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Viruses known to be carried by monkeys and
which may be encountered during the production
of vaccine made from monkey tissues include B
virus, miscellaneous simian viruses, " foamy agent ",
" measles "-like agent, haemadsorption viruses,
lymphocytic chorio-meningitis (LCM) virus and
arbor viruses.

These agents have been isolated either from intact
animals or from cell cultures prepared from them.
B virus, LCM, measles and the arbor viruses are
definite human pathogens. The status of the remain-
der is not known but is it probable that they are not
infectious for man or only slightly so.

In vaccine production these viruses will be of no
account unless they are transferred from animals to
the cell cultures used in vaccine manufacture and
safety testing. In producing live vaccines this transfer
must be eliminated, while in killed ones it should be
reduced to such an extent that any chance of them
occurring in the final produce is abolished. If cell
cultures used for safety testing are contaminated by
extraneous viruses their source of origin may some-
times be in doubt and give trouble in assessing the
safety of a product. They may also be a hazard for
personnel handling infected monkeys or tissue
cultures containing these agents.
As these agents spread from monkey to monkey

in a colony they can be controlled to a great extent
by general methods of hygiene such as quarantine,
isolation of single animals or very small groups of
animals in adequately spaced cages, and housing
each intake of monkeys in a separate suite in the
animal quarters.

B virus
This agent is transmitted from monkeys to man

by bite or close contact, but whether infection is via
abrasions or the alimentary or respiratory tract is

not known. It produces an ascending myelitis in
man which is generally fatal.a-c There have already
been more -than ten deaths from this agent amongst
laboratory personnel during the few years monkeys
have been widely used for vaccine production and
other virus work. In monkeys, the virus produces
lesions in the mouth 4-10 days after experimental
inoculation.A These persist for a week or so, during
which time virus can be isolated from them. The
lesions are often minimal and can be seen only by
close inspection. The disease is rarely fatal in
monkeys, but lesions can be produced in the central
nervous system and in the skin after a bite or
abrasion. Cortisone does not appear to produce
recrudescence of an old infection. This virus is of
importance as it is a danger to those handling infec-
ted animals and because it can be transmitted to cell
cultures. It appears to be inactivated to a large extent
during the trypsinization in cell culture preparation,
but is not completely eliminated by this procedure.
It is inactivated by 1/4000 formaldehyde at 37°C
within 48 hours,e even if present in high titres.
It does not appear to survive at 37°C in media for
more than a week or so. It is more stable at 22°C
and 4°C. The virus will be encountered more
frequently in monkey stocks where large numbers
are kept together in the same cage than in those in
which isolation is practised.
B virus is related culturally and serologically to

herpes simplex virus, but unlike herpes simplex
a Sabin, A. B. & Wright, A. M. (1934) J. exp. Med., 59,
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infection in man, it is improbable that B virus
persists in monkeys in an infectious form after the
initial lesions have healed. B virus antiserum is more
active against herpes virus in cross-neutralization
tests than herpes antiserum is against B virus. There
is no evidence that natural herpes antibody in man
will protect against B virus infection, although it is
advisable to employ animal attendants with antibody
to herpes simplex.
B virus will grow in kidney cell cultures from a

variety of animals. Some of these cultures, such as
those from rabbit and pig, are not susceptible to
poliomyelitis virus. The virus is highly lethal to the
rabbit and will infect suckling mice and the chorio-
allantoic membrane of chick embryos.

Simian viruses (SV)

This group consists of those viruses which have
been recognized since the introduction of monkey
tissue culture systems and which, unlike B virus and
the arbor viruses, were not previously known to be
carried by monkeys. These miscellaneous agents
have been isolated from the faeces, the blood and
the central nervous system of these animals. Their
relation to specific illnesses of monkeys and their
pathogenicity for man has not yet been determined.
It is unlikely that viraemia is of long duration, but
some agents persist in the faeces for many weeks.
On the cytopathic effect they produce in monkey
kidney cells, Hull and his colleagues e-g have divided
them into four groups. Group 1 viruses have been
isolated from faeces and tissue cultures, Group 2
mostly from stools, Group 3 mostly from cell
cultures and Group 4-a heterogeneous group
cytopathically-from various tissues and cell cultures
The occurrence of these viruses in cell cultures can

be reduced by isolation and quarantine so that
animals incubating the viruses are not used until
they have been cleared from the blood and by
careful removal of organs used for cell cultures in
order to avoid faecal contamination. These agents
have caused little trouble in poliomyelitis vaccine
production because they are all inactivated by 1/4000
formaldehyde as fast as or faster than poliovirus;
moreover, because many have a long incubation
period in cell cultures, they are not detected in
cultures at a time at which these are used for vaccine
production. However, if vaccines are produced in

f Hull, R. N., Minner, J. R. & Mascoli, C. C. (1958)
Amer. J. Hyg., 68, 31

g Hull, R. N. and Minner, J. R. (1957) Ann. N. Y. Acad.
Sci., 67, 413

which the time of virus inactivation is shorter than
that of poliomyelitis vaccine these simian agents
could become a problem.
They grow readily in monkey kidney cell cultures.

Some can be passed to human amnion and other
cultures if a large enough inoculum is used, and
some may infect suckling mice.

Foamy agent " or " lacy virus
There appears to be some confusion about this

agent. g-k In 10 %-75 % of monkey kidney cultures
kept for 2-4 weeks after initiation, large vacuolated
" foamy " cells may appear associated with smaller
round ones. These cells appear as small foci which
spread throughout the cell sheet, often destroying it
whithin a few days. Passage of the agent generally
produces this cytopathic effect after an increasingly
shorter incubation period with a gradual replacement
of the " foamy " cells by the smaller round ones.
This agent may be the same as one of Hull's Group 4
agents (SV 5) and it can be passed to other cell sys-
tems. i-i However, other types of vacuolated cells
may occur in cell cultures from time to time, but
passage of material from such cultures generally
fails to reveal any transmissible agent.
Most of the monkey species used for cell cultures

are carriers of " foamy agent ", but kidney cell
cultures from Macacus irus seem to show this agent
more frequently than other species and are un-
satisfactory for testing procedures where cultures have
to be maintained for more than 14 days from their
initiation.

