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However, specific monkeypox virus antibody
was detected in a few wild monkeys captured in
West Africa.
Human infection with the monkeypox virus,

which is clinically indistinguishable from small-
pox and shows a fatality rate of about 15%, was
first recognized in a 9-month-old boy in Equa-
teur Province, Zaire (then called the Congo),
who developed fever on 22 August 1970 and a
rash 2 days later. This human case was recog-
nized 9 months after the last case of smallpox
was recorded in that region. The child was
admitted to Basankusu Hospital on 1 Septem-
ber, and on examination, hemorrhagic lesions
with centrifugal distribution, typical of that of
smallpox, were observed. The patient, who had
not been vaccinated, recovered from monkey-
pox; however, on 23 October, he developed
measles and died on 29 October. The monkey-
pox virus, which has been generally considered
nonpathogenic for humans, was isolated from
this case at the WHO Collaborating Center in
Moscow, USSR (63). The disease is a rare
zoonosis which remained unrecognized until
smallpox was eradicated from the involved ar-
eas. Most cases of human monkeypox have
certain characteristic clinical and epidemiologi-
cal features. A 2-day prodrome is followed by
typical smallpox-like rash which evolves over 2
to 4 weeks. The lymphadenopathy is more
prominent than that in smallpox cases (Fig. 24).
Moreover, about 13% of cases have been mild or
very atypical, which suggests the possible oc-
currence of unrecognized cases. The interhuman
transmission rate is much less than that of
smallpox. During the 1970 to 1979, 63 cases (the
majority in children with only 7 in individuals
over 15 years of age) with eight deaths were
documented in six countries of equatorial rain
forest areas in West and Central Africa, namely,
Cameroon (2 cases), Ivory Coast (2 cases),
Liberia (4 cases), Nigeria (3 cases), Sierra Leone
(1 case), and Zaire (51 cases). Seroepidemiologi-
cal surveys suggest that forest-dwelling mon-
keys, squirrels, porcupines, or pangolins may be
involved in the natural cycle of transmission.
However, the mode of transmission to humans
has not been delineated (19, 25).
One case diagnosed at the WHO Collaborat-

ing Center at the CDC by isolating monkeypox
virus on 27 December 1978, involved a 35-year-
old male traditional herbalist of the People's
Republic of Benin, who travelled to Omifoun-
foun Village, Oyo State, western Nigeria, and
stayed with his family for 2 months. He devel-
oped fever and rash there on 24 November 1978
and returned to Benin to be hospitalized in
Parakou, Borgou Province, on 5 December.
Thirty-six close contacts, four of whom had
never been vaccinated, were investigated; no

FIG. 24. Human monkeypox (courtesy of the
WHO, Geneva, Switzerland).

secondary case was detected (CDC, Morbid.
Mortal. Weekly Rep. 28:135-136, 1979). A
more recent case occurred in a 3-year-old unvac-
cinated girl in Cameroon who developed a rash
on 14 September 1979. Only 5 of the above 63
monkeypox patients had been vaccinated, and
only in 6 was the possibility of human-to-human
transmission indicated. Moreover, tertiary
transmission of human monkeypox has not been
reported. Thus, little epidemiological signifi-
cance is currently given to this virus. However,
as stated above, epidemiological surveys have
suggested that certain wild monkeys and rodents
of the region, which show serological evidence
of infection with an orthopoxvirus, may serve as
the reservoir of this virus and thus constitute a
potential source of human infection. At this
writing, the total number of reported human
monkeypox cases has reached 79. The most
recent one occurred in a 6-month-old girl who
had a close contact, for no more than 2 h, with a
wild chimpanzee on 30 May 1982 in Kivu, Zaire.
This latest case provides evidence that wild
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nonhuman primates can be the source of human
infections (84).

