From the Departments of Pathology
(K.D.R.) and Dermatology (J.W.M., EJ.S.),
Marshfield Clinic; and the Clinical Research
Center, Marshfield Clinic Research Founda-
tion (K.D.R.) — both in Marshfield, Wisc.;
the Division of Infectious Diseases (M.B.G.)
and the Departments of Dermatology
(J.A.F.), Family and Community Medicine
(G.RS., S.L.F.), and Pathology (S.C.K.),
Medical College of Wisconsin; and the City
of Milwaukee Health Department (G.R.S.,
S.L.F.) — both in Milwaukee; the Poxvirus
Section, Office of the Director, Division of
Viral and Rickettsial Diseases (R.L.R., VA.O.,
E.KS., M.AF., RK, LLK.D.), and the Epidem-
ic Intelligence Service (M.).S.), Centers for
Disease Control and Prevention, Atlanta;
and the Bureau of Communicable Diseases,
Wisconsin Division of Public Health, Madi-
son (MJ.S., M.V.W,, J.J.K., J.P.D.). Address
reprint requests to Dr. Reed at the Clinical
Research Center, Marshfield Clinic Research
Foundation, 1000 N. Oak, Marshfield, WI
54449, or at reed.kurt@mcrf.mfldclin.edu.

N Engl ) Med 2004;350:342-50.
Copyright © 2004 Massachusetts Medical Society.

342

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

The Detection of Monkeypox in Humans
in the Western Hemisphere

Kurt D. Reed, M.D., John W. Melski, M.D., Mary Beth Graham, M.D.,
Russell L. Regnery, Ph.D., Mark J. Sotir, Ph.D., M.P.H.,

Mark V. Wegner, M.D., M.P.H., James J. Kazmierczak, D.V.M., M..S.,
Erik J. Stratman, M.D., Yu Li, Ph.D., Janet A. Fairley, M.D.,
Geoffrey R. Swain, M.D., M.P.H., Victoria A. Olson, Ph.D.,

Elizabeth K. Sargent, B.S., Sue C. Kehl, Ph.D., Michael A. Frace, Ph.D.,
Richard Kline, M.S., Seth L. Foldy, M.D., Jeffrey P. Davis, M.D.,
and Inger K. Damon, M.D., Ph.D.

ABSTRACT

BACKGROUND

During May and June 2003, an outbreak of febrile illness with vesiculopustular erup-
tions occurred among persons in the midwestern United States who had had contact
with ill pet prairie dogs obtained through a common distributor. Zoonotic transmis-
sion of a bacterial or viral pathogen was suspected.

METHODS

We reviewed medical records, conducted interviews and examinations, and collected
blood and tissue samples for analysis from 11 patients and one prairie dog. Histopatho-
logical and electron-microscopical examinations, microbiologic cultures, and molecular
assays were performed to identify the etiologic agent.

RESULTS

The initial Wisconsin cases evaluated in this outbreak occurred in five males and six fe-
males ranging in age from 3 to 43 years. All patients reported having direct contact with
ill prairie dogs before experiencing a febrile illness with skin eruptions. We found im-
munohistochemical or ultrastructural evidence of poxvirus infection in skin-lesion tissue
from four patients. Monkeypox virus was recovered in cell cultures of seven samples
from patients and from the prairie dog. The virus was identified by detection of monkey-
pox-specific DNA sequences in tissues or isolates from six patients and the prairie dog.
Epidemiologic investigation suggested that the prairie dogs had been exposed to at
least one species of rodent recently imported into the United States from West Africa.

CONCLUSIONS

Our investigation documents the isolation and identification of monkeypox virus from
humans in the Western Hemisphere. Infection of humans was associated with direct
contact with ill prairie dogs that were being kept or sold as pets.
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ONKEYPOX IS AN UNCOMMON VIRAL

zoonosis caused by a member of the ge-

nus orthopoxvirus.! Monkeypox was
initially recognized in 1958 as a viral eruption of
captive primates. The first cases in humans were re-
ported in 1970 in Zaire (now the Democratic Repub-
lic of Congo).1 Since then, monkeypox has occurred
sporadically in humans throughout that region2-°
but has not been reported outside Africa.

