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ABSTRACT

With the eradication of smallpox throughout the world increasing attemtion
has been given to human monkeypox. This disease, first described in central
Africa in 1970, resembles smallpox clinically but differs epidemiologically.
Forty-seven cases of human monkeypox have oceurred since 1970 in f£ive central
and western African countries; Zaire has reported 38 cases, The avolution of
the illness and the sequelae of monkeypox and severe smallpox are the same;
monkeypox has a case fatality rate of 17%. Smallpox vaccination protects
against monkeypox. All cases have occurred in the tropical rainforest,
Children below 10 years of age comprise 83% of cases, Cage clusters have been
observed in certain zones within countries and within families. Person-to-
person spread has posaibly occurred four times; the secondary attack rate
among susceptible very close family members wag 7.5% (3 cases/40 contacts) and
among all susceptible ¢omtacts was 3.3% (4 caaea/123 contacta), This is much
lower than occcurg with smellpox which is between 25-40%. The low trans-
missibility, coupled with the low frequemey of disease, indicates that monkeypox
iz not a public health problem; however, more data are needed,

While many animals near human momkeypox cases have orthopaxvirus antibodies,
the matural reserveir and vector of monkeypox virus is unknown. Studies are in
progress to identify the natural cyele of monkeypox virus and to define better
the e¢linical and epidemiological features of this disease,

Introduction

The last case of endemic smalipox was reported in Semalis in Qctober 1977. A World
Health Organization Global Commisgion certified the global eradiecarion of smallpox in
December 1979 and this decision will be presented to the World Health Asgembly in May 1980
for final approval. Accordingly, most countries have stopped vaccination and others are
expected to atop soon. Since immunity levels in the population will soon decline rapidly,
it is extremely important that diseases resembling smallpox be carefully evaluated, Such
investigations are essential to provide continuing assurance to health officials and the
public alike that smallpox has indeed been eradicated and that continuing vaccination ig
1o louger necessary. They will help to define further those diseases which, although
bearing a clinical resemblance to smallpox, may differ in important epidemiological
features, :
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The most importarit of these diseases is human monkeypox, which was first detected
in the Basankusu district, Equateur reglon, Zaire (formerly the Democratic Republie of
the Congo) in 1970, two years after the last case of smallpox had occurxed in the area,ls
Some features of the first Z1l human monkeypox cases have been reviewed,1=3 It is the
purpose of this report to deseribe the clinical and epidemiclogical features of all 47 cases
of humanp monkeypox reported from 1970 through 1979.

Clinical features

The major clinical features of human monkeypox ate similar to those of smallpox,
There is a two to four day prodromal illness with fever and prostrationm. The eruption
then begins. As with smallpox, the lesions develop mere or less simultanecusly and
evolve together at the same rate through papules, vesicles and pustules before umbilicating,
drying and desquamating, This process usu2lly takes about two to four weeks, depending on
the aseverity of the disease. The distribution of the rash is mainly peripheral.  Severe
eruptions can cover the entire body (Photos 1-6), imcluding the palms and scles. 5ix of
the 47 cases (13%) had a mild illness (less than 25 lesions with no incapacity, met usually
requiring medical care), 19 (40%) had moderate disease (more than 27 lesions, necessitating
stopping most physical activity, usually requiring medical care) and 22 (47%) had severe
disease (more than 100 lesions, severely incapacitated, redquiring medical care (Table 1).

Most skin lesions are about (0.5 cm in diameter but some up to 1 ¢m have been seen.
Lesions have been noted om the muccous membranes, the tongue and genitalia (Photos 4, 6).
Lymphadenopathy, especially in the neck (submandibular and cervical) and inguinal areas,
was particularly prominent im 17 cases (Photos &, 53).

Pitting scars develop, are most often on the face, and diminish 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 face and body were detectable ene to four years
after the acute illness. Desquamation of c¢rusts leaves areas of hypopigmentation.
Hyperpigmentation follows after a few months and diminishes with time (Phote 7). In some
cases large shallow residual scars are seen, In one case 4 primary cormeal lesion caused
unilateral blindness (Photo 7). Another patient who was vaccinated several yeaxs previously
developed only one lesion (Phote 9) further emphasizing that some cases can be exceedingly
mild and may go unreported.

