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Reviews

Human monkeypox is a rare viral zoonosis endemic to
central and western Africa that has recently emerged in the
USA. Laboratory diagnosis is important because the virus
can cause disease that is clinically indistinguishable 
from other pox-like illnesses, particularly smallpox and
chickenpox. Although the natural animal reservoir of the
monkeypox virus is unknown, rodents are the probable
source of its introduction into the USA. A clear
understanding of the virulence and transmissibility of human
monkeypox has been limited by inconsistencies in
epidemiological investigations. Monkeypox is the most
important orthopoxvirus infection in human beings since the
eradication of smallpox in the 1970s. There is currently no
proven treatment for human monkeypox, and questions
about its potential as an agent of bioterrorism persist.

Lancet Infect Dis 2004; 4: 15–25

Since the global eradication of smallpox in 1977, the World
Health Assembly has consigned the maintenance of live
variola virus to only two authorised facilities in the world.1

Recent concerns about the potential of variola virus as an
agent of bioterrorism have, however, brought the virus to
the forefront of the public-health and scientific-research
agendas of many countries. These concerns have translated
into heightened implications for any outbreak that mimics
smallpox clinically, particularly if it is caused by a novel or
emerging agent. In the spring of 2003, an outbreak of a 
pox-like illness in people occurred in the central USA. 
This outbreak was attributed to the monkeypox virus
(MPV), a rare zoonosis that can cause illness clinically
indistinguishable from smallpox. Before that outbreak,
human monkeypox had never been reported in the western
hemisphere. This review focuses on the clinical and
epidemiological features of human monkeypox, its
emergence in the USA, the similarities to smallpox and
chickenpox, the potential of MPV as an agent of
bioterrorism, and considerations for diagnosis, treatment,
and prevention.

Causative agent
MPV is an orthopoxvirus that is genetically distinct from
other members of the Poxviridae family, including the
variola, vaccinia, ectromelia, camelpox, and cowpox viruses.
It was first identified as the cause of a pox-like illness in
captive monkeys at the State Serum Institute in Copenhagen
in 1958.2 Monkeypox (figure 1) is regarded as the most
important orthopoxvirus infection in human beings since
the eradication of smallpox.3 By contrast with variola virus,

however, MPV has a wide range of hosts,4 which has allowed
it to maintain a reservoir in wild animals while sporadically
causing human disease, and has precluded global eradication
by human vaccination.

Human monkeypox: an emerging zoonosis

Daniel B Di Giulio and Paul B Eckburg

DBD and PBE are clinicians and postdoctoral scholars in the
Division of Infectious Diseases and Geographic Medicine at
Stanford University School of Medicine, Stanford, CA, USA, and
research fellows at the Center for Molecular Biology in Medicine,
Palo Alto Veterans Affairs Health Care System, Palo Alto, CA

Correspondence: Dr Paul B Eckburg, Division of Infectious
Diseases, Stanford University Medical Center, 300 Pasteur Drive,
Room S-156, Stanford, CA 94305, USA. Tel +1 650 723 6661; 
email eckburg1@stanford.edu

Figure 1. African child with disseminated monkeypox. Note postauricular
adenopathy (courtesy of Leo Lanoie, Prince Albert Parkland Health
Region, Saskatchewan, Canada).
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Early investigations characterised the differences
between MPV and variola virus on the basis of their ability
to grow in cell culture and induce death of chick embryos.4

MPV was also found to induce characteristic pock
morphology on chick embryo chorioallantoic membranes.5,6

MPV and variola are closely related serologically, and they
cannot be reliably differentiated by neutralisation or
haemagglutination inhibition.7 Specific antisera, however,
can differentiate between monkeypox and smallpox by
means of specific viral antigens (mo and va, respectively).8

These monkeypox-specific antibodies were used in first
defining the MPV reservoir in wild monkeys in central
Africa.9 In addition, each orthopoxvirus has a specific
composition of surface epitopes,10 distinctive polypeptides,11

unique DNA cleavage sites, and specific differences in the
long terminal repeats of the double-stranded DNA
genome.12 Despite such distinguishing characteristics, the

development of rapid and reliable diagnostic tests for MPV
has been difficult. Among other proposed areas of 
needed research, continued study of the molecular virology
of MPV is essential for the further development of such tests
(panel 1).

A genomic comparison of variola virus and MPV was
described in 2001.12 The central region of the MPV genome
encodes essential enzymes and structural proteins and is
96·3% identical to that of the variola virus. However, the end
regions of the MPV genome, which encode virulence and
host-range factors, differ substantially. Comparative analysis
of the genomes of MPV and smallpox virus shows that MPV
is a distinct species, which evolved from an orthopoxvirus
ancestor independently of variola virus.14 Thus, MPV is not a
direct ancestor of the variola virus (or vice versa), and
variola virus cannot be readily “derived” from MPV.15 This
and other evidence16 alleviated concerns that MPV could
mutate into variola virus17 and reinforced confidence in the
enduring success of the global smallpox vaccination
programme.

Clinical features
The first human monkeypox case was reported in a child in
the equatorial region of the Democratic Republic of Congo
(formerly Zaire) in 1970, 9 months after the eradication of
smallpox in that country.18 As the number of cases in Africa
accumulated in the 1970s, human monkeypox was thought
to resemble smallpox in terms of symptoms, severity, and
mortality.4 By contrast with smallpox, however, it was
associated with low transmissibility between human beings.
As of 1980, fewer than 50 cases of human monkeypox had
been recognised,19 and the clinical manifestations and
epidemiology remained poorly characterised.