During May and June 2003, an outbreak of fe-
brile illness with skin eruptions occurred among
residents of the midwestern United States.1° All pa-
tients reported having contact with sick pet prairie
dogs (cynomys species) obtained through a com-
mon distributor. Zoonotic bacterial or viral patho-
gen transmission was suspected, and studies were
conducted to identify the etiologic agent. This re-
port summarizes the initial epidemiologic, clini-
cal, and laboratory investigation of the outbreak in
Wisconsin.

METHODS

DESCRIPTION OF THE OUTBREAK

On May 24, 2003, the Wisconsin Division of Public
Health (DPH) was notified of a three-year-old girl
(Patient 1) hospitalized in central Wisconsin with
cellulitis and fever after a bite from Prairie Dog 1 on
May 13. The prairie dog had been purchased on May
11 ata swap meet where animals are bought or trad-
ed. Itbecame ill on May 13 and was noted to have oc-
ular discharge, lymphadenopathy, and papular skin
lesions. The animal died on May 20, and an en-
larged submandibular lymph node was submitted
to Marshfield Laboratories for bacterial culture. On
May 24, a gram-negative bacillus was isolated, rais-
ing the suspicion of tularemia or plague. It was ul-
timately identified as an acinetobacter species and
considered to be a contaminant. No similar illnesses
were reported, and the case appeared to be an iso-
lated event.

On June 2, the DPH was notified by the Milwau-
kee Health Department of an illness in a meat in-
spector (Distributor 2, who was also Patient 4) who
resided in southeastern Wisconsin and also worked
as a distributor of exotic animals. He had been bitten
and scratched by a prairie dog on May 18, a nodular
skin lesion developed at the scratch site on May 23,
and fever, chills, sweats, and lymphadenopathy be-
gan on May 26. He was examined and released from
a local emergency department, but his illness
worsened. On May 31 he was hospitalized, and tu-

laremia and plague were considered in the differ-
ential diagnosis. By June 3 it was determined that
he had sold two prairie dogs to the index patient’s
family at the swap meet. An epidemiologic link be-
tween the two cases in different regions of Wiscon-
sin was established, and public health case-finding
and animal “trace-back” and “trace-forward” activi-
ties were initiated (Fig. 1).

OnJune 2, the DPH was notified that Marshfield
Laboratories had electron-microscopical evidence
of a poxvirus in a skin lesion from Patient 2 (the
mother of Patient 1), who became ill on May 26. On
June 4, orthopoxvirus was visualized by negative-
stain electron microscopy of cell-culture superna-
tants from Patient 2 and Prairie Dog 1, and the DPH
was informed. The DPH arranged confirmatory test-
ing of tissue and skin-biopsy specimens from Pa-
tient 4 (Distributor 2) and Patients 7 and 8 by the
Centers for Disease Control and Prevention (CDC)
Poxvirus Section on June 5.

On June 6, polymerase-chain-reaction (PCR)
testing at the CDC of specimens from Patients 4, 7,
and 8 revealed monkeypox-virus DNA signatures.
OnJune 7, the complete sequence of the hemagglu-
tinin gene derived from the virus from Distributor 2
proved identical to hemagglutinin gene sequences
derived from one of two reference monkeypox-virus
clades. On June 9, PCR analyses of tissue- and vi-
rus-culture supernatants from Patient 2 and Prairie
Dog 1 were positive for monkeypox-virus DNA sig-
natures.

PRAIRIE DOGS IN WISCONSIN

From April 15 through May 17, Distributor 2 had
purchased 39 prairie dogs from a distributor in
northeastern Illinois (Distributor 1). On May 3, Dis-
tributor 2 agreed to transport an ill Gambian giant
rat (cricetomys species), which had recently been
imported from Ghana, from the premises of Dis-
tributor 1 to an exotic-animal veterinarian in Wis-
consin. The distributor, 15 prairie dogs, and 94 oth-
er animals purchased from other suppliers that day
reportedly had no direct contact with the rat, which
was in its own cage, during the three-hour trip. Sub-
sequently, the rat died, but necropsy did not provide
a specific diagnosis. The carcass was incinerated
and was not available for further testing.

