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INTRODUCTION

Human monkeypox was first recognized in
1970; it is a severe systemic disease with a
generalized pustular rash, clinically indistin-
guishable from smallpox. In addition to va-
riola and monkeypox vituses, 7 other species
of poxvirus, of 4 genera, can cause lesions in
man (Table 29.1). Although infection with
each of these viruses produces at the most
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mild symptoms and usually only a localized
skin lesion, the diseases in question presented
a potential diagnostic problem during the
global eradication of smallpox, since virus
particles found in lesions by electron micro-
scopic examination could be confused with
those of variola virus. Because of its import-
ance, monkeypox is the main subject of this
chapter, but a brief description is given of
each of the other poxvirus infections of man.
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Table 29.1. Poxvirus infections of man

SMALLPOX AND ITS ERADICATION

Skin lesions Severlty of Host range In Known reservoir hosts
Genus and infection systemic
In man laboratory animals in nature
symptoms

Orthopoxvirus

Variola Generalized +++ Narrow Man

Monkeypox Generalized +++ Broad Squirrels, monkeys

Cowpox Localized + Broad Rodents

Vaccinia Localized (very rarely, + Broad Buffaloes?

generalized)

Parapoxvirus

Pseudocowpox Localized - Narrow Cattle

Bovine papular stomatitis Localized - Narrow Cattle

Contagious pustular dermatitis Localized - Narrow Sheep
Unclassifled

Molluscum contagiosum Generalized - Narrow Man

Tanapox Localized + Narrow Monkeys

21n 1984-1986, several years after the cessation of vaccination, epizootics of buffalopox were reported In several parts of India, and
humans were Infected. The virus involved was shown to be vaccinia virus (K. R. Dumbell, personal communication, 1986).

MONKEYPOX IN CAPTIVE
PRIMATES

Monkeypox virus was discovered in 1958,
when it was isolated from the lesions of a
generalized vesiculo-pustular disease among
captive monkeys at the State Serum Institute,
Copenhagen (Magnus et al, 1959). It was
apparent that if an animal reservoir of variola
virus existed the eradication of smallpox
would be impossible (see Chapter 10). The
close resemblance between smallpox and
monkeypox in captive primates focused at-
tention on monkeypox virus as a potential

threat to smallpox eradication (Arita & Hen-

derson, 1968). WHO therefore contacted
laboratories in Europe and North America
which used monkeys (27 in 1968 and 51 in
1970; Arita et al., 1972), inquiring about the
occurrence of monkeypox and asking specifi-
cally whether any infections had occurred
among laboratory workers or animal handlers.
The ensuing investigations revealed 4 other
reported outbreaks and 4 hitherto unreported
outbreaks in primates (Table 29.2), but there
were no reports of infection in humans.
Monkeypox virus was recovered in 6 of these
episodes. All except episode 3 occurred in
Asian monkeys, although in some outbreaks
African primates (and, in episode 2, New
World monkeys) were also infected.

The circumstances of these outbreaks have
been summarized by Arita et al. (1972). One
episode described in their paper, but omitted
from Table 29.2, calls for special comment—
namely, the observation made by Gispen &
Kapsenberg (1966) of the National Institute
of Public Health in Bilthoven, Netherlands,

that monkeypox virus had been recovered
from normal cynomolgus kidney cell cultures.
Subsequent examination of the laboratory
tecords led Dr J. G. Kapsenberg (personal
communications, 1980, 1983) to decide that
this isolation was probably due to inadvertent
laboratory contamination of the culture with
monkeypox virus, which had been isolated in
the same laboratory at about this time from
animals infected in the Blijdorp Zoo outbreak
(episode 2).

Seven of the 9 outbreaks of monkeypox in
captive monkey colonies between 1958 and
1968 occurred in monkeys shipped from Asia,
leading to the suspicion that the reservoir of
monkeypox virus was probably located in that
continent. However, collaborative serological
surveys organized by WHO failed to detect
orthopoxvirus antibodies in over 1000 mon-
key sera collected in India, Indonesia, Japan
and Malaysia (Arita et al, 1972). After the
discovery of human monkeypox in Africa in
1970 (see later in this chapter), sera were
collected from monkeys and other animals in
Zaire and several countries of western Africa.
Monkeypox-virus-specific antibodies were
demonstrated in sera from 8 species of mon-
key and 2 species of squirrel, and monkeypox
virus was recovered from the organs of a
squirrel (see below).

