The animals
were bled by cardiac puncture after a
3- to 4-week interval. In most eases
animals were not exsanguinated at the
first bleeding, but remained alive as a
reservoir for future antiserum needs:
In some instances, booster doses of
aqueous antigen were given after 6
months or longer. Antiserums so pre-
pared were titrated in monkey kidney
cell cultures against 100 TCIDr,0 (me-
dian tissue culture infective dose) of
the homologous virus. Serums which
at dilutions of 1 in 64 or greater pro-
tected cells were considered adequate
for routine typing of other isolates.

The agents isolated will be referred
to as "Simian viruses" (S.V.) until
such time as a definite association with
some other host or identification can be

established. These agents will be re-
ferred to as S.V.!, S.V.j, etc. Of the
original group of agents which included
S.V., through S.V.15, eight (S.V.,, „ 4,
o. «, in 12 and is) will be described in
this paper. The missing numbers were
held by agents that were identified or
reclassified after antiserum studies, or
which have not yet been adequately
studied for inclusion at this time. The
latter category includes S.V.1S which is
the "lacy or foaming" agent frequently
seen in cultures of monkey kidney cells.

RESULTS

The following is a brief account of the
original isolation and description of the
8 agents referred to above.

S.V.j was recovered from roller-tube
cultures of trypsinized monkey kidney
cells planted on February 8, 1954. This
series included 1,700 tubes prepared
from a pool of kidneys from 4 appar-
ently healthy cynomolgus monkeys. Af-
ter 6 to 8 days of incubation the cul-
tures appeared satisfactory and were
used for titrations of poliovirus. After
6 more days of incubation a type of cell
destruction was seen in some cultures
beyond the end point of the poliovirus
that was atypical of the damage pro-
duced by the latter. This atypical dam-
age was observed in 17 per cent of the
cultures. This eytopathogenic effect
(C.P.E.) was characterized by a reduc-
tion in size and distinct rounding of the
cells. Infected cells were generally
seen in clusters; they remained affixed
to the glass rather than floating free as
do cells infected and destroyed by
polioviruses. The S.V.j-infected cells
were also characterized by very discrete
black borders. It was possible to trans-
fer this specific C.P.E., which had a
titer of lO"80 TCID00, to other kidney
cultures. After several tissue culture
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passages, the extent of damage mounted
to complete destruction of the culture
and the titer also increased. S.V.1; cur-
rently in its twentieth passage, has a
titer of 10-" TCID50 or greater follow-
ing 7 to 10 days of incubation in tryp-
sinized monkey kidney cultures. S.V-!
was studied in greater detail than others
isolated more recently. Therefore, a
larger volume of information concern-
ing S.V.! is on hand and will be pub-
lished later.

S.V.2, like S.V.!, was first recovered
from roller-tube cultures used for assay
of poliovirus and was again observed in
cultures beyond the end point of the
poliovirus. This agent was obtained
from cultures of rhesus monkey kidney
cells planted on August 31, 1954. Un-
like S.V.!, it did not require a period
of adaptation to tissue culture; it com-
pletely destroyed cultures in 1 day -when
subcultured undiluted. After 3 such
passages it titered at 10"68 TCID50.
The characteristic C.P.B. of S.V.2 was
seen only in very early stages of cell
infection when relatively few small
patches of cells were involved. These
infected cells had very discrete borders,
were somewhat pear-shaped or re-
sembled budding yeast cells, and were
smaller than normal cells. After more
extensive degeneration had occurred,
the specific or characterizing C.P.E. was
no longer evident; however, the damage
was still unlike that produced by polio-
virus. Since its original isolation S.V.2
has been recovered occasionally from
production cultures and from other
assay cultures. It has been associated
only with cultures of rhesus monkey
kidney cells.

S.V.4 was first observed in bottle cul-
tures used in vaccine safety tests that
had been planted with rhesus monkey
kidney cells on December 7, 1954.