On May 5, Distributor 2 delivered 2 prairie dogs
to Pet Store 1 and 10 prairie dogs to Pet Store 2. Pet
Store 2 had received 15 healthy prairie dogs from
Distributor 2 in mid-April. The prairie dogs received
on May 5 had thinner coats and did not appear as
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Distributor 1 in northeastern
Illinois received and distributed
exotic animals including African

rodents and prairie dogs

Distributor 2 in southeastern
Wisconsin purchased 39 prairie
dogs from Distributor 1
between April 15 and May 17 and
transported ill giant Gambian
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Figure 1. Laboratory-Confirmed Cases (Yellow Symbols) and Probable and Suspected Cases (Blue Symbols) of Monkeypox Reported

among Wisconsin Residents as of June 7, 2003.

Case status was determined by means of clinical and laboratory data obtained on or after June 7, 2003. Laboratory-confirmed cases of mon-
keypox were confirmed by means of viral culture (C), polymerase-chain-reaction assay (PCR), electron microscopy (EM), and immunohisto-
chemical analysis (IHC). Rounded rectangles denote distributors, rectangles households, octagons pet stores, and circles veterinary clinics.

344 N ENGL J MED 350;4 WWW.NEJM.ORG JANUARY 22, 2004

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.
Copyright © 2004 Massachusetts Medical Society. All rights reserved.



MONKEYPOX IN HUMANS IN THE WESTERN HEMISPHERE

robust as the animals in the earlier shipment, and
these animals were housed with the unsold animals
from the first batch.

On May 8, Distributor 2 was notified by an owner
of Pet Store 1 that the prairie dogs were ill, with wa-
tery eyes, congestion, and skin lesions. Distributor 2
retrieved both prairie dogs on May 10; one died, and
the other recovered. By May 11, many prairie dogs at
Pet Store 2 had watery eyes and nasal discharge, and
several had papular skin lesions. The animals were
treated by a veterinarian with an oral quinolone and
doxycycline. Distributor 2 purchased his final lot of
five prairie dogs from Distributor 1 on May 17; all
five became ill within a few days after purchase and
were not sold. Four of the animals died.

EARLY CONTROL MEASURES

By June 6, control measures invoked by state and
local public health and veterinary officials included
isolation at home or in the hospital of patients with
suspected cases and public health or hospital infec-
tion-control surveillance of asymptomatic persons
who had been in contact with ill patients or prairie
dogs. Recommendations for infection control and
personnel protection, similar to those for smallpox,
were distributed to health care providers and veter-
inarians. The premises of affected pet owners and
affected business were inspected, infected and ex-
posed mammals were placed under quarantine, and
advice about environmental sanitation and person-
al protection was provided. Seven prairie dogs sold
by Distributor 2 that were still at Pet Store 2 were
killed on June 5. Four asymptomatic prairie dogs
were quarantined at the business location of Distrib-
utor 2. ByJune 6, 38 of the 39 prairie dogs purchased
by Distributor 2 from Distributor 1 during April and
May had been located. Other mammals that had
been in contact with ill prairie dogs were quaran-
tined where they were housed, and humans with
suspected infections were isolated where they lived.
OnJune 6, the state epidemiologist for communica-
ble diseases signed an emergency order to prohibit
the importation, sale, distribution, or display of prai-
rie dogs or any mammals that had been in contact
with prairie dogs that had arrived in Wisconsin after
April 1, 2003.

RESULTS

IDENTIFICATION OF CASES
By June 7, 11 patients with confirmed or suspect-
ed monkeypox had been identified in central and

southeastern Wisconsin. At that time, a suspected
case of monkeypox in humans was defined as ve-
siculopustular skin lesions and fever in persons ex-
posed to animals obtained from Distributor 1 or 2.
All 11 patients were linked by direct contact with
prairie dogs sold by Distributor 2. The index family
(which included Patients 1, 2, and 3) had purchased
two prairie dogs from Distributor 2. The eight pa-
tients identified in southeastern Wisconsin (Patients
4 through 11) included Distributor 2 and his wife,
two employees of different pet stores (1 and 2) that
had received prairie dogs from Distributor 2, two
veterinarians from different clinics who had treated
ill prairie dogs sold by Distributor 2, a person who
had purchased two prairie dogs from Pet Store 2,
and her houseguest (Fig. 1). The earliest date of on-
set of illness was May 15.