Most clinical data on human monkeypox come from
subsequent investigations of outbreaks in central and
western Africa. Observational studies in the mid-1980s
showed an incubation period of 10–14 days and an
infectious period occurring during the first week of the
rash.20 A characteristic 2-day prodrome, manifest by fever
and malaise, occurs in most patients before development 
of the rash. In addition to the smallpox-like prodrome,
severe lymphadenopathy occurs in many patients 1–2 days
before the onset of the rash. Lymphadenopathy is not
characteristic of smallpox, and this clinical finding is a 
key distinguishing feature of human monkeypox 
(figure 1).19,21 About 90% of patients infected with MPV
develop lymphadenopathy, which can be unilateral or
bilateral and occurs in the submandibular, cervical,
postauricular, axillary, or inguinal lymph nodes, or any
combination of these.13,22

The typical human monkeypox rash begins as
maculopapular lesions of 2–5 mm in diameter. Reports from
African outbreaks suggest that the rash becomes generalised
in distribution in most cases, spreading in a centrifugal
pattern (figure 1).23 A few cases have a centripetal rash,
similar to that of chickenpox (table 1).24 The skin lesions
typically progress through papular, vesicular, pustular, and
crust phases over a period of 14–21 days, before sloughing
and leaving dyspigmented scars.13 No haemorrhagic form of
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Panel 1. Recommended research areas for future
monkeypox investigation13

Epidemiological surveillance

Re-establish and strengthen human monkeypox surveillance systems
(especially in western and central Africa), for rapid detection of suspect
cases, rapid notification to national and WHO authorities, and rapid and
comprehensive investigations.

Update human monkeypox case definitions.

Assess transmissibility of human monkeypox and re-explore
mathematical modelling techniques.

Prospectively investigate test characteristics of orthopoxvirus and MPV-
specific serological assays.

Study characteristics of monkeypox and other pox-like illnesses in HIV-
infected patients in detail.

Assess the feasibility of and design ecological and natural history studies.

Design a population-based study to define the clinical, epidemiological,
and ecological characteristics and laboratory diagnosis of human
monkeypox in detail.

Evaluate, establish, and maintain national capability for serological and
virological diagnosis.

Increase resources, training, and administrative and logistical support to
ensure satisfactory surveillance and diagnostic capabilities.

Control and prevention

Expand laboratory screening for antiviral drugs against MPV and other
orthopoxviruses.

Undertake preclinical and clinical trials of cidofovir for human
monkeypox, especially in areas where the disease is endemic.

Clearly establish the risks of smallpox vaccination in areas where human
monkeypox is endemic, especially among immunocompromised patients.

Increase training for and establish a reliable and rapid reporting system
to local heath providers and regional health officials in endemic areas.

Provide local health providers and regional health officials with information
on differential diagnosis, case management, notification and investigation
procedures, and collection and shipment of clinical samples.

Laboratory issues

Establish a central laboratory in badly affected countries able to
implement modern orthopoxvirus diagnostic assays.

WHO collaborating centres and other laboratories involved in
orthopoxvirus research should continue to develop and evaluate
diagnostic tests for both central laboratory and field use and continue
molecular biological studies.

Increase capacity to carry out epidemiological investigations, collaborative
research, and training of staff at WHO collaborating centres.

Obtain increased support for laboratory studies.
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monkeypox has been described in human beings.23 In
addition to smallpox (figure 2) and chickenpox, other
syndromes to consider in the differential diagnosis of a
vesiculopapular rash include drug eruptions, eczema
herpeticum, dermatitis herpetiformis, rickettsialpox, and
molluscum contagiosum.13

As more patients with human monkeypox were
described from the Democratic Republic of Congo in the
1980s, it became obvious that the disease characteristics
differed among those with a history of smallpox
vaccination.23 In patients with evidence of a smallpox
vaccination scar, the monkeypox rash was milder and more
likely to be pleomorphic, lymphadenopathy was evident 
in only 53%, and no deaths occurred. Chickenpox became
the primary differential diagnostic challenge (table 1). 
In a follow-up study, Jezek and colleagues studied 977
patients with a rash who were not suspected of having
monkeypox.25 Among 730 cases of presumed chickenpox,
3·3% had monkeypox by diagnostic testing (serology 
and vesicular-fluid electron microscopy or culture).
Monkeypox was also discovered in 7·3% of patients with
“atypical chickenpox” and 6·1% of those with rash of
unknown cause. Monkeypox was probably misdiagnosed
as chickenpox because of the regional pleomorphism 
and centripetal distribution of the skin lesions. Of 
note, lymphadenopathy was observed in 76% of the
misdiagnosed cases of monkeypox.

The human monkeypox cases in the 2003 US outbreak
(the epidemiology of which is described below) had similar
clinical features to the previously described African cases,
but they were generally milder in severity. Although the
mode of transmission remains poorly characterised, 
MPV transmission in the USA was thought to occur 
through direct contact or respiratory droplet spread (http://
www.cdc.gov/ncidod/monkeypox/infectioncontrol.htm).
All 32 patients with laboratory-confirmed monkeypox in the
USA reported a rash, and all but one reported at least one
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Table 1. Comparison of clinical features between human monkeypox, smallpox, and chickenpox* (modified from Breman
and Henderson24)

Disease characteristics Monkeypox Smallpox† Chickenpox

History

Recent contact with exotic animal Yes No No

Recent exposure to patient with Possible‡ Yes Yes
vesicular rash

Previous vaccination against smallpox 10–15% Rare Yes

Incubation period (days) 10–14 10–14 14–16

Prodromal phase (days) 1–3 2–4 0–2

Physical examination

Prodromal fever and malaise Yes Yes Yes (mild)