Only four of the 47 patients (%) had a vaccination scar. These were persons,
ages 35, 30, 24 and eight years, who were vaccinated more than five years previously,

Eight (17%) of the patients died from monkeypox during the acute illness.  They were
between seven months and seven years of age, None had been previocusly vaccinated.  Three
other patients died of other causes two months, four months and 15 months respectively
after their illness.

Comparatively few laboratory tests have been done on these patients. This is because
there are often major delays in reaching the patient after notification, difficulties in
collecting scrapings from lesions or obtaining serum and problems in procuring follow-up
samples,

fahle 2 gives virological and serological test results, For the 47 patients, monkeypox
virus isolation confirmed the diagnosis in 30 among 40 patieunts from whom skin scrapings
were taken, Of the remaining 17 patients, seven had poxvirus particles seen on electron
microscopic (EM) examination of skin samples, but no virus could be isolated. Ten cthers
had serological as well as clinical and epidemiclogical evidence for monkeypox infection;
skin specimens were not collected from seven of these patients and another specimen was not
suitable for testing,
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The virus could be isolated from specimens takenm up to 18 days after ouset of the rash,
A specimen from one patient (case 19) which was EM nepative, was positive for monkeypox
virus upon culture. The precipitation-in-gel test was less helpful than other virological
methods,

Serological tests confirmed a previous orthopoxvirus infection in 34 of 35 patients
tested (Table 2). The fluorescent antibody test® and radioimmune agsay examination’/
identified monkeypox antibodies in sera from 19 of the cases. One of these patients was
negative by virological tests and skin samples could not be collected from four others.

In an attempt to detect specific immunological defects, IgG and IgM were quantitated
for six patients, using a radio-immunoassay techpnique. All monkeypox cases had elevated
IgG and some were markedly increased; three cases had increased IgM. This may only reflect
the consequences of parasitic, bacterial amd viral infeetions to which these patients are
exposed,

Epidemiology
Where

Cases have been detected in five countries: Zaire (38), Liberia {four), Nigeria (three},
lvory Coast (one) and Sierra Leone (one). One recent case, number 39, origimating in
Nigeria, was detected in Benin. All 47 cases have occurred in the tropical rainforest of
western and cenmtral Africa, between & south apd &° north latirude, where hunting of wild
animals for food is common (Figures 1, 2). All but two of the cages have lived in villages
of about 200 to 1000 persons. One of these two cases (case 18) ate meat originating from
the tropical rainforest before diseage onser and the other (case 47) is under invegtigation,

When

The cases have occurred sporadically since August 1970. S5ix cases were reported in
1970, three in 1971, five in 1972, three in 1973, one in 1974, two in 1975, three in 1976,
six in 1977, 12 in 1978 and gix in 1979,

Cases occurred mogt often in the dry season although they are reporred throughout the
year (Figure 3)}. Twenty of the 38 cases in Zaire had onget of rash between January snd
March.

Who

Children were affected more frequently than adulcs, The mean age of patients was
eight years (ramge seven months to 35 years); the median was four years. Thirty-nine of
the 47 cases (83%) were balow 10 years; 23 (55%) were below five yearg and five were helow
one year. Twenty-six patients were male and 21 were female, However, among patients
older than 15 years, five of seven were women.