Although primates from Asia, Africa and
South America (and an anteater from the last-
mentioned area) experienced infections with
monkeypox virus in captivity, there is no
evidence that the virus occurs naturally
anywhere except in Africa. During the period
1958-1968 large numbers of primates were
being imported into Europe and North
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Table 29.2. Outbreaks of monkeypox in captive primates?

Country Episode and reference | Virus b Date Species affected Origin Int.erva.l after

solation arrival

Denmark 1(a). Magnus et al. + 30 June 1958 Cynomolgus From Singapore 62 days
(1959) by alr

1(b). K.L. Fennestad + 7 November 1958  Cynomolgus 51 days

(personal

communication,

1980)

Netherlands 2. Peters (1966) + 21 December 1964 Index case: giant anteater;  To zoo from 12 days
later orang-utan, gorilla, dealer; later
chimpanzee, gibbon, animals Infected
squirrel monkey, by contact in
cercopithecus, marmoset Blijdorp Zoo,
Rotterdam

France 3. Milhaud et al. + 29 November 1968 Chimpanzee Sierra Leone 11 days
(1969)

USA 4. Prier et al. (1960) +  February 1959 Cynomolgus; later rhesus Malaysia “Newly
J.E. Prier (personal arrived”
communication,

1970)

5. McConnell et al. + 1962 Cynomolgus; serologlcal ! 9 months

(1962) positives In rhesus and
African green monkeys

6. C. Espafia (personal +  December 1966-  Indlan and Malaysian langurs, India, Malaysia 2 years
communication, March 1967 rhesus, cynomolgus and
1967) pigtalled macaques

7. A.H. Bruschner November 1965 Cynomolgus Malaysia and ?
(personal Philippines
communication,

1967)

8. M.Z. Brierly .. 1966 Rhesus India “Recently
(personal arrived”
communication,

1967)

9. J.H. Vickers Before 1966 Rhesus India !
(personal
communication,

1967)

3 Based on Arita et al. (1972).
. .= data not recorded.

America from Asia, and smaller numbers
from western Africa, mainly for the manufac-
ture and safety testing of poliomyelitis vac-
cines. At that time the conditions under
which monkeys were moved from their place
of capture in Asia or Africa to the recipient
laboratory in Europe or North America
presented many opportunities for them to be
infected with agents carried by other wild
animals or by man while in transit (Kalter &
Heberling, 1971). The cessation of outbreaks
after 1968 can be ascribed to improved
conditions in the shipment of primates at
about that time and the much more extensive
use by laboratories of monkeys bred in
captivity in Europe and North America.
The clinical features of naturally occurring
cases in cynomolgus monkeys have been
desctibed by Magnus et al. (1959) and Sauer et
al. (1960). No signs are detected until the rash

appears, usually as a single crop of discrete
papules over the trunk and tail and on the face
and limbs, being particularly abundant on the
palms of the hands and the soles of the feet
(Plate 29.1). The papules become vesicular
and then pustular and are often umbilicated.
Scabs develop and fall off 7-10 days after the
onset of rash, leaving small scars. Circular
discrete ulcers about 2 mm in diameter often
occur in the oropharynx.

The severity of symptoms varied among
the several different primate species infected
in the outbreak of the Blijdorp Zoo in
Rotterdam (episode 2, Table 29.2). All the
species suffered from a generalized disease
characterized by pocks on the skin, lips and
mucous membranes. Orang-utans were par-
ticularly susceptible, several dying in the
acute viraemic stage, before the skin lesions
were fully developed.



1290 SMALLPOX AND ITS ERADICATION

Plate 29.1. Generalized lesions of monkeypox in a cynomolgus monkey. A: Acute stage; pustules on the leg
and sole of the foot. B: Convalescent stage; healing pustules and scars. (From Magnus et al., 1959.)