This agent, like S.V.2, required little,
if any, adaptation to growth in tissue
culture since in the first passage dilu-
tions of 10~x completely destroyed the
cultures within 3 to 6 days. After 3
successive tissue-culture passages, it had
a titer of 10"* TCID60 or greater. The
most characteristic C.P.E. of S.V.4 was
seen in more advanced stages of cell
destruction. The cells became very
granular, contained a few small vacu-
oles, and the nucleus was obliterated.
The cells did not become round, nor was
the cell wall or border accentuated as
described in S.Y^ and S.V.2 infections.
The granulation and vacuolization gave
cells a rather riddled, or feather-like,
appearance. Destroyed cells did not
slough off the glass quite as readily as
did cells destroyed by poliovirus, and
often they could be seen still fastened
by one cell process. This condition
tended to increase the feather-like ap-
pearance because of a waving or flut-
tering motion of the cells as the medium
was agitated during microscopic obser-
vation. In early stages of infection
with S.V.4 small patches of infected
cells generally were seen at the periph-
ery of the cell sheet in roller-tube cul-
tures. These cells were enlarged or
swollen and the first evidence of granu-
lation and vacuolization described above
was seen in some cells. In addition to
possessing the specific C.P.E., S.V.4 was
characterized by its inhibition by polio-
virus antiserums and by normal serums
from several animal species even when
high titered virus was used.

S.V.6 was recovered in roller-tube cul-
tures of trypsinized rhesus monkey kid-
ney cells which had been inoculated with
fluid from a vaccine safety test bottle
culture prepared on October 8, 1954,
with kidney cells from rhesus monkeys.
The C.P.E. produced by S.V.O was quite
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unlike that described for the preceding
agents, and even after 7 successive
passages there was not complete degen-
eration of the cultures. In the early-
stage of cell infection with this agent
there were patches of fused or coalesced
cells which contained several nuclei and
resembled giant cells. This observation
was not unlike that seen in cultures
infected with measles (9) or mumps
(10) viruses, but the vacuolated or lacy
appearance of the cells in the latter two
infections did not follow. These en-
larged cells, or clusters of cells, became
quite granular; their nuclei were lost or
obliterated, and they floated free in the
medium, appearing only as somewhat
transparent amorphic masses of degen-
erated protoplasm. Other, uninfected,
cells remained affixed to the glass and
appeared healthy. Titers of 10""*5

TCIDCO or greater have been obtained
in monkey kidney cultures. After 7
tissue-culture passages, S.V.O was placed
in storage at — 78 C, where it was
apparently destroyed as attempts to in-
fect cultures with thawed material at
later dates failed. Recently, however,
S.V.5 was reisolated and identified with
antiserums prepared from the original
isolate.

The origin of S.V.O was somewhat
vague. This agent first occurred in our
tissue-culture research laboratories in
cultures of rhesus monkey kidney cells
planted on January 11, 1955, which
were employed in a poliovirus neutrali-
zation test on a human postvaccination
serum. The C.P.E., unlike that pro-
duced by poliovirus, was seen in cul-
tures challenged with type 1 Mahoney
virus, but which were protected from
poliovirus by type 1 antibodies in the
serum. It was not observed in cultures
challenged with type 2 MEF or type 3
Saukett viruses. Further studies on

the patient's serum alone failed to show
evidence of virus in it or of antibodies
against this agent. "When the Mahoney
standard virus, prepared on July 10,
1954, was re-examined with specific
antiserums to inhibit poliovirus, this
agent was again recovered; thus it ap-
parently had been introduced into the
neutralization test along with the chal-
lenge virus. This standard virus, how-
ever, had been in use for about 6
months and had not previously shown
evidence of this contaminant. "When it
was first observed, the C.P.B. of S.V.6
was not like that produced by polio-
virus but somewhat resembled that seen
in cultures infected with herpes virus.
The latter produces a large rounded cell
with a prominent nucleus and with sev-
eral spike-like processes.

Since herpes virus was being studied
at that time, S.V.8 was immediately
typed with herpes antiserum, but could
not be neutralized with it. In addition,
10 mice were inoculated intracerebrally
with this agent, and 10 mice with herpes
virus for controls. All animals in con-
trol group succumbed to herpes en-
cephalitis, whereas the 10 mice given
S.V., remained healthy. After addi-
tional tissue-culture passages the C.P.E.
of S.V.6 ceased to resemble that of
herpes virus and become more like that
caused by poliovirus in its early stages.
The agent was further characterized by
the fact that it seldom destroys more
than 25 to 30 per cent of the cells in
the culture. These infected cells slough
off the glass, disintegrate, and the re-
mainder of normal cells repopulate the
culture, so that in some cases after 7
days one might not recognize that
change had occurred in the culture.