Clustering of cases

Clustering of patients in countries, in localiti%s within countries and within families
has been observed (Figures 1, 2). Three of four cases in Liberia (2, 3, 4) lived in one
village a5 did two of the three patients in Nigeria,

In Zaire, the north-western Equateur region, ome of nige regions, has reported 21 of
38 cases (557%) . Within this region 13 of the 21 cases (62%) have been reported from the
Bumba zome, one of 21 zones in the Equateur region, Kasal Oriental region has reported
nine cases; eight came from the Kolé zone, one of 12 zones in this region, Seven were
detected in Bandundu regiom and four of these were in the Popokabaka zone,




WrO/SE/80,153
page &

There have been five instances in which presumed co-primary cases occcurred in the same
family (cases 2-3, 1L-12, 26-27, 32-33, 37-38). Case number four lived next door to one
of these families (cases 2, 3). The interval between onset of illness was less than
24 hours for one case, one day for two cases, two days for one case, three days for one
case and five days for one case; the latter patient (case 38) developed a rash seven days
after the co-primary, case 37,

Person-to-pergon gpread

In four families, the onset of rash of second cases occcurred nine, 12, 15 and 17 days
respectively after the first case (Table 3). These cases may have bgen infected from a
common source or secondary transmission may have ocecurred.  Three of the four index patients
had severe digseage and the fourth had moderate digease. The disease in secondary cases
was milder than the primary case in two instances and in two episodes the secondary cases
were of comparable severity. All of the index and secondary cases were unvaccinated. No
cages of poussible tertiary spread were found,

If it ig agsumed that all four cages represented person-to-person spredd of momkeypok,
the potential for trangmission may be assessed by relating the numbeyr of cases to the total
of susceptibles (those without a vaccination sear) among family and other close contacts. ‘
In this setting the contacts had a vaccination scar rate of 707% or more.

Within immediate family members (parents, siblings, children or spouse), the secondary
attack rate among susceptibles was 7.3% (3/10) {Table 4); susceptible siblings of monkeypox
cases had a 10% attack rate (2/&0). Among all other persons having known face-to-face
contacts with patientg, including more distant relatives, the secondary attack rate among
susceptibles was 1.2% (1/83). When all knmown susceptible contacts are included the
secondary artack rate is 3.3% (4/123). This secondary attack rate is low compared to
smallpox which is about 25-40%. +9

Surveillance for monkeypox

Human

In 1975, special vaccination scar and facial poclmark surveys were conducted among
populations living near where human monkeypox cases bad occurred during the previeus four
to five vears in the Ivory Coast, Nigeria and Sierra Leone. Immunity levels were ‘
comparatively low in younger age-groups. Fifty-seven per cent.of 2125 children 0-4 years,
and 29% of 8047 school-age children had no vaccination scars, indicating theix probable
susceptibility to monkeypox infectiom. In those areas, there was no evidence of other ‘«
cases of monkeypox (or smallpox) as determinmed by surveys of facial pockmarks or by
records at health units in the area.

From 1975 to 1977 additional facial pockmark surveys were conducted in western and
central Africa to detect possible cases of smallpox and thus evidence of continuing
transmigsion. Over 6 500 000 children of school age and younger were seen; L1 825 380 were
of preschool age, None had facial pockmarks suggestive of smallpox or monkeypox other
than for cases known previously.lo

Data from smallpox vaccination scar surveys done in 1978 and 1979 in villages where
cases occurred and in surrounding villages are shown in Table 5. Less than one half of the
children from O-4 were vaceinated in villages where cases occurred amd about 60% of this
age-group was found vaccinated in nearby villages. The area in Nigeria where case number 39
occurred had substantially less vaccination coverage than in Zaire. In gome areas of the
Bumba zone over 90% of children less thanm 15 have smallpox vaccination scars as do virtually
all adults, due to repeated vaccinatiom associated with investigatiom of monkeypox cases.
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During the past 1G years, 1652 specimens have been collected from patients with febrile
eruptive disease in western and central Africa to confirm or rule out smallpox or monkeypox
infection (Table 6). Some specimens were collected in preparatiom for visits of International
Commissions to certify freedom from smallpox. Zaire has submitted 74% of these specimens
and has repecrted 81% of the cases,

Since 1971 Zaire has had 14 surveillance teams in the field regponsible for promoting

surveillance, including distribution of specimen collection kits to health units.  This
dccounts in part for the relatively large number of specimens taken. A widely publicized
reward of about US$ 40 is given to persons who report a confirmed monkeypox case. All but

twoe of the monkeypox cases were detected and reported by the fixed health units, Two cases
were found in Bumba zone by active surveillance in villages near known foel of monkeypox.