CLINICAL FEATURES

The 11 initial cases in Wisconsin occurred in 5 males
and 6 females ranging in age from 3 to 43 years. Six
of the 11 patients had previously received a single
dose of smallpox vaccine during childhood. In all
cases transmission of monkeypox virus appeared
to be by direct contact with an infected prairie dog.
However, Patients 2 and 3 provided direct care to
their infected child, and the possibility of person-to-
person transmission cannot be excluded. Patients
1 and 4 were scratched or bitten by an ill prairie dog.
In three patients, the infection appeared to be trans-
mitted directly to open wounds: a cat scratch on the
hand of Patient 2, a cut on the hand of Patient 6, and
brush scratches on the legs of Patient 7. The incuba-
tion period for the infection was difficult to deter-
mine owing to the lengthy intervals of exposure to
infected prairie dogs and could have ranged from
4 to 24 days (median, 15; mean, 14.5).

Initial signs or symptoms were typically skin
lesions or fever (temperature above 38°C) with
drenching sweats and severe chills. Frequent signs
and symptoms were skin lesions (100 percent),
headache (100 percent), fever (82 percent), sweats
(82 percent), chills (82 percent), persistent cough
(73 percent), lymphadenopathy (55 percent), and
sore throat (55 percent). Less frequent signs and
symptoms were pharyngitis (27 percent), tonsillar
hypertrophy (18 percent), tonsillar erosions (18 per-
cent), malaise (18 percent), mild chest tightness
(18 percent), diarrhea (18 percent), myalgias (9 per-
cent), back pain (9 percent), nasal congestion
(9 percent), blepharitis (9 percent), and nausea
(9 percent). Pulmonary, cardiac, abdominal, neuro-
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logic, and musculoskeletal examinations were nor-
mal in all patients examined.

In five patients, primary skin lesions appeared as
nodular swellings around the margins of bites or
scratches (Fig. 2A, 2B, and 2C). In most patients,
including the six patients without identifiable pri-
mary lesions, 1 to 50 satellite and disseminated skin
lesions developed over a period of several days. Le-
sions evolved from papules to vesiculopustules,
some with prominent erythematous flares, and re-
solved leaving serous-to-hemorrhagic crusts that
eventually detached. Different stages in the evolu-
tion of the lesions were seen simultaneously in all
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After 96 Hours
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Figure 2. Primary Inoculation Reactions (Panels A, B, and C), Examples
of the Smallpox-like (Panel D) and Umbilicated Varicella-like (Panel E)
Disseminated Monkeypox Lesions, and the Morphologic Appearance

of Disseminated Lesions over Time (Panels F, G, H, and ).

Panel A shows a primary inoculation reaction at the site of a prairie-dog bite
on Patient 1, Panel B a prairie-dog scratch on Patient 4, and Panel C a preex-
isting cat scratch on Patient 2. Panel F shows a disseminated lesion less than
24 hours after its appearance, Panel G lesions after six days, Panel H a lesion
after 96 hours, and Panel | a lesion after more than nine days.
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patients with multiple lesions. Lesion sites included
the face, scalp, hands, arms, legs, trunk, perineum,
conjunctivae, and buccal mucosa (Fig. 2D, 2E, 2F,
2G, and 2H). Larger lesions left central scars (Fig.
2I). Four of the 11 patients were hospitalized for
their illnesses. The clinical course was self-limited
in all cases. The median time to crusting of all skin
lesions was 12 days (range, 3 to 25). Nine patients
received antibiotics (six received ciprofloxacin, and
eightwere given doxycycline). Patient 1 received in-
travenous acyclovir, and Patients 2 and 4 received
valacyclovir. No patients received vaccinia immune
globulin.

LABORATORY INVESTIGATIONS

Abattery of laboratory tests was used to identify the
etiologic agent of infection. The specific tests used
to confirm the diagnosis of monkeypox for individ-
ual patients varied depending on the availability of
specimens and the stage of illness. Results are sum-
marized in Figure 1.