THE PROPERTIES OF MONKEYPOX
VIRUS

In Chapter 2 the biological characteristics
of monkeypox virus have been enumerated
together with those of other orthopoxviruses
(Table 2.3), and the restriction endonuclease
map of monkeypox virus DNA has been
compared with the corresponding maps of
DNAs of other species of Orthopoxviras (Fig.
2.6, 2.7 and 2.9).

Pathogenicity for Laboratory Animals

Monkeypox virus has a broad host range
and infects most of the common laboratory
animals, producing moderate-sized haemot-
rhagic pocks on the chorioallantoic mem-
brane and a large indurated swelling with a
haemorrhagic centre after intradermal inocu-
lation into rabbits (see Chapter 2, Plates 2.5
and 2.6). It produces lytic plaques in most
kinds of cultured cells, but unlike variola

virus, it does not grow in pig embryo kidney
cells when first cultured in them, although
adaptation occuts quickly.

Comparison of DNA Maps of Strains of
Monkeypox Virus

Esposito & Knight (1985) analysed the
DNA of 12 strains of monkeypox virus, 4
recovered from outbreaks in laboratory pri-
mates in Europe and North America and 8
from human cases in 4 countries in central
and western Africa. The physical map loca-
tions of the sites of cleavage by the restriction
endonuclease HindIII for the DNA of these
strains of monkeypox virus, and the DNA of 2
strains each of variola and vaccinia viruses, are
compared in Fig. 29.1,

As has been shown in the other compari-
sons described in Chapter 2, the DNAs of all
strains of monkeypox virus are clearly differ-
ent from those of both variola and vaccinia
viruses. However, the monkeypox virus

BY COURTESY OF K.L. FENNESTAD
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The Nomenclature of Poxvirus Diseases

For centuries it has been traditional to name poxvirus diseases after the animals in which
they were first observed—for example, cowpox, horsepox, sheep-pox and fowlpox. The
practice has continued in more recent times with the use of the terms monkeypox,
tabbitpox, buffalopox, elephantpox virus to designate the viral agents recovered from
infections of the animals concerned. Some of these designations are misleading. Thus it
now appears that “cowpox” virus is primarily a disease of rodents, which has a wide host
range and occasionally infects cows, cats, zoo animals and man. Rabbitpox and buffalopox
are caused by strains of vaccinia virus, propagated in series in rabbits and buffaloes
respectively. And although African monkeys are infected in nature with monkeypox virus,
and may indeed be an important source of infection of humans, they are probably sentinel
animals, only occasionally infected with this virus, rather than its principal reservoir host.

—

_J

Mpox Zaire 72

Mpox Zaire 79

Mpox Zaire 77

Mpox Congo 70
Mpox Liberia 70
Mpox Sierra Leone 70
Mpox Copenhagen 59
Mpox McConnell 61
Mpox Washington 61
Mpox Utrecht 65
Mpox Paris 68

Mpox Nigeria 7|
Mpox Nigeria 78
Vaccinia Venezuela
Vaccinia Lister

Variola minor Butler
Variola major Harvey

T T T T

5 4 3 2 | 0
Index of dissimilarity
Fig. 29.1. Dendrogram illustrating the similarities and differences between the Hindlll cleavage sites of the

DNAs of 12 strains of monkeypox (Mpox) virus (McConnell and Washington are different passages of the same
strain), 2 strains of vaccinia virus and 2 strains of variola virus. Presence, absence or impossibility of cleavage
sites were analysed as described by Gibbs & Fenner (1984) using the squared Euclidean metric (number of

attributes = 36). (Data from Esposito & Knight, 1985.)

DN As cluster into 2 groups, according to the
geographical origins of the specimens, rather
than the animal of origin (man or monkey) or
the year of isolation. The upper group of 4 in
Fig. 29.1 are strains from human cases occut-
ting in Zaire. The lower group consist of
human isolates from 3 countries in western
Africa—Nigeria, Liberia and Sierra Leone—
and isolates from outbreaks in captive mon-
keys between 1959 and 1969. It is probable
that all the outbreaks in captive monkeys (see
Table 29.2) originated from western Africa

rather than Zaire, since exports of monkeys
from Africa in the late 1950s and during the
1960s were from western African countries.