S.V.n was originally isolated from
safety test bottle cultures prepared on
March 2, 1955. The type of C.P.E.
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produced by S-V.^ is indistinguishable
from that caused by S.V.^ S.V.U, how-
ever, was recovered from rhesus monkey
kidney cells, whereas S.V.t was isolated
in cultures prepared from cynomolgus
monkey kidneys. S.V.^ did not require
a period of adaptation to growth in tis-
sue culture as did S.V.t, and it had a
higher titer. After 9 passages its titer
was lOr7-5 TCID00. In neutralization
tests there was no cross-over between
these two agents. It is interesting that
this agent had not been encountered
prior to the middle of March, 1955, but
was reisolated numerous times during
the spring of 1955.

S.V.12 was recovered from safety test
bottle cultures prepared on April 20,
1955, but it probably occurred earlier
and was confused with S.V.4. This
agent had a C.P.E. identical with that
produced by S.V.4, but unlike S.V.4,
it was not inhibited by normal serums.
Titrations of a pool of S.V.4 which was
inhibited by normal serums, and of
S.V.12, which was not inhibited, re-
vealed the S.V.t pool to have the higher
titer, thus demonstrating that inhibi-
tion by serum was not a function of the
virus titer. In a cross-neutralization
test between S.V.12 and S.V.< and their
serums, no evidence was obtained that
S.V.12 was immunologically similar to

s.v.4. •
S.V.1O was isolated in the middle of

March, 1955, in cultures of rhesus mon-
key kidney cells. The type of cell dam-
age produced by S.V.1O was essentially
indistinguishable from S.V^ and S.V-n
in that it was typified by rounding of
cells with cluster formations which did
not readily slough off the glass wall of
the tube. It did produce cell damage
in a shorter period of time than did
S.V.! and reached higher titers than
either S.V^ or S-V.^. Average titers

have varied between lO"7" and lO"80

TCIDj,,. In cross-neutralization tests it
was shown to be immunologically dis-
tinct from S.V.i and S-V.^.

The characteristic C.P.E. produced
by these agents has been used very ef-
fectively in their identifications. Some
can be identified quite regularly by this
method while others can be placed in
certain groups. For convenience these
groups are as follows:

Group I

S.V.i
S.V.,i
S.V.u

Group II

S.V.,
S.V.u*

• See table 4.

Group III

S.V.4
S.V.L

s.v.,,*

Miscella-
neous

S.V..
S.V.,

During preparation of this paper at
least two more viruses, apparently dif-
ferent from those described here, have
been isolated. These are being studied
further.

In addition to the observations on
these viruses in trypsinized monkey
kidney cell cultures, they were studied
for growth in monkey testicular cells,
human kidney cells, HeLa cells and in
Maitland type cultures of monkey kid-
ney tissue. They were also filtered
through 03 Selas filters under pressure
and tested for heat inactivation at 65
C for 30 minutes. The time required to
reduce titers to less than 1 TCID50 by
1 in 4,000 formaldehyde at 37 C was
determined.. To test the samples,
formaldehyde was neutralized with so-
dium bisulfite and the complex removed
by dialysis. The results of these experi-
ments are summarized in table 1.

"With the exception of S.V.j, very
little, if any, cross-neutralization was
seen among these 8 monkey viruses and
the 3 types of poliovirus. The data
from cross-neutralization tests are given
in table 2. S.V., appeared to have some
antigenic similarity to S.V.U S.V.4, and
to S.V.5; however, this was of low order.
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TABLE 1

General properties of Simian viruses

Viruses

S.V.,
S.V.,
S.V.4
S.V.,
S.V.,
S.V.11
S.V.I,

S.V.1,
Typel

Mahoney

Growth in ouhuraa of

Monkey

Yes
No
Yes*
No
No
Yes
Yes
Yea

Yes

HeLa

Yes*
No
Yes*
No
No
Yes
Yes
Yes

Yes

HumAD
kidney

Yes
No
No
No
No
Yes
Yes
Yes

Yes

Maitland

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Inacti-
vated

by 66 C,
30min.

