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Poxviruses isolated from clinically ill and
asymptomatically infected monkeys and a chimpanzee
S. S. MARENNIKOVA,1 t. M. 9ELUHINA,2 N. N. MAL'CEVA,2 & I. D. LADNYJ3

Poxviruses were isolatedfrom the kidneys ofan outwardly healthy chimpanzee trapped
in an area of the Democratic Republic of the Congo where a case of monkeypox had
recently occurred in man, from the kidneys of clinically healthy cynomolgus monkeys in a
colony in the Netherlands, andfrom monkeys suffering from monkeypox during outbreaks
in colonies in the USA. It was established that two of the three viruses isolated from
animals asymptomatically infected-namely, strain Chimp-9 from the chimpanzee and
strain 64-7255 from the cynomolgus monkeys-although similar to one another differed
markedly from the classical Copenhagen strain of monkeypox virus. These two viruses
were characterized by the formation of small, monomorphic, well-defined pocks without
haemorrhages on infected chick embryo chorioallantoic membrane, by the small plaques
of the proliferative type that they produced in cell cultures, by the absence of reactions
when they were applied to scarified rabbit skin and the absence of marked necrosis when
they were inoculated intradermally into rabbits, by their intensive replication in pig embryo
kidney cell cultures, and by a number of other features. It is therefore possible to describe
both the viruses as being very close to the variola virus. The Chimp-9 and 64-7255 strains
differed from the variola virus only in their greater pathogenicity for white mice after
intracerebral inoculation. The other virus isolated from a symptomless cynomolgus mon-
key-strain 64-9411-resembled the two viruses isolated from monkeys suffering from
monkeypox and did not differ from the Copenhagen strain.

A comparative study was made of strains of pox-
viruses isolated from monkeys with clinical illness
and those with asymptomatic infections. It has
been demonstrated that strains isolated from mon-
keys suffering from monkeypox during various
outbreaks differ little from one another or from the
classical Copenhagen strain of monkeypox. How-
ever, viruses isolated in 1964-65 from the kidneys
of outwardly healthy cynomolgus monkeys kept in a
colony at Utrecht, the Netherlands, were found to
be non-uniform; one of the viruses isolated was
similar to the classical monkeypox virus while the
other was very similar to variola virus. A virus
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isolated in February 1971 from the kidney of a
chimpanzee trapped in the Democratic Republic of
the Congo,4 in an area where a human case of mon-
keypox had recently occurred, proved to be similar
to variola virus. The discovery that a monkeypox
virus could cause a smallpox-like infection in man
has been reported by Foster et al. (1971), Ladnyj,
Ziegler, & Kima (1971), and Marennikova et al.
(1971).
The poxviruses were isolated from three different

sources: (1) the kidneys of an outwardly healthy
chimpanzee trapped in the Democratic Republic of
the Congo in an area where a human case of monkey-
pox had occurred (Ladnyj, Ziegler, & Kima, 1971);
(2) from the kidneys of clinically healthy cynomolgus
monkeys kept in a colony at the National Institute
of Health, Utrecht (Gipsen, Verlinde, &Zwart, 1967);
and (3) from monkeys suffering from monkeypox

' Renamed the Republic of Zaire on 27 October 1971.

2837 - 613-
4



S. S. MARENNIKOVA AND OTHERS

during outbreaks of that disease in monkey houses
in the USA.

MATERIALS AND METHODS

Materials
The virus isolated from the wild chimpanzee was

designated " Chimp-9 strain ". This strain was iso-
lated in chick embryos (second passage) in the
Smallpox Prophylaxis Laboratory of the Institute
for Research on Virus Preparations, Moscow, in
February 1971; the organs of the animal were sent
from the Democratic Republic of the Congo in the
frozen state in a container of liquid nitrogen. The
Chimp-9 strain was studied in 2-4 passages in chick
embryos.
The 64-7255 and 64-9411 strains were isolated in

1964-65 from the kidneys of clinically healthy cyno-
molgus monkeys imported from Malaysia and kept
in the colony of the National Institute of Health,
Utrecht. Cases of variola-like disease were not
recorded among the animals in the colony during
that period (Gispen & Kapsenberg, 1966; Gispen,
Verlinde, & Zwart, 1967). The Prier and Sen-19
strains were isolated from sick monkeys in 1959
and 1966, respectively, during outbreaks of monkey-
pox in captive monkeys (Prier et al., 1960; Espana,
C., personal communication, 1969).