Lymphadenopathy Yes No No

Distribution of skin lesions Centrifugal (80%) or centripetal (5%) Centrifugal Centripetal

Depth of skin lesions Superficial Deep Superficial

Evolution of skin lesions Monomorphic (80%) or pleiomorphic (20%) Monomorphic Pleiomorphic

Desquamation (days after onset) 22–24 14–21 6–14

Lesions on palms and soles Common Common Rare

Extracutaneous manifestations

Secondary skin/soft-tissue infection 19% Possible Possible

Pneumonitis 12% Possible 3–16%

Ocular complications 4–5% 5–9% No

Encephalitis <1% <1% <1%

Laboratory diagnosis

DNA detection (eg, PCR) MPV Variola virus VZV

Electron microscopy Poxvirus particles Poxvirus particles Herpesvirus

Culture on chick chorioallantois Characteristic pocks Characteristic pocks No growth

Serology Orthopoxvirus and MPV antibodies Orthopoxvirus and variola virus antibodies Varicella antibodies

VZV=varicella zoster virus. *Other diseases that can be confused with these infections include generalised vaccinia, disseminated infection with herpes zoster or herpes simplex
virus, drug eruptions, enterovirus infections, dermatitis herpetiformis, rickettsialpox, and molluscum contagiosum. †Smallpox in previously unvaccinated patients. ‡Highest risk
among household contacts, with secondary attack rate of about 12%.

Figure 2. African woman with smallpox (courtesy of Department of
Infectious and Parasitic Disease Pathology, Armed Forces Institute of
Pathology, Washington, DC, USA).
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other clinical sign or symptom, including fever (87%),
respiratory symptoms (78%), and lymphadenopathy
(69%).26 Most of the patients were not seriously ill.27 Among
the 78 reported US patients for whom data are available, 19
(24%) were admitted to hospital, some primarily for
isolation purposes.26,27 From published photographs, the rash
appeared less severe (figure 3, figure 4) with fewer lesions
than the generalised rash described in past African outbreaks
(http://research.marshfieldclinic.org/crc/monkeypox.asp). A
9-day delay in antiviral treatment of the index case, during
which time several antibacterial agents were administered,
suggested that a bioterrorism algorithm was not activated
and smallpox was not suspected. Two patients, both children
with laboratory-confirmed MPV infection, had serious
clinical illness.26,28 The first had severe encephalitis that
improved during a 14-day hospital stay, and the second had
diffuse pox lesions, including oropharyngeal lesions that led
to difficulty in breathing and swallowing. Mechanical
ventilation was not required.27 There were no deaths among
the 81 reported US cases.26

Epidemiology
The epidemiology of human monkeypox differs
significantly from that of smallpox. From the first reported
case of human monkeypox in 1970 until early 2003,
sporadic cases were reported only from the rainforest areas
of central and western Africa (including Cameroon, the
Central African Republic, Gabon, Cote d’Ivoire, Liberia,
Nigeria, and Sierra Leone), and large outbreaks were
identified only in the Democratic Republic of Congo. Early
epidemiological data came from an analysis of 47 cases of
human monkeypox reported before 1980, in which the
case-fatality rate was 17%, secondary transmission was the
cause in 9% of cases, and the secondary attack rate of
3·3%19 was noted to be much lower than the rate observed
with smallpox (37–88%; table 2).29 Despite the high case-
fatality rate, monkeypox was not deemed a serious public-
health problem at the time because, unlike smallpox, it
showed no evidence of sustained transmissibility in human
beings. The longest chain of documented human-to-

human transmission was only five generations (four serial
transmissions)30 and a stochastic model for spread of
monkeypox between human beings indicated that MPV 
was highly unlikely to be able to maintain itself
permanently in human communities.31 Accordingly, the
Global Commission for the Certification of Smallpox
Eradication concluded in its final report in 1979 that
continued smallpox vaccination to prevent human
monkeypox was not justified. In addition to the known
adverse events associated with smallpox vaccination in
immunocompetent patients, the emergence of AIDS in 
the 1980s further heightened concerns over the use 
of the vaccine.32 The Global Commission did, however,
recommend that measures be taken to assess the public-
health significance of this emerging zoonosis more
accurately.3

As a result of these recommendations, an active
surveillance programme for human monkeypox was
established in the Democratic Republic of Congo from
1981 to 1986.33 This intensive surveillance accounted for
338 of the 404 recognised cases in Africa during this period,
and it was believed to be the main reason for the eight-fold
increase in the reported incidence of human monkeypox.32

Other factors that were postulated to explain the rising
number of reported cases include a larger number of
people unvaccinated against smallpox (ie, a growing
population of susceptible individuals over time) and
changes in the virus itself, although definitive data are
lacking.34 Of the cases detected by active surveillance,
secondary transmission accounted for 28%, a rate three
times higher than for cases in the 1970s (9%; table 1). The
10% mortality rate found during the period of active
surveillance was, however, similar to the 17% mortality
rate reported before 1980.32 An investigation of 2510
contacts of 214 patients with monkeypox between 1980
and 1984 showed that the highest secondary attack rates
(13·9%) occurred in unvaccinated household contacts aged
0–4 years.20 This same study found a rate of subclinical
infection of only 3% in unvaccinated contacts, and no
evidence of secondary transmission from these subclinical
cases.