Within Zaire there has been variation in gpecimen collectiom activities in the Tegions
(Table 7). The Equateur and Haut-Zaire regiouns have together submitted over 52% of the
specimens. However, 21 of the 38 cases occurred in Equateur and none in Haut-Zaire.  The
ratio of monkeypox cases to specimens collected is highest in Kasai Oriental (one in eight).
Roughly 40% of the African tropical rainforest is in Zaire, No cases have been found
cutside of rainforest areas in Zaire or elsewhere,

Animal

Although cases and outbreaks of monkeypox infections have occurred among non-human
primates and other animals in laboratoriezs and zoos in Europe and North America, no such
cases have been detected in nature, Thus the source of human monkeypox infections is still
unknown.ll  Epidemiological studies have suggested monkeys and/or rodents as a possible
source but, until recently, only a small number of specimens for viral culture have been
obtained. Earlier serological studies showed a low prevalence of orthopoxvirus neutralizing
antibodies in mammals captured in western and central Africa, In one survey, 10 of 372
sera were positive; seven were from non-humdn primates {(four chimpanzees from Sierra Leone,
two monkeys from the Ivory Ceast, and one monkey from Liberia). Another sero survey failed
to detect significant antibedy in over 2000 sera taken from Asian and African nen-human
primates, although none of these animals is known to come from dareas nmear human monkeypox
cases, 1?2 However, recent gurveys conducted in areas where human monkeypox cases have
occurred have shown a 23% (50/515) prevalence of poxvirus neutralizing antibodies in non-human
primates.® 13 A study done in Zaire near human monkeypox cases showed that 11 of 55 monkeys
had neutralizing antibody.l% Antibodies have also been found in rodents, other large
mammals and birds in forest areas of the Ivory Coast™ and in rodents in Zaire.l® Rowever,
it has not been possible uncil recently to determine whether these antibodies had daveloped
in response to monkeypox virus infection or to infection caused by any other orthopox virus
species which might have infected mammals and birds. Recent work hag shown that monkeys
found near human monkeypox cases have monkeypox specifie antibody.6’13 Theae and further
refined tests/ will serve as valuable tools during current epidemiological studies underway
in Zaire and others which are plamned. Special ecological studies bepan in the Equateur
region of Zaire in June 1979 and these results will be reported separately.

Although attempts to isolate monkeypox virus from animals captured near human monkeypox
cases have failed, four whitepox virus strains have been identified in orpang of animals
captured in the wild near such cages. These "wild whitepox" strains came from kidney tissue
of one chimpanzee (Pan troglodytes), one forest dwelling monkey (Cercopithecus ascanius) and
two rodents (Heliosciurius rufeobrachium, the sun squirrel; Mastomys natalensis, the
multimemmate rat) captured in Zaire,+&,17 Prior to thege isolations two strains of
whitepox virus had been previously isolated from routine Gynomolgus kidney cell cultures.18,19
Whitepox virus cammot ke distinguished from varicla virus by current biolopical and chemical
methods and, thus, these isolatioms are of special interest, These findings, however, must
be interpreted with caution since it is not possible to conclusively rule out that
these jsolates might represent laboratory cross-contaminationm rather than primary
isolations. Moreover, existing epidemiological evidence indicates that the virus causing
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smallpox is not present in this area because (1) no human infections with a varicla-like
virus have oceurred in Zaire during more than eight years since the last smallpox case
occurred, and (2) it can be presumed that the surveillance system is sensitive enough to
detect such cases, as many monkeypox cases have been found.