Genetic Studies

Like other orthopoxviruses that produce
haemorrhagic pocks on the chorioallantoic
membrane, monkeypox virus produces white
pock mutants. These were first observed by
Bedson (1964) and first reported by Gispen &
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Brand-Saathof (1972). They were shown
closely to resemble the parental monkeypox
virus in tests for species-specific antigen
(Gispen et al.,, 1976) and intracellular poly-
peptide patterns (Harper et al, 1979).

Subsequently it was reported that variants
called “whitepox” viruses, which resembled
variola virus by all biological tests, could
be recovered from certain laboratory stocks
of monkeypox virus, either by passage in
hamsters (Marennikova & Shelukhina, 1978)
or by inoculation on the chorioallantoic
membrane (Marennikova et al. 1979). This
initially raised important questions about a
possible animal reservoir of variola virus, but
these were subsequently discounted. By about
1982 accumulating evidence had convinced
most laboratory workers that the “whitepox”
viruses were in fact strains of variola virus
inadvertently introduced as laboratory con-
" taminants (see Chapter 30).

Species Diagnosis

The biological characteristics used to iden-
tify monkeypox virus and, in material derived
from human cases, to distinguish it from
variola virus, are the haemorrhagic pock and
high ceiling temperature on the chorioallan-
toic membrane, the production of a large
haemorrhagic lesion after intradermal inocu-
lation in rabbits, its wide host range and its
failure to grow in pig embryo kidney cells
when first inoculated into these cells. The
DNA map is characteristic of the species, but
can be used to distinguish western African
from Zairian strains.

Serological Diagnosis of Past Monkeypox
Infection

An understanding of the ecology of mon-
keypox virus depends either on the isolation
of virus from animals captured in the field or
on serological surveys for monkeypox-virus-
specific antibodies. The isolation of virus
from animals captured in the field is likely to
be a rare event in orthopoxvirus infections, in
which persistent infection does not occur, and
in fact only one such isolation has been made
(see below).

During the 1970s methods had been de-
veloped that enabled species-specific diag-
noses of recent infection with monkeypox,
vaccinia and variola viruses to be made with

hyperimmune or other highly potent sera, by
adsorption with appropriate viral suspensions
and tests for residual antibody by gel precipi-
tation (Gispen & Brand-Saathof, 1974),
immunofluorescence (Gispen et al,, 1976),
radioimmunoassay (Hutchinson et al., 1977),
and enzyme-linked immunosorbent assay
(ELISA) (Marennikova et al, 1981) (see
Chapter 3). For these tests, rather large
quantities of high-titre serum were required,
and for the radioimmunoassay adsorption test
employed by the WHO collaborating centre
in the Centers for Disease Control in Atlanta,
GA, USA, antibodies to the gammaglobulin
of the relevant species were thought to be
necessary, which were available for monkeys
but not for other species of wild animals.

However, as a result of experience with sera
from persons known to have human monkey-
pox, some of whom had been vaccinated years
earlier, Dr ]. H. Nakano (personal communi-
cation, 1984) developed criteria that allowed a
positive or presumptive diagnosis of monkey-
pox to be made in most suspected cases
involving human sera. In mid-1985, Dr
Nakano and Mrs Donna Miller (personal
communication, 1986) developed a method of
carrying out radioimmunoassay adsorption
tests with sera from squirrels and some other
species of wild animals, using staphylococcus
A protein instead of a species-specific anti-
gammaglobulin. This made it possible to test
many animal sera from the field and has
helped to elucidate the ecology of monkeypox
virus.