After the active surveillance programme ended in 1986,
only 13 cases of human monkeypox were reported up to
the end of 1992 (eight in Gabon, four in Cameroon, and
one in the Democratic Republic of Congo), and no cases
were reported between 1993 and 1995,32 probably owing to
inadequate surveillance. In 1996–97, however, the largest
outbreak of human monkeypox ever recorded occurred in
the Kasai Oriental region of the Democratic Republic of
Congo. 92 cases were identified during an initial
investigation by WHO and the US Centers for Disease
Control and Prevention (CDC) in February, 1997,35 and a
further 419 cases were identified after a follow-up
investigation in October of that year.36 Epidemiological
analysis of these 419 cases gave significantly different
results from previous analyses in that the proportion of
cases attributed to secondary transmission was much
higher (78%) and the case-fatality rate was much lower
(1·5%; table 2).
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Figure 3. Human monkeypox lesions adjacent to the site of primary
inoculation in a child during the 2003 US outbreak (courtesy of Marshfield
Clinic, Wisconsin, USA).
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After 1997, human monkeypox attracted little attention
worldwide until May, 2003, when the CDC received reports
from the central USA of patients who developed fever and a
rash after close contact with pet prairie dogs and other
mammals.37 This outbreak, with a total of 81 identified cases
(40% laboratory confirmed), was due to human monkeypox,
a disease that had previously never been recorded in the
western hemisphere (figure 5).26,37 None of the cases were
attributed to secondary transmission, and none resulted in
death (table 2). Traceback investigations identified an
international shipment of about 800 small mammals from
Ghana to Texas as the probable source for the introduction 
of MPV into the USA.26 These mammals were of six 
genera of African rodents: rope squirrels (Funisciurus spp),
tree squirrels (Heliosciurus spp), Gambian giant rats
(Cricetomys spp), brushtail porcupines (Atherurus spp),
dormice (Graphiurus spp), and striped mice (Hybomys spp).
Laboratory testing of some of the suspect animals by virus
isolation and PCR amplification at CDC revealed that at least
one Gambian giant rat, two rope squirrels, and three dormice
were infected with MPV. Gambian giant rats from this
shipment were transported from Texas via an Iowa animal
vendor to a pet distributor in the Chicago area, where they
were co-housed with prairie dogs (Cynomus spp). Infected
prairie dogs were subsequently transported from the
distributor to a vendor in Wisconsin, where they were sold to
the index patient and others (figure 5). Infected prairie dogs,
which through a non-linear chain of distribution may have
also been sold at “swap meets” in Illinois, Indiana, and Ohio,
have been implicated as the source of primary infection for
most of the US cases.26,27,37

Hosts and reservoirs
Although much has been learned about MPV hosts 
and reservoirs, many questions remain. Serological 
surveys suggest that many animals are infected with 
MPV under natural conditions, including squirrels, 
non-human primates, and rats. The primary reservoir for
human infection, however, remains unknown.21,38 Several
epidemiological studies from the Democratic Republic of
Congo have implicated squirrels (especially Funisciurus
anerythrus) inhabiting agricultural areas as primary
candidates to sustain viral transmission among people 
in nearby settlements.39,40 In one environmental survey,
Funisciurus spp squirrels had a higher rate of MPV
seropositivity (24%) than other animals that were tested,
including Heliosciurus spp squirrels (15%) and primates
(8%).40 A subsequent seroprevalence study done as part 
of the investigation of the outbreak in February, 1997, 
in the Democratic Republic of Congo showed even higher
positivity rates in these squirrels (39–50% in Funisciurus spp
and 50% in Heliosciurus spp squirrels).41 In addition, 16% 
of Gambian giant rats tested in this study had serological
evidence of MPV exposure.

Whether MPV has established an enzootic reservoir 
in the USA remains unknown. The infection of a 
rabbit (family Leporidae) after exposure to a diseased
prairie dog at a veterinary clinic confirmed the
transmissibility of the virus between mammal species

common in North America. This rabbit was implicated as
the source of primary infection in one US case.37 In an
attempt to halt the further spread of MPV to human beings
and other species, CDC and the US Food and Drug
Administration issued a joint order on June 11, 2003,
banning the importation of all rodents (order Rodentia)
from Africa until further notice. In addition, the order
prohibits the transportation or offering for transportation
in interstate commerce, or the sale, offering for sale, or
offering for any other type of commercial or public
distribution, including release into the environment, of
prairie dogs or animals of any of the six genera of African
rodents represented in the contaminated shipment
(http://www.cdc.gov/ncidod/monkeypox/pdf/embargo.pdf
). Despite these early measures, concerns have been raised
that the virus’s capability for rapid spread in rodents 
may have allowed it to gain a foothold in an animal
reservoir in the USA,42 although there is no evidence 
to confirm that it has. An aggressive campaign to identify
and destroy or quarantine the 800 mammals from 
the contaminated African shipment, along with all
subsequently exposed animals, has been hampered by 
lack of a detailed “paper trail” in many cases.43 Information
and guidance for people who have contact with 
animals, including animals exposed to or infected with
MPV, can be found on the CDC website (http://www.
cdc.gov/ncidod/monkeypox/animalbasics.htm; http://www.
cdc.gov/ncidod/monkeypox/animalhandlers.htm).
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Figure 4. Human monkeypox lesions on the thorax of an adult male
patient during the 2003 US outbreak (courtesy of Marshfield Clinic,
Wisconsin, USA).
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If MPV has established an enzootic presence in the
USA, the full implications would be difficult to predict.
Although previous epidemiological analyses suggested 

that MPV is incapable of sustaining 
itself in a human population,31

the possibility of frequent
reintroduction from an animal
source must be considered. It 
has been suggested, for example,
that the unusually large outbreak 
in 1996–97 in the Democratic
Republic of Congo resulted from
increased contact with infected
animals by a human community
displaced by civil war.32 Similarly,
high and sustained rates of exposure
to MPV might occur in other
settings, such as the infection of
wild rodent species in a metropolis
such as Chicago. The coexistence 
of high-density populations of 
people and animals such as rats, 
mice, and squirrels must be
considered in such a scenario, as 
well as the potential consequences
of human monkeypox in immuno-
suppressed people, including those
with AIDS.