Nigcussion

Most cases of human monkeypox have & characteristic clinical appearance, with a two day
prodrome and typical smallpox-like rash evolving over two rto four weeks. Severe
Lymphadenopathy is more prominent among patients with monkeypox than those with smallpox.
Six of 47 cases (13%) have been mild or very atypical, suggesting the possibility that
unidentified cases may hawve occurred, especially in areas where surveillance is poor,

While clinical features c¢annot }eadily distinguish between smallpox and monkeypoxn, the
epidemiological features are quite distinct. Human monkeypox is a sporadic imfrequent
disease detected in small villages in the tropical rainforest of central and western Africa.
Only Ffour episodes of possible secundary spread of human monkeypox have been recorded. The
7.5% inter-human transmission rate of momkeypox to susceptible close family members is much
less than that for smallpox, This very limited avidity of memkeypox for humans indicates
the virus is probably a zoonoses, In addition to these important epidemiclogical differences, .‘9
monkeypox and variola virus, both orthopoxviruses, have distinct biological and genetic
differences.”>»

The occurrence of humap monkeypox in small villages in the moist rainforest of west
and central Africa gives only general clues as to the source of this infection. The discase
appeays to be more frequent in the dry seasocon, similar to that seen for smallpox. Whether
this relates Lo a possible respiratory mode of transmission, as occurs with smallpox, 1is
unknown. The geographical distribution may represent, in part, an artefaet and may be a
function of the semsitivity of surveillance and the number of specimens sent for analysis.

Most people in these areas have multiple contacts with a variety of wild animals. ALl
cases have had contact with primates and almost 21l have had contacts with two or more other
animals, Young, unvaccinated ehildren and adult females seem to be at special risk; the
former, perhaps, because they play with the carcasses of animals afrer the huntexs return
to the village and the latter because they are responsible for dressing and cooking the
animals and may inoeulate themselves during this procedure,

The incubation period of naturally transmitted human monkeypox is unknown, although
experiments with momkeys infected by the parenteral zoute have shown an incubation period
af 7 to 14 days resembling that of smallpox,22 Based on evidence from the few cases who had ‘
only one or two animal comtacts in the month preceding imfection, the incubation time in
humans may be about 12 days, similar to that observed in smallpox. Posgible "secondary"
cases were generally milder and atypical, if indeed they represented inter-human spread
rather than primary infectiom Irom a commom source. When the level of vaccination immunilty
decredases in Zaire and elsewhere in west and central Afriea, a posaible imcrease in cases of
human monkeypox may cccur, thus providing further informatiom.

Although the natural source of human cases is still obscure, epidemiological and
servhogical surveys suggest that certain animals (forest-dwelling monkeys, squirrel,
porcupine or pangolin) may be involved in the natural cyecle of transmission. Field studies
will focus initially on these animals. Concurrently, serological techniques are being
developad which will permit precise measurement of past infeection with monkeypox and other
orthopoxviruses. This will greatly aid epidemiological investigations of human and animal
populations.
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' Tﬁe finding of whitepox vivus requires that, as for monkeypox, surveillance be
maintained and specimeng promptly collected and tested if monkeypox/smallpox—like disease
oceurs in the tropical rainforest. Laboratory analysis of these and similar strains Is
necessary for continved confirmation that there is no animal reservoir of variela virus and
Lo monitor orthopoxviruses that might menace humans in the future.