HUMAN MONKEYPOX

Discovery of Human Infections

The first case of human monkeypox was
found in the Basankusu Hospital, Equateur
Province, Zaire (Ladnyj et al, 1972). The
Basankusu Zone covers an area of about
20 000 square kilometres and in 1970 had an
estimated population of 62000, mostly
primitive farmers and hunter-gatherers liv-
ing in small villages in dense tropical rain
forest. The last known outbreak of smallpox
in Basankusu Zone occurred in 1968 and
comprised 70 cases with 18 deaths. Several
suspected cases of smallpox were treated at the
hospital in 1969, but none was confirmed.
Two suspected cases were reported in 1970;
one of these turned out to be chickenpox, and
the other was the first case of human monkey-
pox to be detected. The patient, a 9-month-
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old boy, became ill with fever on 22 August
1970 and a rash developed 2 days later. He was
admitted to hospital on 1 September, the 9th
day of the rash, which had the characteristic
centrifugal distribution of smallpox. Crusts
were collected for laboratory examination and
sent through WHO in Geneva to the WHO
collaborating centre in the Moscow Research
Institute for Viral Preparations, USSR. The
patient recovered and was about to be dis-
charged, but on 23 October he developed
measles (acquired while in hospital) and died
6 days later.

During 1970 the WHO collaborating cen-
tre in Moscow had received a number of
specimens from various provinces of Zaire
(but not from Equateur Province) from
which variola virus had been recovered. The
virus from Basankusu Hospital produced
pocks on the chorioallantoic membrane that
were quite different from those of variola
virus. More detailed studies of this isolate,
including inoculation in rabbit skin, showed
that it was monkeypox virus (Marennikova et
al., 1972a). Investigations of the epidemiologi-
cal circumstances of the patient by Ladnyi

and Dr P. Ziegler in 1971 revealed that the
child was the only unvaccinated member of
his family, and that there had been no other
cases of fever with rash recently in the village
concerned or in neighbouring villages. Such
an isolated case was most unlikely to be
smallpox.

The discovery of human monkeypox in
central Africa in September 1970 was fol-
lowed by the demonstration that 4 cases of
suspected smallpox in Liberia and 1 case in
Sierra Leone in 1970, and 1 each in Nigeria
and Cote d’Ivoire in 1971 (Foster et al., 1972)
were cases of human monkeypox (Lourie et
al,, 1972). A series of coordinated laboratory
and field studies was organized to determine
the incidence of the discase, to study its
clinical features and epidemiology and to
search for the animal reservoir or reservoirs of
the virus.

Organization of Laboratory Research

In order to obtain guidance on what
further research might be undertaken on the

Plate 29.2. Meeting of the Informal Consultation on Monkeypox and Related Viruses, Geneva, February 1976.
Left to right, front row: T. Kitamura (Japan) C.l. Sands (WHO), C. Algan (WHO), F. Fenner (Australia), |. Arita
(WHO), J.H. Nakano (USA); middle row: ].G. Breman (USA), R. Netter (France), E.A. Smith (Nigeria), S.S. Kalter
(USA), 1.D. Ladnyi (USSR), H.S.Bedson (UK), S.S. Marennikova (USSR}, A.N. Slepushkin (WHQO); back row:
M.V. Szczeniowski (WHO), E.S. Johnson (Sierra Leone), B. Guyer (USA), N. French (USA), |. Tagaya (Japan),
W.K. Joklik (USA), D.A. Henderson (WHO), K.R. Dumbell (UK), V.N. Milushin (USSR), A.C. Hekker
(Netherlands).
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Recognition of Human Monkeypox in Central and Western Africa

Virologists interested in the poxviruses had known since 1959 that monkeypox virus
could cause a generalized disease resembling smallpox in cynomolgus monkeys, and in the
1960s similar cases were recognized among other species of monkeys and in anthropoid
apes. Although animal handlers had been exposed to risk during the several outbreaks
among laboratory and zoo primates during the 1960s, there was at this time no indication
that monkeypox virus would infect humans.

At the first meeting of the WHO Informal Group on Monkeypox and Related Viruses,
in Moscow in March 1969, the experts agreed that the first indication that virus recovered
from a skin lesion might be monkeypox virus would be the haemorrhagic appearance of
the pocks produced on the chorioallantoic membrane after 3 days’ incubation at 35 °C.