It has been reported that monkeys which will
produce cultures containing this agent have anti-
body to it in their serum.k It is possible that a
complement-fixation test before using a monkey for
the preparation of cell cultures might reduce the
number of cultures having the agent. The patho-
genicity of the agent to man is unknown. Isolation
and quarantine appear to have no effect on the
frequency of this virus in cell cultures.

"Measles "-like agent
An agent which is related to measles virus, both

culturally and immunologically, has been isolated
from monkey kidney cell cultures on many occasions.
It has been named MINIA k (Monkey-Intra-Nuclear-

h Weller, T. H. (1957) Ann. N. Y. Acad. Sci., 67, 426
i Rustigian, R., Johnston, P. & Reihart, H. (1955) Proc.

Soc. exp. Biol. (N. Y.), 88, 8
J Brown, L. (1957) Amer. J. Hyg., 65, 189
k Ruckle, G. (1958) Arch. Virusforsch., 8, 139, 167
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Inclusion-Agent) and will grow in human kidney and
amnion cell cultures. The cytopathic effect it pro-
duces in monkey cell cultures may be confused with
foamy agent, but MINIA can be distinguished. from
the latter by the presence of nuclear inclusion bodies.
MINIA and human measles virus must be considered
at present to be identical. Quarantining and isola-
tion of monkeys will reduce the incidence of this
virus in monkey stocks. It will only be transmitted
to cell cultures from animals in the active stage of
infection. It grows readily in monkey and human
kidney and in human amnion cultures but not in
rabbit ones. This latter fact also differentiates it
from " foamy agent ".

Haemadsorption viruses (HA)
This new group of viruses 1 can be identified in

monkey kidney cell cultures by adding 0.4% washed
guinea-pig red cells and holding at 4°C for 20
minutes. On examining the cultures, red cells will
be seen to have adsorbed on to infected cells. In man
these viruses may cause mild upper respiratory
infection. The relation of the haemadsorption
viruses found in monkeys to those causing illness in
man is not yet clear, but at least one monkey virus
seems to be related serologically to one causing
human infection.m Up to 30% of monkey kidney
cell cultures may show these agents after incubation
for a week or longer. As their existence was unsus-
pected until recently, they have not been considered
in the routine poliomyelitis vaccine production and
safety testing. They may produce cytopathic effects
after prolonged incubation of cultures and so may
be related to some of the simian viruses classified by
Hull. The presence of serum is sometimes said to
mask the presence of these agents in cell cultures.

Lymphocytic chorio-meningitis
This virus 'n can infect man0 and monkeys by the

oral or parenteral routes. It is unlikely to be a

I Channock, A. M., Vargosko, A., Luckey, A., Cook,
M. K., Kapikian, A. Z. Reichelderfer, T. & Parrott, R. H.
(1959) J. Amer. med. Ass.. 169, 548

m Chany, C., Daniel, P., Robbe-Forsat, F. Vialette, J.,
Lepine, P. & Lelong, M. (1958) Ann. Inst. Pasteur, 95, 721

n Rivers, T. M., ed. (1959) Viral and rickettsial diseases
of man. 3rd ed., Philadelphia, Lippincott

0 Duncan, P. R., Thomas, A. E. & Tobin, J. O'H. (1951)
Lancet, 1, 956

problem in a well-ordered animal house, as the
infection originates in carrier mice and from them
spreads to man and animals. It is rapidly inactivated
by heat and formaldehyde but withstands drying.
It can only be detected in cell cultures by animal
inoculation, as in those systems in which it grows
it does not produce a cytopathic effect. After infec-
tion, virus can be isolated from the blood of man,
and, probably, from monkeys for 1-2 weeks. It
produces a characteristic syndrome after intra-
cerebral injection of mice and most strains will kill
guinea-pigs within two weeks or so.

Arbor viruses n, p

Monkeys are readily infected in the wild state by
these arthropod-borne agents and may have a
transitory viraemia. It is unlikely that monkeys
infected with these viruses will still be a danger when
used for vaccine production in temperate climates.
Haemagglutination-inhibition studies have shown
the presence of low levels of antibody to some of
these agents in monkeys used for vaccine production,
indicating old rather than recent infection. However,
it is possible that in areas where these agents are
prevalent they may be a danger and active precau-
tions against infection of monkey stocks may be
necessary. These viruses can readily be isolated in
suckling mice and may produce a cytopathic effect
in cell cultures. q, r, 8

*
* *

Recently two outbreaks of a pox disease involving
cynomolgus monkeys have been described.t The
virus incriminated appeared to be serologically
related to vaccinia virus, but is distinct from other
members of that pox group. The virus is probably
more sensitive than poliovirus to formaldehyde.

P Sabin, A. B. (1958) Neurology, 8, 878
q Bhatt, P. N. & Work, T. H. (1957) Proc. Soc. exp.

Biol. (N.Y.), 96, 213
r Dierks, F. H. & Hammon, W. M. (1958) Proc. Soc.

exp. Biol. (N. Y.), 97, 627
8 Lee, H. W., Hinz R. W. & Scherer, W. F. (1958) Proc.

Soc. exp. Biol. (N.Y.), 99, 579
t Magnus, P. von, Andersen, E. K., Petersen, K. B. &

Birch-Andersen, A. (1959) Acta path. microbiol. scand., 46,
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