Postseript

Monkeypox case 48: A 3 year old unvaccinated girl from the forest area of southern
Cameroon developed a severe rash on 14 September 197%. Specimens were collected on
30 ?eptember. Due to special problems, monkeypox virus was not isolated from these specimens
until January 1980. TIn February 1980 a complete field investigation was done by a joint team
from the Camervon Ministry of Health, the Organisarion de Coordination pour la Lutte
contre les Endémies en Afrique Centrale (OCEAC) and the World Health Organization. The team
confirmed the diagnosis. No other human cases were detected. The child had contact with a
dead squirrel about two weeks before the 1llness began. This is the first casze of monkeypox
reported frow the Cameroon.
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TABLE 2. VIROLAGICAL AND SEROLOGICAL EXAMINATIONS DONE ON MONKEYPOX CASES
Viralegical teata Serclogical tests
Case Taya Daya Drthopox antibodies
No. at‘l:yer EM Virua PrecipiraEion nfgcr (recipal:ucal of titre) T:ek:ffpi?
ragh iaolation in gel rash ant {hody
onget cneat H1 cF Reut RIA
1 8 NT + NI e
2 e 13 64 L] 500
3 5 + + + 490 (1] 8
4 . 12 16 L] 128
5 8 + + - [ 128 16 | 1 024
& 19 + + + 14 160 16 450
7 6 + + + 1 518 7o Fi +
a 12 - - NT 1 508 178 FA +
9 44 20 32 16
37 40 | 128 45
333 40 [} 12
1 310 9 FA +
10 18 + + N 1383 €5 | %32
11 49 + + + S
12 vaa ios 40 16 64
1 663 8o 20 450
L3 12 + - +
L4 1o + + +
15 11 + + + 30 514 1 280
1 491 8o 20 | 1200 230 RIA +
2 373 '
16 16 + . - 18 640 1 280
1 482 BO 0 :114] 400 RIA +
2 373
17 2 + + + van
18 3 + + +
19 16 - + “ 33 (] 60
651
20 15 + + - 100 20 a0
250
774 w5 [ €10 365 RIA +
1751
21 6 + - - 150 120 11200 [ 4 700 RIA +
22 L6 + + + 237 ) 10 256 o
3 7 4 4 * 63 20 40 90 | & 200 RIA +
24 T + + + 7 1 280 ao 4
13 + + + 73 1G 370 | 5 50 RIA +
5 9 + + - 70 <53 | <lo 740
1 Q44
26 9 + + 33 3 900 RIA +
27 6 + + 50 %5
2 300 RIA 4
28 15 + + + 49 20 40 :
29 11 + - + 213 160 20 3 oo RIA +
an [} + + - b4 46 10 £10 3 000 RIA +
31 15 + + + Ve
32 1L + - —+ 4g 40 40 120
33 9 + * - 1 a0 80 36
34 5 + + +
35 12 + + + Laa
& caa 58 0 1o 5 900 RIA +
168 1o 10 2 600 RIA +
453
37 21 - - NT 21 40 20 €4
312
kT 3 + + NT 15 80 20 483 RIA +
15 + + KT i5 5 10
418 10
iy 13 + * - 15 160 NT 210
30 160 20 iz | 6 300 RIA +
40 cea 14 80 40 L1 7 200 EIA +
302 10
41 4 + + NT a1 <5 | <10 50
76
41 & + - - 23 10 1o 450 | & 8OO REIA +
12 + - NE 251 20
41 & 193 RIA +
44 5 + NT NT et
45 Sae POk il
46 1l + + NT iia
47 H + + NT

Spzcimen in fexmol,
* Elisa titre 256.

., =m No apecimen; FA = Fluorescent antibedy: RIA = Radioiszmunoasasy antibody,
NT (virolopicnl) or blank spage (serclogical) = not tosted,
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FIG.1 OISTRIBUTION OF TROPICAL RAIN FOREST AND 47 HUMAN MONKEYPOX CASES 1970 - 1979
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A
FIG. 2
DISTRIBUTION OF 31 HUMAN MONKEYPOX CASES IN
NORTH-WESTERN AND CENTRAL ZAIRE, 1970 — 1978
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FiG. 3
SEASONAL DISTRIBUTION OF HUMAN
MONKEYPOX CASES, 1970 — 1979

ZAIRE (38 cases)
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HUMAN MONKE YROX
1%70-1979

Photos 1-6: Seven-year old girl with monkeypox
from Equateur region, Zaire, during day 8 of
rash,

Photo 3: 0Lld scar on arm, not due to
vaccination,
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Photo 4: Heavy concentration of lesions on the hands,
inguinal lymphadenopathy and pustules on genitalia,

Photo 5: Swollen lower face and neck due to cervical and
sub-mandibular and lymphadencpathy.
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Photo §: Eight year old boy with unilateral
blindness following primary lesion om cornea;
monkeypox occurred one year previously.

Photo 91 0.5 mwm pockmark in centre of upper lip in 35-year-old
woman who had disease three months previously; this was the

only lesion on patient who had been vaccinated more thao 10 years
before, Monkeypox virus was grown from the scab taken during
the acute illness.