Little is known about coinfection with MPV and 
HIV. In the 1996–97 outbreak in the Democratic Republic
of Congo only three of the tested case serum samples 
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Table 2. Comparison of epidemiological features of human monkeypox by
surveillance period and epidemiological setting

Feature 1970–79 1981–86 1996–97 2003

Location Central and Democratic Democratic Central USA
western Africa Republic of Congo Republic of Congo

Epidemiological Passive Active surveillance Outbreak Outbreak
setting surveillance

Number of 47 338 419* 81
reported cases

% laboratory 87 100 Not known 40
confirmed

Median age (years) 4 Not known Not known 27

Suspected primary Not known “Forest animals” Not known Prairie dog, 
source(s) Gambian giant rat

Primary cases (%) 91 72 22 100

Secondary cases (%) 9 28 78 0

Secondary attack 3·3 3·7† 8·0 0
rate (%)
Case-fatality rate (%) 17 10 1·5 0

Previous vaccinia 9% 13% 6% 25%‡

vaccination (with vaccine scar) (with vaccine scar)

*Excludes 92 cases that were identified in an earlier investigation of the same outbreak but not included in the analysis
of the subsequent cases. †Among household contacts. ‡Proportion of the confirmed cases for which information was
available.

World areas with reported cases of
human monkeypox (1970–2003)

Number of human monkeypox cases by state
during the 2003 US outbreak (number of
laboratory-confirmed cases)

Flow of infected African rodents implicated
in the 2003 US outbreak

Entry of infected
African mammals

Kansas
1(1)

Missouri
2(2)

Illinois
16(8)

Indiana
22(7)

Ohio
1(0)

Wisconsin
39 (14)

Figure 5: Geographical distribution of human monkeypox.
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were positive for HIV, and the clinical courses of these
patients were not detailed.13 Illnesses caused by certain
other orthopoxviruses, including vaccinia virus,24 and
molluscum contagiosum virus, are known to be more
severe in AIDS patients than in non-immunosuppressed
people. There are no data on the clinical course of
monkeypox infection in individuals with AIDS or other
immunosuppressive disorders. For these reasons and
others, including waning immunity from smallpox
vaccination and the unclear long-term status of the
renewed smallpox immunisation initiative, the public-
health implications of an enzootic animal reservoir of
MPV in the USA are uncertain.

Transmissibility, lethality, and bioterrorism
potential
A clear and consistent understanding of the transmissibility
and mortality of MPV has been hampered by variable
epidemiological data in published reports. To explain the
remarkable rise in secondary cases between the 1970–86
surveillance data and the investigation of the 1997 outbreak
in October of that year (9–28% vs 78%), some authors have
implicated an attenuation in immunity after the widespread
cessation of smallpox vaccination in the early 1980s.44,45 If
waning immunity alone accounted for such an increase in
transmissibility, however, a concomitant rise in mortality
due to human monkeypox would also be expected. Instead, a
striking decrease was observed in the attributable mortality
rate of human monkeypox in the same groups of patients
over the same period (10–17% in 1970–86 vs 1·5% in 1997).
The possibility of a more transmissible and less virulent
strain of MPV has also been invoked to explain these
epidemiological differences,44,45 though data to support this
notion directly are lacking.

Careful review of the epidemiological evidence, however,
implicates an excessive number of false-positive cases in the
investigation in October, 1997, as the reason for the alleged
increase in transmissibility and decline in mortality of
human monkeypox. The evidence suggests, furthermore,
that this unusually high rate of false-positive cases resulted
from the non-specific case definition used in this
investigation and that a substantial proportion of these cases
were actually chickenpox. For instance, the 338 cases
detected by active surveillance in 1981–86 were reported
only after examination by a physician and verification by
laboratory testing of skin lesions, serum, or both.46 By
contrast, the 419 cases detected in the investigation in
October, 1997, were identified by retrospective self-
reporting of clinical signs and symptoms up to 20 months
after onset. Although clinical samples were collected for
subsequent testing from some of the case-patients in that
investigation (including serum from about 300 with
historical disease, and crusted scabs or vesicular fluid from
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Figure 6. Electron micrograph depicting orthopoxvirus particles in a human
skin biopsy from the 2003 US outbreak (courtesy of Marshfield Clinic,
Wisconsin, USA).

Panel 2. CDC interim case definition for human cases of
monkeypox (July 2, 2003)