Strains 64-7255, 64-9411, Sen-19, and Prier were
received in the form of dried cultures. The dried
strains were passaged 1-3 times on chick embryo
chorioallantoic membranes (CAM) and used in the
form of suspensions of infected CAM. The refer-
ence strain of monkeypox virus (Copenhagen strain)
and variola virus strain MT-60 were used for com-
parison in the form of suspensions of CAM follow-
ing 4-5 passages in chick embryos.

Methods
Chick embryos were infected by the usual method

(World Health Organization, 1969). They were
incubated after infection for 72 hours at 35°C;
in special tests, an incubation temperature of 39.6°C
was used. The rate of accumulation of the virus in
chick embryo liver was determined following incuba-
tion at a temperature of 36°C (Helbert, 1957).
The haemagglutinating activity of the virus was

tested with a 1% suspension of chick red cells.
A dose of 106 pock-forming units was used to study
the pathogenicity for rabbits following infection by
intradermal inoculation and scarification. In deter-

mining the pathogenicity for white mice (weighing
10-11 g) following intracerebral infection, doses of
101_106 pfu/0.03 ml were used.
In experiments with cell cultures, two primary

cultures (chick fibroblasts and monkey kidney cells)
and four continuous cultures (Vero, A-1, pig
embryo kidney (PEK), and HEP-2 were used to
determine sensitivity of the test virus, the nature of
the cytopathic effect, haemadsorption activity, and
the morphology of plaques (with or without agar
overlay). The results were read daily, and a final
evaluation was made of the nature of the plaque
after 5 days and of the cytopathic effect and haem-
adsorption after 7 days.

RESULTS

For serological identification of the Chimp-9
strain, a second-passage CAM culture was examined
by the agar gel precipitation test with antivaccinia
serum. The results of the test confirmed that the
strain belonged to the poxvirus group, but the nature
of the junction of the precipitation bands was similar
to that found with the viruses of vaccinia, variola,
and monkeypox. It should be noted that poxvirus
antibodies (virus-neutralizing antibodies, precipitins,
and antihaemagglutinins) were present in the serum
of the chimpanzee from whose kidneys this virus
was isolated. The antihaemagglutinin titre with
vaccinia virus was 1: 1 280.
The data obtained from the study of Chimp-9

strain, the strains isolated from healthy cynomolgus
moneys (64-9411 and 64-7255), and the viruses
obtained from sick monkeys (Sen-19 and Prier) are
given in Table 1, and the lesions produced on CAM
are shown in Fig. 1.
The Sen-19 and Prier strains, and the 64-9411 strain

isolated from healthy monkeys, formed small white
pocks with haemorrhages in the centre on CAM.
These pocks were identical with those caused by the
Copenhagen strain. In these strains there was a
lack of uniformity in the virus population with
regard to pock morphology. In addition to the small
pocks containing haemorrhages, a small number of
larger white pocks without haemorrhages were seen
(Fig. IA, IB). The two other strains isolated from
the kidneys of healthy animals caused lesions of a
different kind on CAM. The 64-7255 strain caused
the formation of denser, monomorphic, small white
pocks rising above the surface of the membranes;
no haemorrhages developed, and the lesions were
not distinguishable from those caused by variola
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Fig. 1. Poxvirus lesions on chick embryo chorioallantoic membrane.
A: Sen-1 9 strain; B; Prier strain; C: Chimp-9 strain.



Fig. 2. Poxvirus plaques in VERO cell cultures without agar overlay.
A: Prier strain; B: Chimp-9 strain.
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virus. Similar lesions developed also from the
Chimp-9 strain, but in this case the pocks appeared
flatter (Fig. 1C). Also, in places where pocks had
become confluent a pinkish bloom occurred that
could easily be removed by running the edge of a
pair of forceps along the area concerned. In the
third and fourth passages the lesions were indis-
tinguishable from those of variola.

Differences between the test strains were found
in respect of other properties also. Thus, when rab-
bits were infected by scarification with Sen-19, Prier,
and 64-9411 strains, confluent eruptions were formed
on the infected portion of skin with negligible or
moderate infiltration of the underlying tissues. A simi-
lar pattern occurred in rabbits infected in the same
way with the Copenhagen strain. In contrast, appli-
cation of viruses 64-7255 and Chimp-9 to scarified
rabbit skin did not produce a visible reaction in any
of the five animals infected. The behaviour of the
64-7255 and Chimp-9 strains in this case was similar
to that of the variola virus.