Currently, the WHO is continuing its special
surveillance program on monkeypox in West
and Central Africa. The virus is readily differen-
tiated from the smallpox virus. However, cer-
tain white-pock variants or whitepox viruses
(producing no hemorrhage on the chorioallanto-
ic membranes of chicken embryos and breeding
true upon passage through hamsters, thus re-
sembling smallpox virus) have been isolated
from monkeypox virus preparations and have
been considered as ominous mutants of monkey-
pox virus. Some studies suggested that these
variants arose most likely by genetic interaction
in mixtures of monkeypox and smallpox viruses.
Other follow-up studies, carried out in certain
WHO Collaborating Centers, have failed to veri-
fy the above findings (19). In this connection,
serological differentiation of smallpox, vaccinia,
and human monkeypox virus infections by an
adsorption radioimmunoassay test was recently
reported (103).
Whitepox virus. The first two of the so-called

whitepox viruses were isolated in October 1964
from monkey kidney cell cultures prepared at
the Rijks Institute in Bilthoven, The Nether-
lands from two healthy cynomolgus monkeys
imported from Malaysia and which had been in
contact with African monkeys during transpor-
tation. The viruses, designated 64/7255 and
64/7275, were distinguishable from animal pox-
viruses but resembled the smallpox virus very
closely. However, a recent laboratory investiga-
tion of these two viruses has indicated that they
represent laboratory contamination. Two vario-
la viruses designated 64/7124 and 64/7125 were
isolated in September and October 1964 at the
same laboratory from specimens obtained from
smallpox patients in Vellore, India. A detailed
comparison of certain biological markers of
these four viruses and their DNAs showed that
the two whitepox viruses were identical to the
Vellore virus designated 64/7124.
Four more viruses with the same properties

were subsequently isolated by the WHO Col-
laborating Center for Poxvirus Infections in
Moscow from the kidney tissues of a chimpan-
zee (designated Chimp-9), a sala monkey (desig-
nated MK-7-73), and two African rodents,
namely, a Mastomys (designated RZ-10-74) (the
common native rat in Zaire) and a squirrel-like
rodent (designated RZ-38-75). All of these ani-
mals were obtained in the wild between 1971 and
1975 in Zaire, which had been free of smallpox
for several years. Sera from three of these
animals contained orthopoxvirus antibodies,
and the virus was reisolated from the tissues of
two animals. In contrast to monkeypox virus,
these four viruses as well as the two described

above produce white pocks on the chorioallanto-
ic membrane of the developing chicken embryo
and have hence been named whitepox viruses.
Experimentally, they cause a generalized dis-
ease with rash in Cercopithecus monkeys. As
these viruses are indistinguishable from the
smallpox virus by the currently available labora-
tory procedures, they, especially the last four,
remain as both a threat and a puzzle. However,
so far no human infection has been reported
from the areas inhabited by the animals yielding
these viruses. Moreover, the possibility that the
latter four whitepox viruses may also represent
laboratory contamination has not been unequiv-
ocally excluded since smallpox virus was han-
dled in the Moscow laboratory when these four
whitepox viruses were isolated (4, 31, 32, 76).

Various strains of variola virus and whitepox
viruses can be differentiated from one another
by the pattern of hemadsorption in infected
human diploid cell cultures and the relative
abilities of these strains to grow in a continuous
rabbit kidney cell cultures (RK-13) as measured
by the hemagglutination test. Variola and white-
pox viruses, on the other hand, can be differenti-
ated from other poxviruses by a laboratory
procedure which tests the sensitivity of thymi-
dine kinase, which is produced by all these
viruses, to inhibition by thymidine triphosphate
(12).
Another poxvirus, called Lenny virus, was

isolated by the WHO Collaborating Center in
London in 1969 from a woman with severe
vesicular disease and fever resembling those of
smallpox, who died in eastern Nigeria. The
virus, which most closely resembles vaccinia
virus, was characterized as a hybrid of smallpox
and vaccinia viruses and possibly emerged from
a double infection. No transmission of this virus
among the natives of the region was detected (4).
Other animal poxviruses. Currently, certain

WHO Collaborating Centers are also conducting
surveillance and research on a number of other
poxviruses, namely, camelpox, gerbilpox, tana-
pox, ratpox, raccoonpox, and certain others
closely related to cowpox, which have been
isolated from cats and cheetahs. As regards the
cowpox virus (see above), it is now generally
believed that both cows and humans are only
sporadic indicator hosts of this virus and that
they acquire infection from a hitherto unrecog-
nized reservoir. An outbreak of cowpox in three
cheetahs, two of which died, occurred at Whips-
nade Park in London, England in February 1977.
Administration of immune globulin did not
change the course of the disease, and smallpox
vaccine did not take in the uninfected cheetahs.
The isolated cowpox virus, however, could not
be virologically or serologically traced to either
captive or wild animals of the area (4, 10).
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Moreover, spontaneous cowpox infections in
humans and various exotic animal species (such
as large felines kept in zoos located in Moscow,
USSR and the United Kingdom and most re-
cently a young tiger in Stockholm, Sweden) with
no contact with cows have been documented. A
poxvirus designated Turkmenia virus, which is
closely related to cowpox virus, was recently
isolated from the great gebrils in the Turkmen
Republic of the Soviet Union. It is thus postulat-
ed that the natural reservoir of the cowpox virus
in the United Kingdom and western Europe
might most likely be in small wild rodents.
The camelpox virus was isolated by the WHO