On 23 September 1970 Dr S. S. Marennikova, Dr E. M. Shelukhina and Dr N. N.
Maltseva, of the WHO collaborating centre in Moscow, recovered a virus on the
chorioallantoic membrane from material sent from a patient in Zaire. When examined
after incubation for 2 days, the pocks were “perfectly typical” of variola virus. However,
after another day’s incubation at 35 °C, there was some haemorrhage around the pocks, a
feature never seen with variola virus and characteristic of monkeypox virus. Further tests
showed that, like monkeypox virus and unlike variola virus, the Zaire isolate produced
large lesions in the rabbit skin.

Meanwhile, a diagnosis of variola virus had been made in the WHO collaborating centre
in Atlanta with material obtained from 2 cases of smallpox-like disease discovered in
different parts of Liberia in mid-September. This diagnosis caused great concern, since
Liberia was thought to have been free of smallpox since 1969. Having learned of the
occurrence of human monkeypox in Zaire, Henderson suggested to the WHO
collaborating centre in Atlanta that the Liberian isolates should be carefully examined by
appropriate tests to see whether they might be monkeypox virus. The Liberian isolates, and
subsequent isolates from Sierra Leone and Nigeria, wete then found to have the
characteristics of monkeypox virus (Lourie et al., 1972).

Arrangements were made for further examination of both the Zaire and the Liberian
isolates by Dr Keith Dumbell in London and Dt Rijk Gispen in Bilthoven, as well as in the
WHO collaborating centres in Atlanta and Moscow. Work on these isolates formed the
main topic of discussion at the second meeting of the Informal Group on Monkeypox and
Related Viruses in February 1971. The experts attending that meeting agreed that these
isolates were indeed monkeypox virus. This conclusion was a source of considerable relief,
since it excluded the possibility that smallpox had been recurring in the most unlikely
epidemiological situations; yet it also caused some concern, in that a new generalized
orthopoxvirus disease of man had been discovered, the public health importance of which
was unknown.

N

N

_J

problem of monkeypox and to find out
whether there was any evidence of an animal
reservoir of variola virus, the WHO Smallpox
Eradication unit organized informal discus-
sions on monkeypox virus studies among a
group of virologists, which met first in
Moscow from 26 to 31 March 1969. These
experts agreed that monkeypox virus could be
readily distinguished from variola and vac-
cinia viruses by its biological charactetistics,
and further studies were planned on its
morphology and behaviour in experimentally
infected primates, and on the use of serologi-

cal tests to determine its geographical
distribution.

The discovery of human monkeypox, and
the subsequent reports that a variola-like
virus (“whitepox” virus) had been recovered
from the organs of animals captured in areas
of Africa in which human monkeypox cases
had occurred (see Chapter 30), clearly called
for expert advice from virologists. Further
meetings of the Informal Group on Monkey-
pox and Related Viruses were therefore
arranged. In all, 5 more meetings were held, in
1971, 1973, 1976, 1978 and 1979, and were
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attended by a total of 32 scientists from
laboratories in 10 countries, including the
WHO collaborating centres in Atlanta and
Moscow as well as other collaborating centres
conducting poxvirus research, in Bilthoven,
Birmingham, London, Paris and Tokyo. In
addition, field workers from 5 countries in
central and western Africa and representa-
tives from the WHO Regional Office for
Africa, in Brazzaville, Congo, attended some
of the meetings. Laboratory research on
monkeypox, variola and “whitepox” viruses
was carried out in the laboratories of the
scientists who attended the meetings, some-
times with financial assistance from WHO.

Organization of Field Research

To determine the most effective way of
conducting the field research, the Smallpox
Eradication unit organized a coordination
meeting of representatives from central and
western African countries in the WHO
Regional Office for Africa, in October 1976,
to assess the epidemiological situation in
relation to human monkeypox, to draw up
procedures for field surveys and to assess the
sensitivity of epidemiological surveillance. It
was clear from the data presented at this
meeting that the best surveillance programme
was that conducted in Zaire, the only country
in the region in which smallpox surveillance
had been maintained until eradication was
certified in 1977 (see Chapter 25). Following a
recommendation of the coordination meet-
ing, an intensive surveillance programme was
set up under the leadership of Dr Kalisa Ruti
of the Ministry of Health of Zaire and Mr M.
Szczeniowski, a WHO technical officer, in a
geographically limited area in the northern
part of Zaire (Equateur Region, Mongala
Subregion), in which a high concentration of
human monkeypox cases had been observed.