Yes
No
Yes
Yes
No
Yes
No
Yes

No

Time
(Aours)

required
to reduce
titer to

l I D » b y
HCHO

<48
<48
<48
<24
<48
<24
<96
<48

<96

OiSeUs
filterable

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

TlSSfa

culture
(av. titer)

1 0 - "
1 0 - "
1 0 - "
1 0 - "
1 0 - "
10"^ •»
1 0 - "
10-™

10-7-*

* Cultures destroyed in first passage only.

When tested against human gamma
globulin, only S.V.1X was neutralized.
The gamma globulin inhibited the virus
in dilutions up to 1 in 8. Naturally
occurring antibody was demonstrated
in several individual monkey serums
against some of these viruses. Each
virus was also typed with B virus, with
type 1 and type 2 dengue fever virus
antiserums, and with Sabin's human
enteric virus antiserums, all very kindly

made available to us by Dr. Albert B.
Sabin. Neutralization of S.V^ was ob-
served in type 2 dengue antiserum.
This possible identification of S.V.j, as
type 2 dengue virus was eliminated
when preimmunization serum from the
cynomolgus monkey used to produce the
type 2 dengue antiserum showed the
same anti-S.V^ titer as did the post-
dengue immunization serum from the
same monkey.

TABLE 2

Cross neutralization tests

Dorumfl

S.V.i
S.V.,
S.V.4
S.V..
S.V..
S.V.ii
8.V.1,
S.V.u

Mahoney
MEPi
Saukett

S.V.1

1:1,024
0
0
0
0
0
0
0
0
0
0

S.V.,

1:8
>1:266

1:4
1:8

0
1:4
0
0
0
0
0

S.V.i

0
1:4

>1:256
0
0

1:4
0
0
0
0
0

8.V.,

0
0
0

1:64
0
0
0
0
0
0
0

Viruses,

8 V.i

0
0
0
0

1:64
1:4

0
0
0
0
0

100 TCIDM

8.V.H

0
0
0
0
0

1:256
0
0
0
0
0

S.V.11

0
0
0
0
0
0

1:32
0
0
0
0

SV.i.

0
0
0
0
0
0
0

1:32
0
0
0

Man.

0
0
0
0
0
0
0
0

1:128
0
0

MEFi

0
0
0
0
0
0
0
0
0

1:266
0

Sauk.

0
0
0
0
0
0
0
0
0
0

1:128
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When tested against human enteric
virus rabbit antiserums, S.V.4 was in-
hibited by anti-He2 and He6, but not
by He!, , and t. S.V.12 was inhibited
by anti-He6. Since S.V.4 was frequently
inhibited by normal serums and hetero-
logous antiserums, the significance of
its neutralization by serum prepared
against He. and 0 viruses was doubtful.
Inhibition of S.V.12 by anti-Hefl at first
seemed to be significant. However,
when pre-He0 immunization serum from
the same animal was tested it also in-
hibited S.V.12. Thus a rabbit appeared
to have natural antibody against this
agent.

All of these monkey viruses in the
culture medium fixed complement by
the Bengtson (11) method in the pres-
ence of specific antiserum. In hemag-
glutination studies by the Salt (12)
pattern method, S.V.O and S.V.1S pro-
duced hemagglutination of chicken
erythrocytes at room temperature. This
hemagglutination was also inhibited by
specific antiserums. S.V.a, t, 12 and 16

all hemagglutinated rhesus and cyno-
molgus monkey erythroeytes at 5 C,
whereas only S.V.12 and S.V.1B hemag-
glutinated human type 0 erythrocytes.

Monkeys were inoculated intracere-
brally, intramuscularly, and in some in-
stances by other routes, with all the
viruses. Serum from each monkey in-
oculated was first assayed for antibodies
against the specific virus to be injected.
Only negative animals were used. With
the exception of S.V.12 and S.V.1O no
evidence of clinical illness or of gross
or histopathological lesions was seen.
Monkeys inoculated intracerebrally with
high titer undiluted S.V.ia and S.V.16

viruses succumbed within 4 to 6 days
after inoculation. The specific type of
virus inoculated was readily recovered
from brain and cord tissues of these

animals. These same two viruses, how-
ever, when inoculated intramuscularly
into monkeys failed to produce clinical
disease or gross or histopathological le-
sions. The histopathological lesions ob-
served in the intracerebrally inoculated
monkeys revealed necrosis and complete
destruction of the choroid plexus plus a
generalized aseptic type of meningitis.
No other brain pathology or lesions re-
sembling those of poliomyelitis were
seen. The various organs studied ex-
hibited no recognized lesions and it ap-
peared that all involvement was limited
to the central nervous system in the re-
gion of the virus inoculation. The le-
sions produced by S.V.12 and S.V.IB were
indistinguishable.