Collaborating Center at the CDC from camels
with rash observed in Somalia during 1977 to
1979. Moreover, camelpox has posed a serious
problem in Iran; its etiological agent was isolat-
ed in the early 1970s by Dr. H. Mirchamsy and
Dr. H. Ramyar in Tehran. The virus produces
pocks on the chicken embryo chorioallantois
which closely resemble those of variola virus but
which are easily distinguished from the latter by
other characteristics. No infection with this vi-
rus was detected in the nomads who had close
contact with the infected animals (6). Gerbilpox
virus (taterapox) was isolated from a wild gerbil
obtained in 1968 in northern Dahomey, Africa.
It, too, resembles variola virus but has distinc-
tive characteristics. Tanapox virus (named after
the Tana River in Kenya), which is of unknown
reservoir, can produce one or a few skin nodules
in humans; more than 163 cases were observed
in Zaire during 1978 to 1981. The virus is not a
member of the orthopoxvirus group and is readi-
ly distinguished from the latter. Another similar
virus has caused epizootic outbreaks in primate
centers in California, Oregon, and Texas (4).

Smallpox Scares
More than 170 smallpox scares (15 of them

within the last 12 months) have been rumored in
60 countries and reported to the WHO since 26
October 1977. National health authorities or
joint national/WHO teams from the international
smallpox rumor register in Geneva have investi-
gated all of these scares; all have proved false.
They turned out to be chickenpox, measles,
monkeypox, herpes simplex, or other skin dis-
eases or were due to typographic errors, mis-
takes in recording, or otherwise unfounded re-
ports. Some 9,170 specimens were collected
from suspected cases in the Horn of Africa and
other regions of the world during 1978 and 1979;
none contained the smallpox virus. However,
certain Nigerian traditional healers (including
Chief J. 0. Lambo, President of the Nigerian
Association of Medical Herbalists) have claimed
that despite the WHO reward of $1,000 for
reporting a confirmed case of smallpox in 1978,

the disease still occurred in Nigeria in 1980 (97).
An official of the WHO (Dr. T. A. Lambo,
brother of the above-mentioned Chief Lambo)
indicated in 1981 that the last case of smallpox in
Nigeria was recorded in 1970 and that the Nige-
rian herbalists were dealing with cases of chick-
enpox and possibly human monkeypox (64).
The last scare, which made worldwide head-

lines, concerned a 32-year-old Italian engineer,
Umberto Moretti (most recently vaccinated in
1970), who developed smallpox-like symptoms
(fever and a vesicular skin rash) in Brescia (60
miles east of Milan) on 12 April 1980, 5 days
after returning from a business trip to Japan,
Indonesia, and Singapore. New skin lesions in
different stages of development (more numerous
on the trunk than on the extremities, with few on
the palms and fingers) appeared during the fol-
lowing 3 days. Although his illness was diag-
nosed clinically as chickenpox, electron micro-
scopic study at a Lombardy regional laboratory
reported poxvirus-like particles (resembling
those of Orf) in the patient's skin lesions. How-
ever, further examination of the skin lesion
material by electron microscopy, chicken em-
bryo inoculation, as well as complement fixation
tests at the National Laboratory of the French
Ministry of Health in Paris and at the CDC
indicated the involvement of the chickenpox
virus. The patient had been previously vaccinat-
ed several times (the most recent in 1970) and
had a visible vaccination scar; however, he had
not had chickenpox. Moretti's wife and father
were also hospitalized as a precaution. Health
authorities disinfected the six-story building
where the Morettis lived and asked 22 resident
families to take gamma globulin (CDC, Morbid.
Mortal. Weekly Rep. 29:193, 1980). Similarly
the suspected smallpox outbreak in Nigeria dur-
ing November 1982 to January 1983 and the
suspected smallpox in a 12-year-old girl in India
in June 1983 (both investigated by the CDC) also
proved to be chickenpox (CDC, Morbid. Mortal.
Weekly Rep. 32:490-491, 1983).