This activity was extended in 1979-1980;
and in May 1980 the Thirty-third World
Health Assembly accepted the recommenda-
tion of the Global Commission for the
Certification of Smallpox Eradication that
further research was needed to determine the
public health importance of human monkey-
pox. Field activities in Zaire were strength-
ened (see Chapter 28), and laboratory support
was provided by the WHO collaborating
centres in Atlanta and Moscow. The descrip-
tion in the following pages of the clinical
features and epidemiology of human monkey-
pox and the ecology of monkeypox virus is
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based on these studies, catried out over

approximately a decade but most intensively
in the years 1982-1986.

Incidence and Distribution

Just over 400 cases of human monkeypox
were reported between 1980 and 1986, all of
which occurred in tropical rain forest areas of
central and western Africa. At the time of
writing, detailed analyses were available of
the 283 cases reported between 1970 and 1984
(Fig. 29.2; Table 29.3). Of these, 899, were
in small villages (under 1000 inhabitants) and
109, in larger villages (1000-5000 inhabi-
tants); only 3 cases were reported in towns of
over 5000 inhabitants. Even the last-named
population groups had ample opportunities
for direct contact with animals killed in the
rain forests.

Between 1972 and 1981, the cases reported
from Zaire greatly outnumbered those re-
ported from any other country (Table 29.3),
probably because the number of people living
in villages in tropical rain forests is much
larger there. From 1982 onwards many more
cases were reported from Zaire than in
previous years. This was partly due to the
intensive surveillance system that had been
developed in enzootic foci in that country,

Plate 29.3. Mark V. Szczeniowski (b.
former United States Peace Corps volunteer, joined
WHO in 1971 and worked as a leader of one of the
mobile smallpox surveillance teams in Zaire. From
1980 he participated in the epidemiological surveil-
lance of human monkeypox and viral haemorrhagic
fevers in that country.

1944), a

Z JE’EK, 1981
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Fig. 29.2. Western and central Africa, showing the extent of tropical rain forest and the locations where cases
of human monkeypox have occurred, 1970-1984.

Table 29.3. Human monkeypox: areas of tropical rain forest and annual numbers of cases reported in
' countries in western and central Africa, 1970-1984

Central a
Cameroon '{\frlcan d’(lz\::::' e Liberia Nigeria ls_:::;: Zaire Total
epublic

Area of rain forest: 1980 17 920 3590 4458 2000 5950 740 105 650 140 308
(thousands of hectares)?

Percentage of all rain 9.5 1.9 24 1. 32 0.4 56.2 74.7
forests in western and
central Africa

Number of cases of monkeypox in:
1970 0 0 0 4 0 | | [
1971 0 0 | 0 2 0 0 3
1972 0 0 0 0 0 0 5 5
1973 0 0 0 0 0 0 3 3
1974 0 0 0 0 0 0 | |
1975 0 0 0 0 0 0 3 3
1976 0 0 0 0 0 0 5 S
1977 0 0 0 0 0 0 6 6
1978 0 0 0 0 | 0 12 13
1979 2 0 0 0 0 0 8 10
1980 0 0 0 0 0 0 4 4
1981 0 0 ! 0 0 0 7 8
1982 0 0 0 0 0 0 40 40
1983 0 0 0 0 0 0 84 84
1984 ] 6 0 0 0 0 86 92

Total number of cases 2 6 2 4 3 I 265 283

3Source: Food and Agriculture Organization of the United Nations (1981).
Areas of rain forest (25.3% of total) occur In 6 countries of western and central Africa in which human monkeypox has not been
reported.
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but there appears to have been a real increase
in the incidence in 1983 and 1984. The reason
for this increase is still uncertain. It may have
been attributable in part to the fact that there
were many more unvaccinated children than
in earlier years, and in part, perhaps, to
fluctuations in the extent of infection in the
animals from which human infections were
acquired.