Human monkeypox case classification
Suspect case—meets one of the epidemiological criteria and has fever or
unexplained rash and two or more other signs or symptoms with onset of
first sign or symptom �21 days after last exposure.
Probable case—meets one of the epidemiological criteria and has fever
and vesicular-pustular rash with onset of first sign or symptom �21 days
after last exposure.
Confirmed case—meets one of the laboratory criteria.
Clinical criteria
Rash (macular, popular, vesicular, or pustular; generalised or localised;
discrete or confluent).
Fever (subjective or measured �37·4°C).
Other signs and symptoms (chills, sweats, headache, backache,
lymphadenopathy, sore throat, cough, and/or shortness of breath.
Epidemiological criteria
Exposure (includes living in a household, petting or handling, or visiting a
pet holding facility such as a pet store, veterinary clinic) to an exotic or
wild mammalian pet (including prairie dogs, Gambian giant rats, and rope
squirrels, among others to be considered on a case-by-case basis)
obtained on or after April 15, 2003, with clinical signs of illness (eg
conjunctivitis, respiratory symptoms, and/or rash).
Exposure (as above) to an exotic or wild mammalian pet (as above) with
or without clinical signs of illness that has been in contact with a case of
monkeypox in either a mammalian pet (living in a household, or
originating from the same pet holding facility as another animal with
monkeypox) or a human being.
Exposure (skin-to-skin or face-to-face contact) to a suspected, probable,
or confirmed human case.
Laboratory criteria
Isolation of MPV in culture.
Demonstration of MPV DNA by PCR testing in a clinical sample.
Demonstration of virus morphology consistent with an orthopoxvirus by
electron microscopy in the absence of exposure to another orthopoxvirus.
Demonstration of presence of orthopoxvirus in tissue by
immunohistochemical testing methods in the absence of exposure to
another orthopoxvirus.
Exclusion criteria
An alternative diagnosis fully explains the illness;
or the case was reported on the basis of primary or secondary exposure
to an exotic or wild mammalian pet or a person subsequently found not
to have monkeypox, provided other possible epidemiological exposure
criteria are not present;
or a patient without a rash does not develop a rash within 10 days of
onset of clinical symptoms consistent with monkeypox (if possible, obtain
convalescent-phase serum sample from these patients);
or the patient is found to be negative for non-variola generic
orthopoxvirus by PCR testing of a well-sampled rash lesion by the
approved Laboratory Response Network protocol.



For personal use. Only reproduce with permission from The Lancet.

THE LANCET Infectious Diseases Vol 4  January 2004    http://infection.thelancet.com22

19 with active disease), results of these tests were not used
for purposes of case definition. The definition of a probable
case (n=304) in the investigation in October, 1997, was 
the occurrence since February, 1996, of fever and a
vesiculopustular rash similar to a WHO reference photo, or
five or more facial pock marks in a resident of Kasai
Oriental; for a possible case (n=115) the definition was the
occurrence of fever and a vesicular or crusty rash.36,44 Both of
these highly sensitive case definitions lack the specificity to
reliably exclude cases of varicella infection, a common
disease that is characterised by a high rate of secondary
transmission in susceptible people (>85%) and a low
mortality in non-neonates (<0·01%).

It is evident from laboratory data that varicella cases were,
in fact, misclassified as monkeypox cases in the investigation
in October 1997. Analyses of the lesional material from the 19
active cases detected MPV in nine and varicella zoster virus
(VZV) in four. If this rate of laboratory-proven varicella
infection were extrapolated to all of the 419 cases reported as
human monkeypox, 88 would be reclassified as chickenpox.
To further illustrate the limitations of clinical case definitions
in epidemiological investigations, of the 67 non-laboratory-
confirmed US human monkeypox cases reported as of June
18, 2003, by the CDC, 19 (28%) were later excluded on the
basis of an updated case definition.28 Varicella will probably

continue to pose a challenge in epidemiological studies of
human monkeypox. An investigation of seven suspected
African monkeypox outbreaks involving 31 people in the
Democratic Republic of Congo between February and August
2001 found that two outbreaks were caused by MPV, two
both MPV and VZV, and two VZV alone.47 In the seventh
outbreak, no evidence for either MPV or VZV was found.

Concerns about the potential use of MPV as a
bioterrorism agent have fluctuated over time, but overall have
been limited. The degree of concern at any given time has
generally reflected the prevailing assessment of the virulence
and transmissibility of MPV. By the late 1980s, there was
recognition that data from active surveillance revealed no
evidence that human monkeypox becomes more severe, or
that the virus becomes more virulent or easily transmissible,
after one or more passages through human hosts.29

Nonetheless, after initial epidemiological reports of the
1996–97 outbreak in the Democratic Republic of Congo were
published, concerns re-emerged that MPV had indeed
become more virulent or more transmissible.45 In addition,
although there was general acceptance by the early 1990s 
that MPV could not evolve into variola virus, the outbreak 
in the Democratic Republic of Congo renewed speculation
that monkeypox could fill an ecological niche vacated by
smallpox.45,48,49 A genomic comparison of an MPV isolate from
a 1996 case-patient with strains collected in Zaire in 1970–79,
however, found no evidence of significant variation.35 On the
basis of data available in 1998, including laboratory studies
showing that a substantial portion of the 1996–97 cases were
actually due to VZV infection, expert opinion was that 
MPV had not changed genetically or in its virulence or
transmissibility.49 The conclusion was, therefore, that MPV
did not represent a serious bioterrorist threat owing to its low
rate of primary infection, limited transmissibility, and
estimated case-fatality rate of less than 15%.49

A more guarded assessment may be warranted. Although
wild-type MPV has very low potential for use as an agent of
bioterrorism, how readily the virus can be genetically
manipulated to exhibit greater virulence or transmissibility for
such use is less clear. Evidence that genetic engineering of this
type is possible comes from the inadvertent transformation of
ectromelia virus (family Poxviridae), the agent of mousepox,
into an unusually lethal strain.50 In studying this virus as a
vector for a contraceptive vaccine, researchers developed a
recombinant virus with the ability to express interleukin 4.
Inoculation of a mousepox-resistant strain of mice with the
control ectromelia virus led, as expected, to no deaths.
Inoculation of the same strain of mice with interleukin-4-
expressing virus resulted, however, in potent suppression of
the cellular immune system and the death of all study animals.
Furthermore, the recombinant strain was also highly lethal in
mice previously immunised against ectromelia virus, resulting
in 60% mortality by day 8. The same researchers reported
engineering a recombinant strain of vaccinia virus with
enhanced virulence that is also mediated by expression of
interleukin 4.51 More recently, an independent team of
investigators reported that they had replicated some of these
findings, resulting in a genetically engineered mousepox virus
that was uniformly lethal to vaccinated mice.52 Their results
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Panel 3. People who should and should not receive
smallpox vaccine for the prevention of monkeypox

Smallpox vaccine is the best way to prevent monkeypox in someone
who is exposed.