Following intradermal administration to rabbits
of Sen-19, Prier, and 64-9411 viruses, solid, slightly
haemorrhagic areas of infiltration appeared after
3-4 days measuring 15-20 mm with marked necrosis
in the centre typical for the monkeypox virus
infection. Strain 64-7255 caused the formation
of a small area of infiltration, pink in colour,
reminiscent of that occurring when variola virus
is administered. Chimp-9 strain produced a reaction
similar to that produced by the 64-7255 strain in
most of the infected rabbits (4/6) following intrader-
mal inoculation. In the other animals a depressed
area 3 mm in diameter could be seen in the centre
of a small (10-14 mm) pink diffuse area of infiltration.

All the test strains when assayed in VERO-1, A-1,
HEP-2, chick embryo fibroblast, and monkey kidney
cell cultures showed a marked cytopathic effect and
haemadsorption. In a PEK culture the viruses
behaved differently; the Sen-19, Prier, and 64-9411
strains (like the Copenhagen strain itself) caused a
cytopathic effect only after infection with a large dose
(0.4-4 pock-forming units per cell) and there was
no haemadsorption. The other two strains, Chimp-9
and 64-7255, behaved in this culture like the variola
virus, causing a cytopathic effect and haemadsorp-
tion only following multiple infections with 0.4-
4.0 pfu/cell. Simultaneous titration of a Chimp-9
virus culture in PEK, chick embryo fibroblast, and
monkey kidney cells showed that the virus titres in
those cultures did not differ substantially, being
106-7, 106-8, and 107.0 TCD5O, respectively.

The Chimp-9 and 64-7255 strains proved to be
different in the kind of plaque they formed in chick
embryo fibroblast and VERO cell cultures. Unlike
the Sen-19, Prier, and 64-9411 strains, which in chick
embryo fibroblast culture under agar overlay formed
so-called " reticular " plaques with a diameter ran-
ging from 0.5 to 1.0 mm, the Chimp-9 and 64-7255
strains formed smaller " transparent " plaques with
even edges and a diameter ranging from 0.2 to
0.4 mm.

In VERO cells, when the cell layer was stained
with a 1 % solution of neutral red, the Sen-19, Prier,
and 64-9411 strains formed large (1-1.5 mm dia-
meter) plaques with transparent centres and two
outer zones: an inner reticular zone with an uneven
edge and an outer zone in the form of an even,
brightly stained band (Fig. 2A). Strains Chimp-9
and 64-7255 produced very small (0.1 mm) irregular,
sharply delineated plaques of the proliferative type,
standing out against the background of the mono-
layer on account of their more intensive staining
(Fig. 2B).

Sen-19, Prier, and 64-9411 strains showed marked
haemagglutinating activity (1: 160), similar to that
of the Copenhagen strain. Both the Chimp-9 and
64-7255 strains differed considerably from the rest
in this respect, and agglutinated chick red cells in
a titre not exceeding 1: 40. None of the strains
tested formed pocks on CAM at an incubation tem-
perature of 39.6°C.
A determination of the rate of virus replication

in chick embryo livers showed that strains 64-7255
and Chimp-9 accumulated there in quantities similar
to those of variola virus under the same circum-
stances (1.5 x 108, 2.9 x 108, and 2.6x 108 pock-form-
ing units/g, respectively), whereas monkeypox virus
multiplied at a higher rate (1.4-1.7 x 109 pock-
forming units/g). Strains Sen 19, Prier, 64-9411 and
were more pathogenic for adult white mice infected
intracerebrally than strains Chimp-9 and 64-7255
(LD5O 102.3_102 5 and 104.6_105-2/0.03 ml, respect-
ively). These two latter viruses were in turn more
pathogenic than the variola virus.
The antigenic structure of the test strains as

revealed in the agar gel precipitation test with anti-
vaccinia and antivariola sera was identical.

DISCUSSION

The data presented in this paper indicate that
various poxviruses may be isolated from monkeys

618



POXVIRUSES ISOLATED FROM INFECTED AFRICAN MONKEYS AND A CHIMPANZEE

and apes. In addition to the strains indistinguishable
from the classical monkeypox virus first described
by Magnus et al. (1959), strains may be isolated
whose properties are closer to those of variola virus
than to strains of monkeypox virus. In fact, a com-
parison of these latter viruses with the variola virus,
except for revealing a greater pathogenicity for
white mice, has so far provided no reliable criteria
for differentiating them.