Although no recognizable disease was
produced in the monkeys inoculated
with these viruses, with the above noted
exceptions, some evidence was obtained
in our laboratories, and in others, that
S.V.2 and S.V., may have some etiologi-
cal significance in enteric infections. In
table 3, showing the serological identifi-
cation of virus samples received from
other laboratories, it is noted that sam-
ple M.B., from the Army Medical Serv-
ice Graduate School (A.M.S.G.S.) was
identified as S.V.2. Agent M.B 3 was
isolated by Dr. Viola M. Young (De-
partment of Bacteriology, A.M.S.G.S.)
from stool specimens from monkeys at
the Okatie Farm monkey colony during
an epidemic of diarrhea. Recently in
our laboratory a small (approximately
3 pounds) cynomolgus monkey, which
had been in the laboratory for at least
6 months, became ill with diarrhea and
died. A culture from a rectal swab
taken the day before death revealed the
presence of S.V.a in high concentration.
Additional infectivity studies with S.V.j
and S.V.e given monkeys by the oral
route are in progress.
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TABLE 3

Serological identification of samples from
other laboratories

Submitted by

Connaught
Labs.

Parke Davis
Labs.

Cutter Labs.

Pitman Moore
Labs.

Biologic Con-
trol, N.I.H.

Rustdgian,
Univ. of
Chicago

Army Med.
Serv. Grad
School

Sharp and
Dohme Laba.

Total
no of

samples

7

22

3

3

7

2

3

1

No.
identi-
fiedm
column

4

5
2

4
16
2

1
1
1

2
1

6

1

0

1
1
1

0

Identification

S.V.4
S.V.,1

S.V.,,
s.v.,,

B virus

S.V.4

s.v.,,
S.V., + type 2

polio + S.V.i,

B Virus
Typel + 2

polio

No definite
agent dem-
onstrated

S.V.,?

Unidentified

S.V.,
S.V.,

Unidentified,
named S.V.k,

Unidentified,
named S.V.n

Sample no. 59 in table 3, also from
the Army Medical Service Graduate
School, produced a C.P.E. very similar
to that produced by S.V.12 but was not
identical serologically. This no. 59 vi-
rus was isolated by Miss Nancy G.
Rogers (Department of Virus and Rick-
ettsial Diseases, A.M.S.G.S.) from the
lung of a monkey with a respiratory ill-
ness. Although agent no. 59 could not
be identified as one of the S.V. agents

isolated in our laboratories, it undoubt-
edly belongs in this group; therefore,
with the consent of Miss Rogers, it has
been given the identification of S.V.68.

A virus sample received from the
Sharp and Dohme Laboratories pro-
duced a C.P.B. almost identical to that
of S.V.j but was neutralized by S.V.,
antiserum in a dilution of 1 in 4 only.
Therefore, it was similar to, but not
identical with, S.V.2. This agent was
isolated in cultures of rhesus monkey
kidney cells by Miss Evelyn Dwyer and
with her consent has been given the
identification of S.V.ia. No further in-
formation is available at this time.

None of these monkey viruses in-
fected embryonated eggs as determined
by death of the embryo. However, one
agent from the A.M.S.G.S. identified
as S.V., had been recovered from em-
bryonated eggs inoculated with monkey
kidney tissue-culture fluids. Groups of
adult and suckling mice were inoculated
intracerebrally and intraperitoneally
with each virus. However, no evidence
of disease nor death of the mice was
observed. Rats and rabbits which were
inoculated with live virus for the pro-
duction of antiserum also did not suc-
cumb to infection with any of these
agents.