Clinical Features

A description of the clinical features of
human monkeypox based on 47 cases diag-
nosed up to the end of 1979 (Breman et al,,
1980) needs little revision in the light of
experience since then (Arita et al. 1985).
Clinically, human monkeypox closely resem-
bles discrete ordinary-type ot, occasionally,
modified-type smallpox, as described in
Chapter 1. No case has yet been seen, among
the cases diagnosed in the years 1970-1984,
with confluent lesions on the face, nor has any
case comparable to flat-type or haemorrhagic-
type smallpox been diagnosed. The obvious
clinical feature that differentiates human
monkeypox from smallpox is the pronounced
lymph-node enlargement seen in most cases
of monkeypox (Plates 29.4 and 29.5), some-
times only in the neck or inguinal region, but
more often generalized. Lymph-node en-
largement occurs early, and has often been
observed at the time of onset of fever, usually
1-3 days before the rash appears. Lymph-node
enlargement was observed in 909, of 98 cases
in which its presence or absence was recorded
and was a presenting sign, preceding the rash,
in 659, of these cases.

The eruption begins after a prodromal
illness lasting 1-3 days, with fever, prostra-
tion and usually lymph-node enlargement. As
with smallpox, the lesions develop more or
less simultaneously and evolve together at the
same rate, through papules, vesicles and
pustules, before umbilicating, drying and
desquamating. This process usually takes
about 2-3 weeks, depending on the severity of
the disease. The distribution of the rash is
mainly peripheral. Severe eruptions can cover
the entire body (Plate 29.4), including the
palms and soles. Most pustules are about 0.5
cm in diameter but some have been seen up to
1 cm in diameter. Lesions have been noted on
the mucous membranes, the tongue and
genitalia. One patient, who had been vaccin-
ated several years previously, developed only

1 lesion, further emphasizing the fact that
some cases can be exceedingly mild and would
go unreported in the absence of active surveil -
lance. As is described below, subclinical cases
also occur, in unvaccinated as well as vaccin-
ated subjects.

Sequelae

As in smallpox, pitting scars may develop,
most frequently on the face, but they tend to
diminish in prominence with time. Secondary
infection of the lesions is common and this
may play a role in scarring. About half of the
scars from lesions seen initially on the faceand
body were detectable 1-4 years after the acute
illness. Desquamation of crusts leaves areas of
hypopigmentation (Plate 29.5 B). Hyperpig-
mentation follows after a few months (Plate
29.4 D) and usually diminishes with time. In
some cases large shallow residual scars are
seen, and in a few cases corneal lesions have
caused unilateral blindness.

Laboratory confirmation

Throughout the investigations, great im-
portance was attached to obtaining laboratory
confirmation of the clinico-epidemiological
diagnoses, initially because of the possible
occurrence of smallpox and later because of
the suspicion that “whitepox” virus (see
Chapter 30) might infect humans. All labora-
tory diagnoses were made in the WHO
collaborating centres, with the results shown
in Table 29.4. The methods of laboratory
diagnosis were those used for smallpox,
supplemented by serology in cases in which
viral isolation was not possible. This combina-
tion allowed positive diagnoses to be made in
the great majority of cases. In spite of
unavoidable delays in the collection and
transmission of specimens, the percentage of
recoveries of virus from samples taken from
cases eventually diagnosed as human monkey-
pox was high. Virtually all the cases found
positive by electron microscopy were also
found positive by culture, and vice versa, but
60 (229,) of the cases wete seen too late to
obtain lesion material and could only be
confirmed serologically. Retrospective diag-
nosis by serology was unequivocal in unvac-
cinated subjects but sometimes less clear in
vaccinated petsons, although with the exper-
ience gained over the past few years diagnoses
are now possible in these cases also.



1298 SMALLPOX AND ITS ERADICATION

Plate 29.4. Human monkeypox in a 7-year-old Zairian girl. A, B, C: Acute stage, day 7 of rash.
Note bilateral inguinal lymphadenopathy and enlarged submaxillary lymph nodes on right side.
Pustular lesions on lips (B) also occur inside the mouth as ulcerated lesions: the enanthem.

D: Same subject, 4'4 years later. There are several hyperpigmented spots and facial pockmarks;
in about half the cases of monkeypox these disappear within 5 years of the attack.

WHO / M. SZCZENIOWSKI
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