People who should receive smallpox vaccine to prevent
monkeypox

People who are investigating animal or human monkeypox cases (for
example, public-health and animal-control workers).

Health-care workers who are caring for monkeypox patients, may be
asked to care for monkeypox patients, or have been in close contact
with monkeypox patients in the past 4 days (vaccination should be
considered up to 14 days after exposure).

Anyone who has had close contact with someone who is sick with
monkeypox within the past 4 days (vaccination should be considered up
to 14 days after exposure).

Anyone (including veterinary surgeons and technicians) who has had
direct physical contact within the past 4 days with an infected animal
acquired since April 15, 2003, in affected areas of the USA (vaccination
should be considered up to 14 days after exposure).

Laboratory workers who handle specimens that may contain MPV (more
information available in the Interim Biosafety Guidelines for Laboratory
Personnel Handling Human and Animal Specimens for Monkeypox
Testing).

People who should not receive smallpox vaccine even after
monkeypox exposure

People with weakened immune systems should not get the smallpox
vaccine, even if they have been exposed to monkeypox (cancer treatment,
organ transplant, HIV infection, primary immune deficiency disorders,
some severe autoimmune disorders, and medications to treat autoimmune
disorders and other illnesses can weaken the immune system).

People with life-threatening allergies to latex or to the smallpox vaccine
or any of its ingredients (polymyxin B, streptomycin, chlortetracycline,
neomycin).

Anyone else who has been exposed to monkeypox in the past 14 days
should get the smallpox vaccine, including children under 1 year of age,
pregnant women, and people with skin disorders.
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were reported at an international biodefence conference in
Geneva, Switzerland, in October, 2003, but have yet to be
published in a peer-reviewed journal.53 These findings suggest
that certain microbes judged to have limited bioterrorism
potential in the past may need to be reassessed in the era of
modern molecular biology.

Diagnosis
All suspected cases of human monkeypox should be
immediately reported to a local health department. Although
clinical characteristics can be helpful in differentiating various
poxvirus infections from other causes of vesiculopustular
rashes (table 1), laboratory confirmation is required for
definitive diagnosis. Case definitions used by the CDC in the
US outbreak are listed in panel 2. Suitable samples for
diagnostic testing include cutaneous tissue and blood, and
additional specimens may be requested by the regional public-
health department. At a minimum, two scabs or material from
vesicles should be collected in separate sterile containers, by
use of a sterile scalpel or 26-gauge needle to unroof the
lesions.54 The base of the vesicle should be vigorously swabbed
with a sterile cotton or polyester swab, and the material
applied to a clean microscope slide and air-dried. The 
swabbed material should not be stored in transport media,
because dilution can affect future test results. The material
should be stored on dry ice or at –20°C for transport to 
the CDC (or equivalent national reference laboratory) for
further diagnostic testing. More detailed information on
sample collection is available (http://www.cdc.gov/ncidod/
monkeypox/diagspecimens.htm). Samples that potentially
contain monkeypox should be handled with Biosafety Level 2
practices, containment equipment, and facilities.33

Other clinical samples to be considered for diagnostic
testing include skin biopsy tissue and blood. Biopsied skin
lesions can be processed for future histopathological analysis
and electron microscopy. Histopathologically, monkeypox
lesions are indistinguishable from those of smallpox,55

featuring necrosis of the stratum basale, adjacent dermal
papillae, and stratum spinosum. Structures similar to
Guarnieri bodies can be seen in the cytoplasm of epidermal
cells. Electron microscopy of monkeypox lesions has shown
abundant large, brick-shaped orthopoxvirus particles in the
cytoplasm of infected epidermal cells (figure 6);55 however, this
method cannot differentiate orthopoxvirus species. Although
isolation of smallpox virus from blood is possible, particularly
during the prodromal viraemic period, data are lacking on the
use of blood cultures for MPV isolation. Blood collection for
paired acute-phase and convalescent-phase serum samples can
be valuable in some cases.

Various diagnostic tests can be used to differentiate MPV
infection from that of other poxviruses. Currently, the CDC is
using cell culture or chick chorioallantoic membrane isolation
in conjunction with DNA-based assays for the diagnosis of
orthopoxvirus infection.54 DNA-based tests, such as PCR with
sequencing, are the most precise methods available for
orthopoxvirus identification and species assignment.54 For
example, PCR amplification of a unique orthopoxvirus
haemagglutinin gene can be combined with restriction-
endonuclease digestion to confirm orthopoxvirus identity to

the species level.56 Many PCR protocols for orthopoxvirus
detection have been described.57–59 Of note, a DNA
oligonucleotide microarray has lately been described as a rapid
method for species-specific detection of orthopoxviruses,
using the crmB gene (which encodes a receptor for tumour
necrosis factor) as the target.60

Serological testing for MPV antigens is difficult because of
the close antigenic relation between surface antigens among
the orthopoxviruses. Various serological methods are
available, including a virus-neutralising test with hyper-
immune reference sera, a haemagglutination-inhibition assay
with chicken erythrocytes,21 and detection of specific viral
antibodies.8 The sensitivities of these tests vary (50–95%),54

however, and serological tests are not useful for the diagnosis
of acute infection. Expert opinion is that no serological assay
currently available can reliably diagnose orthopoxvirus
infections with high sensitivity.54

Treatment and prevention
In 1968, investigators first reported that monkeys could be
immunised against monkeypox by smallpox vaccination.61

In a later analysis of 215 cases of human monkeypox 
(209 laboratory confirmed), Fine and colleagues calculated
that previous smallpox vaccination, as defined by presence of
vaccination scar, conferred 85% protection against monkey-
pox.62 Currently, the CDC recommends pre-exposure
smallpox vaccination for field investigators, veterinarians,
animal-control personnel, and health-care workers who are
investigating or caring for patients with suspected monkeypox
and who have no contraindications to vaccination (panel 3).