Sections of formalin-fixed, paraffin-embedded
skin-biopsy specimens obtained at the pustular
stage from two patients and stained with hematoxy-
lin and eosin showed marked ballooning degener-
ation of keratinocytes with epidermal necrosis and
spongiotic edema (Fig. 3A). In portions of the epi-
dermis, keratinocytes exhibited multinucleation,
nuclear clearing with margination of chromatin,
and occasional eosinophilic cytoplasmic inclusions
(Fig. 3B). A moderate neutrophilic and lymphocytic
inflammatory infiltrate was present within the epi-
dermis and superficial dermis.

Orthopoxviral antigen was detected in skin-biop-
sy specimens by means of immunohistochemical
staining with rabbit antivaccinia polyclonal antibody
(Virostat).11 Antigen was most prominent in degen-
erating keratinocytes and follicular epithelium but
was absent in normal-appearing skin at the edges
of the specimen (Fig. 3C). Immunohistochemical
stains for herpes simplex viruses 1 and 2 and cyto-
megalovirus were negative.

Tissue samples from seven patients and a sub-
mandibular lymph node from Prairie Dog 1 were
inoculated onto primary and continuous cell lines,
including rhesus-monkey kidney, rabbit kidney,
MRC-5, RD, HEp-2, B-SC-40, and VERO cells. Ex-
cept for the HEp-2 cells, cytopathic changes oc-
curred in all cell lines within one to four days and
were characterized by plaques of elongated and
rounded cells with prominent cytoplasmic bridging
and formation of syncytium.
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Transmission electron microscopy was per-
formed on glutaraldehyde-fixed skin-biopsy speci-
mens from two patients.11:12 Virions in various
stages of assembly were observed within the cyto-
plasm of keratinocytes (Fig. 3D). Cross sections of
mature virions contained dumbbell-shaped cores
characteristic of poxviruses (Fig. 3E). Negative-stain
electron microscopy with phosphotungstic acid3
was performed on cultures from Patient 2 and Prai-
rie Dog 1 and revealed numerous brick-shaped vir-
ions with regularly spaced, threadlike ridges on the
exposed surfaces (Fig. 3F). Taken together, the cell-
culture and ultrastructural features suggested that
the virus was a member of the genus orthopoxvirus.

For molecular diagnosis, DNA was extracted
from tissues, specimens obtained with swabs,
“touch” preparations (obtained by touching the pa-
tients’ skin), and cell-culture supernatants.1# Clini-
cal samples were positive for orthopoxvirus on a
PCR assay that amplifies a conserved segment of the
DNA polymerase gene (E9L) present in all Old World
orthopoxviruses except variola. To characterize the
virus further, PCR of the orthopoxvirus hemagglu-
tinin and A-type inclusion genes was performed,
followed by restriction-fragment-length polymor-
phism analysis.15-18 Restriction profiles obtained
from samples from the patients and Prairie Dog 1
were identical to reference strains of monkeypox vi-
rus and differed from other known orthopoxviruses
(Fig. 4A). In addition, a PCR assay for the gene for
the monkeypox extracellular-envelope virus protein
was positive. In contrast, a real-time PCR assay de-
signed specifically to identify the vaccinia virus cy-
tokine-response modifier B gene sequences was
negative.

The combined PCR test results involving inde-
pendent gene sequences provided strong evidence
that the DNA signatures in the clinical samples were
caused by a “monkeypox-like” Old World orthopox-
virus. Excluded orthopoxviruses included ectrome-
lia and gerbilpox viruses (both of which have been
isolated from rodents but are not considered human
pathogens), vaccinia virus (which has the potential
to infect some rodents), cowpox virus (which has
rodent reservoirs and can cause limited infections
in humans), camelpox virus (which is not a cause
of human infections), variola (smallpox) virus, and
the recognized New World orthopoxviruses.

The remote possibility that an undiscovered Old
World orthopoxvirus might have the same DNA fin-
gerprints as monkeypox virus led us to sequence the
entire orthopoxvirus hemagglutinin gene from the

N ENGL J MED 350;4 WWW.NEJM.ORG
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Figure 3. Histologic, Immunohistochemical, and Ultrastructural Evaluation
of the Skin-Biopsy Specimen from Patient 2.