Facial pockmark surveys, particularly among
children born since the last recognized case,
have been recently used by the WHO for con-
firming the absence of smallpox. However, 2.4%
of individuals recovering from varicella in Soma-
lia had five or more residual facial scars indistin-
guishable from those of smallpox (59).
At this writing, in 153 of the 159 WHO mem-

ber states and associated members, smallpox
vaccination is no longer obligatory. In regard to
the other six countries, primary vaccination
continues but revaccination has been stopped in
Egypt, and primary vaccination has been
stopped but revaccination continues in France.
The current official status of vaccination policy
in Albania, Bhutan, Chad, and the Democratic
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People's Republic of Korea is being awaited by
the WHO.

Certain Unanswered Questions
Finally, there still remain certain unanswered

questions which have been recently raised by
some concerned physicians in regard to the
wisdom of adopting the universal cessation of
antismallpox vaccination on the basis of the
belief that smallpox has definitely disappeared
from the face of the earth. Are there still hidden
foci of smallpox or a smallpox-like diseases in
isolated or remote populations? Can such infect-
ed inanimate objects as bed clothes and frag-
ments of smallpox scabs left inside houses after
recovery or death of past smallpox patients
serve as potential sources offuture human infec-
tions? Are there hitherto unknown animal reser-
voirs of smallpox or smallpox-like viruses? Can
another orthopoxvirus be transformed to small-
pox virus? Are we absolutely certain that labora-
tory infections such as that which occurred very
recently in Birmingham, England (see above)
will not recur? Will animal poxviruses (e.g.,
monkeypox) eventually replace the eradicated
smallpox virus as widespread human pathogens?
Lastly, could biological warfare with the small-
pox virus be waged in the future when no
immunological protection is afforded by the vic-
tims as the result of the gradual loss of smallpox
immunity in the world population (30)?

Providing definitive answers to all of the
above questions is impossible at this time. How-
ever, in an attempt to give partial answers, it
could be pointed out that smallpox has not
reappeared in any of the WHO-certified small-
pox-free countries. During the 11 years of the
global eradication program, it was established
that smallpox never persisted in any area for
more than 8 months without being discovered
(i.e., the experience in Indonesia during 1971
and 1972). Thus, the condition of 2 years of
smallpox-free period, established by the WHO,
for certification of any country, was three times
longer and quite adequate. Moreover, the virus
does not survive for more than 1 month in the
tropical countries where infected inanimate ob-
jects may have been most likely left after recov-
ery or death of smallpox patients. However, in a
temperate zone, viable virus was isolated in 1967
from scabs collected in March 1954 (from three
patients with variola minor in The Hague, The
Netherlands) and kept for 13 years in unsealed
envelopes at a Leiden laboratory at tempera-
tures ranging from 15 to 30°C and relative hu-
midity ranging from 35 to 98% (109). Moreover,
all outbreaks of smallpox which occurred during
the last 12 years in tropical areas of Africa, Asia,
and South America were shown by WHO epide-
miologists to have been initiated solely by

known persons or well-documented laboratory
sources. In addition, as there are substantial
genetic differences between smallpox virus and
other orthopoxviruses, mutation of the latter
viruses to the former virus is believed to be quite
unlikely.
As regards the possibility of animal poxvirus-

es filling the ecological niche vacated by the
smallpox virus and the unthinkable possibility of
biological warfare with this virus, only the future
will provide the answers. In this connection,
however, it should be kept in mind that vigilance
is continuously exercised by the WHO in regard
to animal poxviruses in various areas of the
world as a potential danger to humans. More-
over, as a protective measure against some of
the above possibilities, vaccine stocks and bifur-
cated needles for vaccination of about 300 mil-
lion people are maintained indefinitely by the
WHO in Geneva, Switzerland; Toronto, Cana-
da; and New Delhi, India.

Lastly, in regard to the WHOs declaration of
global eradication of smallpox on 26 October
1979, the noted medical historian Erwin H.
Ackerknecht writes in A Short History of Medi-
cine (published in 1982): "This announcement
might be premature in view of the unreliability of
statistics in underdeveloped countries." This
author does not agree with Professor Acker-
knecht's pessimistic statement and objects to
the use of the words "unreliability" and "under-
developed" for obvious reasons.
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