A complete record of the relative fre-
quency of the isolation of these 8 viruses
in all sections of our laboratories is not
readily available. However, table 4
shows the degree with which each agent
was encountered during vaccine safety
testing from January, 1954, through
January, 1956. The column headed
"number of isolations" refers to the
number of safety tests in which one
or more isolations of a given virus was
made and does not include multiple
recoveries in any one test. The degree
of contamination with these viruses
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TABLE 4

Frequency of contamination during
4#4 safety tests

No. of
safety tests

cont&mim tedViruses
8. V.i
S.V.,
S.V.4
S.V.,
S.V..
S.V.1,
S.V.H
S.V.i.
Not identified*

o
5

72
22
0

11
37
9

30

* None of the 30 isolations listed as unidentified
were suspected of being agents other than one or
another of this group of 8 S.V. agents. They
were not, however, differentiated by neutraliza-
tion^because of problems of time aand fcihty.

varied from one or two cultures to over
one half of those employed in a given
test. It is seen in table 4 that S.V.4
was our most frequent isolate. There
did appear to be a seasonal, or simulated
seasonal, variation involved in the ap-
pearance of these agents, as most of
the S.V.4 isolations were made between
January and the middle of April. It
did not appear again until January,
1956. From the middle of April to
August 1, S.V.1:l occurred with the
greatest frequency, although it was not
previously seen at all. S.V.12 and S.V.1O

first appeared about the same time as
S.V.n and have been encountered oc-
casionally during the same time period.
S.V.O first appeared in early October,

1954, and was isolated several times
during that fall but has been reisolated
only once until September and October,
1955, in which two months 19 isolations
were made.

Other laboratories producing and
testing poliomyelitis vaccine and work-
ing on some phase of the program have
encountered similar viruses, and have

very kindly made available to us sam-
ples of these agents for serological com-
parison with the 8 viruses described in
this paper. Table 3 summarizes the
results of the serological typing of these
agents against our 8 monkey virus anti-
serums as well as against other anti-
serums where typing was done in our
laboratory to confirm the identification
of known viruses or of mixtures which
had caused difficulty in identification.

It can readily be seen in table 3 that
all samples tested could be identified as
one or the other of our "simian vi-
ruses" or other known viruses, with the
exception of those received from Busti-
gian, from the National Institutes of
Health, one from the Army Medical
Service Graduate School and one from
Sharp and Dohme. More recent mon-
key virus isolations, not included in this
paper but referred to previously, prob-
ably contain an agent similar to those
previously described by Rustigian.
These agents exhibited a low order of
pathogenicity for monkey kidney cells
in tissue culture, and did not make
their presence as obvious as did the
8 agents described here.

In addition to these apparently new
monkey viruses, B virus was isolated in
tissue culture on one occasion from the
brain of a rabbit inoculated with virus
fluid from the first stages of production.
It was also of interest that one series
of roller-tube cultures planted with kid-
ney cells from cynomolgus monkeys con-
tained a low order of contamination
with a trichomonad. The species of this
protozoan was never determined.

DISCUSSION

The isolations and characteristics of
8 apparently new viruses have been de-
scribed. Although definite proof has
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not been presented, these agents prob-
ably have been simian in origin. What
diseases, if any, they might be respon-
sible for in monkeys also has not been
established. S.V.j and S.V., may be
etiological agents in intestinal infections
of monkeys inasmuch as both have been
isolated from stool samples of animals
suffering from diarrhea. None have pro-
duced experimental infections when in-
oculated intramuscularly although both
S.V.12 and S.V.1B caused a prostrating
type of paralysis and death in monkeys
following intracerebral inoculation. At-
tempts which are being made to infect
monkeys by other routes of inoculation
are not yet completed.

There has been no evidence to indi-
cate that any of these 8 viruses might be
of public health concern, although
S.V.n was neutralized by human gamma
globulin, S.V.12 and S.V.15 hemaggluti-
nated human erythrocytes, and S.V^
S.V.U, S.V.12 and S.V.15 infected and
destroyed human kidney and HeLa cells
in tissue culture. Sufficient serological
study has not been done to differentiate
these agents from all known human
pathogens occurring in the United
States, but the characteristics of the
growth of these viruses (with the excep-
tion of S.V.J in tissue culture and
their failure to infect mice, rats, rab-
bits and embryonated eggs have served
to rule out most possibilities. In addi-
tion it has not been possible to identify
any of these agents as dengue fever
virus, a virus common to the areas in
which most of the monkeys have been
trapped, nor have any of the 8 been
shown to be B virus.