The role of postexposure vaccination is less clear. On the
basis of findings that smallpox vaccination after exposure 
to smallpox is effective in preventing or ameliorating disease,
the CDC currently recommends postexposure smallpox
vaccination for people who are within 4 days of initial direct
exposure to monkeypox, and consideration of vaccination for
those who are within 2 weeks of most recent exposure. The
CDC recommendations on the use of smallpox vaccination for
the pre-exposure and postexposure prophylaxis of human
monkeypox are summarised in panel 3.

Cidofovir is a broad-spectrum antiviral agent with in-vitro
activity against virtually all DNA viruses, including MPV.63

Although this drug has been shown to have in-vivo activity
against orthopoxviruses in animals and human beings,64–66 no
published data are available on its effectiveness for the
treatment of human monkeypox. CDC guidelines state that
the use of cidofovir can be considered in severe cases of human
monkeypox infection. Since it has substantial toxic effects,
however, cidofovir should not be used for prophylaxis
(http://www.cdc.gov/ncidod/monkeypox/treatmentguidelines
.htm).

No data are available on the effectiveness of vaccinia
immune globulin (VIG) in the treatment of monkeypox
complications. Use of VIG can be considered in severe cases of
human monkeypox, although whether it provides any benefit
in this setting is unknown. VIG can be considered for
prophylaxis in an exposed person with severely impaired
cellular immunity for whom smallpox vaccination is
contraindicated.
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In the USA, clinical consultation on the use of VIG and
cidofovir is available from staff at each state health department
in the affected area. Current CDC recommendations on 
the use of vaccinia immunisation, cidofovir, and VIG in
people exposed to or infected with MPV are available at
http://www.cdc.gov/ncidod/monkeypox/smallpoxvaccine_m
pox.htm and http://www.cdc.gov/ncidod/monkeypox/
treatmentguidelines.htm.

Closing remarks
Since smallpox was eradicated during the early 1970s, a new
human orthopoxvirus infection was discovered, caused by
the monkeypox virus. The term monkeypox is something of
a misnomer, because evidence suggests that rodents, and not
monkeys, are actually its largest natural reservoir in terms of
both absolute numbers and percentages. Unlike smallpox,
human monkeypox behaves like a classic zoonosis in that
most cases represent primary infection from an animal
source, and the causative agent appears incapable of
sustained secondary transmission in human beings. When
infection in human beings does occur, it can be clinically
indistinguishable from smallpox, chickenpox, and other
causes of a vesiculopustular rash. The most helpful
distinguishing clinical feature of human monkeypox is
severe lymphadenopathy; however, laboratory testing is
necessary for definitive diagnosis.

The WHO’s Global Commission for the Certification of
Smallpox Eradication declared human monkeypox the most
important orthopoxvirus infection of human beings in the
post-smallpox era. As monkeypox surveillance programmes
intensified during the 1980s, the incidence of this seemingly
rare disease increased. Although the documented rates of
transmissibility and mortality of human monkeypox appear
to have changed dramatically from the 1970s to the 1990s,

careful analysis suggests that these changes are an artefact
caused by the use of variable case definitions in different
epidemiological settings (passive vs active surveillance,
outbreak investigations). Data from the 1981–86 active
surveillance programme seem to be the most precise.

Once limited to the remote rainforests of central and
western Africa, human monkeypox has now emerged in
North America with the recent introduction of the virus
through infected exotic pets. This event was predictable
given US importation practices. Three of the six genera 
of rodents represented in the contaminated African
shipment were previously documented to have high
seroprevalence rates for MPV in environmental surveys.
Whether MPV has established an enzootic reservoir in 
the USA remains to be seen. If it has, the public-health
consequences will be difficult to predict from the
accumulated African data owing to potential differences 
in population density, immunity, and rates of
immunosuppression, particularly if the US reservoir
includes wild rodents in an urban setting.

Vaccinia immunisation is roughly 85% effective in
preventing human monkeypox, but there is no currently
proven treatment for the disease. Rapid diagnosis is
nonetheless important because early detection of cases is the
key to limiting potential outbreaks. Although MPV has been
described as having a low potential for use as an agent of
biological warfare, this may no longer be the case in the era
of modern molecular biology.

Of the lessons to be learned from the 2003 US outbreak
of human monkeypox, perhaps two stand out. The first is
that we can no longer afford to ignore uncommon,
geographically restricted or seemingly conquered infectious
agents. Second, governmental policies, including those
pertaining to trade in wild animals, must reflect current
scientific knowledge as well as the increasing global
transport of people, animals, and other potential vectors of
disease. If the USA is fortunate enough to have avoided the
establishment of a new endemic zoonosis this time, the next
outbreak caused by an emerging agent, wherever it occurs,
may prove very different. The strengthening of global
public-health resources may be the best way to ensure that it
does not.
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