It is interesting that until now strains resembling
variola virus have been isolated only from ap-
parently healthy monkeys and apes. This includes
the 64-7275 strain, which was isolated by Gispen
from healthy monkey kidney tissue in the Utrecht
laboratory (Marennikova, Gurvic, & geluhina, 1971).
In all cases, these viruses were isolated from the
kidneys; when the Chimp-9 strain was isolated, the
liver and spleen were also examined but gave
negative results.

Localization of the virus in the kidneys is appar-
ently not accidental. Investigations carried out
recently (Seluhina et al., 1971) showed that variola
virus could be isolated in some cases from the urine
of persons convalescing from smallpox when the
crusts had disappeared and the temperature had
returned to normal. Incidentally, it should be pointed
out that the persistence of the virus in the kidneys
occurs against a background of high titres of pox-
virus antibodies, as in the chimpanzee from which
Chimp-9 strain was isolated.
On the basis of the available material it may be

stated that variola-like viruses do occur both in
monkeys and in anthropoid apes. As for the area

of distribution of these viruses, all that can be said
with any certainty at present is that variola-like
viruses are carried by African monkeys and apes.
The possibility that the chimpanzee from which
the Chimp-9 virus was isolated had been infected
during transport could be excluded since the animal
was killed in the field. It is more difficult to be cer-
tain about the Malaysian cynomolgus monkeys, since
there is a possibility that they became infected from
other monkeys during transit. It is also interesting
that in addition to the variola-like virus, a monkey-
pox virus that does not differ from the classical
Copenhagen strain can be isolated from the kidneys
of healthy monkeys. The observations of Milhaud,
Klein, & Virat (1969) have shown in particular that
chimpanzees may suffer from a poxvirus infection
apparently caused by the monkeypox virus.
The discovery in monkeys and apes of variola-like

viruses has raised a range of as yet unanswerable
questions. Are these viruses the result of natural
variation in the monkeypox virus, perhaps during
the disease process, or is this a case of carriage of
variola virus by monkeys and apes? Or again, is this
an independent agent in the form of a virus of the
poxvirus group similar to variola virus ? So far an
answer can be given to one question only. The
variola-like virus, as recently shown by Gispen (1971),
is not a clone separated from a heterogeneous mon-
keypox virus population, since it has the same proper-
ties as the parent strain. In view of the fact that these
questions are important for smallpox eradication
programmes, further research on the biology and
ecology of variola-like viruses is required.
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RESUME

POXVIRUS ISOLES CHEZ DES SINGES, PRESENTANT DES SIGNES CLINIQUES DE MALADIE
OU ATTEINTS D'UNE INFECTION ASYMPTOMATIQUE, ET CHEZ UN CHIMPANZE

On a etudie comparativement des souches de poxvirus
isolees: a) a partir des reins d'un chimpanz6 apparem-
ment sain capture dans une region du Zaire oit l'on a

signal6 rdcemment un cas humain de monkeypox;
b) a partir des reins de singes Cynomolgus, cliniquement
en bonne sante, d'un elevage des Pays-Bas; c) chez

5

619



620 S. S. MARENNIKOVA AND OTHERS

des singes atteints de monkeypox lors d'epizooties
survenues dans des colonies d'6levage aux Etats-Unis
d'Amerique.
Deux des trois souches virales isolees chez des animaux

atteints d'une infection asymptomatique (souche Chimp-9
chez le chimpanze, souche 64-7255 chez les singes Cyno-
molgus) presentaient des caracteristiques similaires. Par
contre, toutes deux differaient notablement de la souche
Copenhague, souche de reference de virus monkeypox.
Elles se signalaient notamment par la formation sur la
membrane chorio-allantoIde de l'embryon de poulet de
pustules de petite taille, de meme forme, bien dMlimi-
tees, sans hemorragies; par la production en cultures
cellulaires de petites plages de type proliferatif; par
l'absence de reaction locale, en cas d'application sur la

peau scarifi6e, et de necrose nette, apres injection intra-
dermique, chez le lapin; par une r6plication intense en
culture de tissu r6nal de porc. Ces caracteristiques
amenent a consid6rer ces deux virus comme tres voisins
du virus variolique. Ils n'en differaient que par leur pou-
voir pathogene plus eleve pour la souris blanche apr&s
inoculation intracer6brale.

L'autre souche virale (souche 64-9411) isolee chez un
singe Cynomolgus atteint d'une infection asymptoma-
tique et les deux souches isol6es des singes atteints de
monkeypox ne diff6raient en rien de la souche Copen-
hague de ref6rence.

Ces observations posent le probleme de l'origine et de
la signification des poxvirus tres voisins du virus vario-
lique decouverts chez des singes.
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