The greatest significance of these vi-
ruses has been their appearance in tis-
sue cultures used to produce and to
test poliomyelitis vaccine. This has
been especially troublesome during tis-

sue-culture safety testing of the vaccine
as the occurrence of these viruses has
in many instances invalidated tests for
poliovirus, making retesting necessary
and thereby delaying the release of vac-
cine. There has also been the problem
of proving in some cases that the con-
taminating ' ' simian virus'' isolated dur-
ing a vaccine safety test was not in the
vaccine sample under test. In general,
however, this has not been a problem
since many of these agents have been
recovered from normal or uninoculated
control cultures. The likelihood of the
contaminating S.V. agent being in the
vaccine sample has also in many in-
stances been diminished by a statistical
consideration of the results of all the
tests given a particular lot of vaccine.
Five tissue-culture safety tests have
been done on each lot of vaccine with
800 to 1,800 ml of vaccine being tested
in each of the 5 tests. In nearly every
instance different cell preparations
have been used in the cultures employed
in each of the 5 tests. Thus, if, for ex-
ample, S.V.4 had been recovered in a
large number of cultures in one test
but did not occur in any of the other
tests, it seemed unlikely that it could
have been in the vaccine under test.
Perhaps the most convincing argument
against the possibility of there being
live "simian viruses" in the vaccine
was obtained through the studies on
formaldehyde inaetivation of these
agents. As was shown in table 1, all
but S.V.^ were reduced to less than 1
TCIDj,, in less time than was required
for poliovirus, and S.V.12 was inacti-
vated in the same time period as polio-
virus. Therefore, if it was shown by
the safety test that the high titered
poliovirus had been inactivated by the
formaldehyde treatment then certainly
any trace amounts of a "simian virus"
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possibly present in the production pool
of polio virus would also have been in-
activated.

The data on attempts to grow these
viruses in the Maitland type culture, as
seen in table 1, indicated that all 8 vi-
ruses could be cultivated in this type
of culture when a large inoculum was
employed. In the trypshnzed cell cul-
tures where most of these agents have
been recovered the presence of the con-
taminating virus was generally not de-
tected until the cultures were at least
14 days old from the time of planting.
Since the Maitland cultures used in pro-
duction of poliovirus were never held
more than 10 days and were undergoing
degeneration by poliovirus during the
last 4 days of their incubation it seemed
unlikely that the trace amounts of
"simian viruses" carried into the cul-
tures with the kidney tissue (or blood)
could have multiplied to high titers.
A large number of production samples
has not been studied for S.V. contamina-
tion but of those that have been as-
sayed a few have been found to contain
S.V.2 only. Table 4 indicates that S.V.,
was recovered only 5 times in the 186
tests contaminated with these agents
and this again casts doubt on the possi-
bility of the "simian viruses" being in
the vaccine under test.

It should be mentioned that in addi-
tion to the problems presented by the
occurrence of these viruses in tissue-
culture safety tests, they can also be
a source of difficulty when the pH or
metabolic inhibition test is employed.
The metabolic inhibition test in tissue
culture demonstrates only decreased
metabolism of the cells without giving
the observer an indication of the cause
of inhibition On the other hand, when
these viruses have occurred in polio-
virus neutralization tests done in roller-

tube cultures, they were recognized by
their characteristic C.P.E.

It was felt that the experimental evi-
dence and conclusions presented here
left very little concern over the pos-
sible presence of live "simian viruses"
in the Salk type poliomyelitis vaccine
currently in production and being used
for immunization of children.

SUMMARY

Eight apparently new submicroscopic,
filterable, cytopathogenic agents recov-
ered in tissue cultures of rhesus and
eynomolgus monkey kidney tissue have
been described. No definite associations
have been made between any of these
agents and naturally occurring diseases
of monkeys or other animals. The sig-
nificance of these viruses in the polio-
myelitis vaccine program and the prob-
lems created by them during vaccine
safety testing in tissue culture have
been discussed.
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