Panel A shows scattered degenerating and necrotic keratinocytes within the
epidermis and a moderate inflammatory-cell infiltrate within the epidermis
and superficial dermis (hematoxylin and eosin, x50). Panel B shows the
boxed area in Panel A at a higher magnification (x200); a multinucleated cell
(long arrow) and eosinophilic viral inclusion bodies (short arrows) are evi-
dent. Panel C shows immunohistochemical staining of orthopoxvirus antigen
within the epidermis (horseradish peroxidase with hematoxylin counterstain,
x40). The inset shows immunoreactivity within individual keratinocytes (x250).
Panel D shows virions within the cytoplasm of a keratinocyte and includes im-
mature forms that are being assembled (long arrow) and clusters of mature
virions (short arrow). N denotes nucleus. Panel E shows virions with dumb-
bell-shaped cores characteristic of poxviruses. Panel F shows a negatively
stained virion from cell culture (phosphotungstic acid). The brick-shaped par-
ticle has regularly spaced, threadlike ridges on the exposed surface.
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Figure 4. Polymerase-Chain-Reaction Amplification of the Orthopoxvirus
Hemagglutinin Gene Followed by Restriction-Fragment-Length Polymor-
phism Analysis of Samples from Patient 4, Prairie Dog 1, and Reference
Isolates of Other Orthopoxviruses (Panel A) and Phylogenetic Tree

of Orthopox Isolates (Panel B).

Tagl was used for the restriction-fragment—length polymorphism analysis.
Panel B shows that the gene sequences of samples from Patient 4 and Prairie
Dog 1 shown in Panel A are closely related according to neighbor-joining
methods. Significant bootstrap values for major nodes of the resulting hem-
agglutinin gene dendrogram are also shown. MPV denotes monkeypox virus,
CPV cowpox virus, RPV rabbitpox virus, and VAC vaccinia virus. Reference
monkeypox strains in the upper node (e.g., MPV-UTC) originated primarily in
West Africa, whereas the strains in the middle node (e.g., MPV-CONGOS) are
typically of Congolese (central African) origin. Percentages in Panel B indicate
the relative similarity of the strains.

samples. The amplified template of both strands
was sequenced to eightfold repetitive coverage. The
generic primer sequence, first used to amplify the
hemagglutinin gene product, was corrected for
equivalent monkeypox-specific sequences. The ob-
served hemagglutinin gene sequence obtained from
the clinical tissues was compared with GenBank se-
quences. Closely related gene sequences were com-
pared by means of neighbor-joining methods, and
significant bootstrap values were obtained for major
nodes of the resulting hemagglutinin gene dendro-
gram (Fig. 4B). The entire hemagglutinin gene se-
quence of the novel North American isolates was
identical to examples of hemagglutinin genes ob-
tained from monkeypox virus isolated from humans
in West Africa and from nonhuman primates in pri-
mate colonies.

DISCUSSION

The occurrence of monkeypox among humans and
rodents in the Western Hemisphere shows the ef-
fect that emerging zoonotic infectious diseases can
have on public health. Some consider monkeypox
to be the most important orthopoxvirus infection
now that smallpox has been eradicated.3 Although
the occurrence of a single case is important, the 72
confirmed or suspected cases of monkeypox report-
ed as of July 30, 2003, represent a large outbreak, as
compared with outbreaks of 23 to 88 cases reported
in areas of endemic disease.8:9 Nationally, during
the current outbreak, the peak in the onset of ill-
ness occurred between May 29 and June 9 (mode,
June 3),19 and there have been no further cases of
illness in humans since June 22.20

The aggregate clinical signs and symptoms of
these early cases in Wisconsin were similar to those
described in outbreaks of monkeypox in Africa.?
Most patients had a prodrome of fever, headache,
and sweats before skin lesions and prominent
lymphadenopathy developed. In some, a localized
lesion was followed by systemic disease. Unique
clinical manifestations included focal hemorrhagic
necrosis, particularly at the sites of bites or scratch-
es, and erythematous flares. These areas are proba-
bly more visible in light skin and differ from areas
of focal hemorrhage described in cowpox. No pa-
tients died, even though 6 of the 11 patients were
born after 1972, after routine vaccination against
smallpox was discontinued among civilians. This
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figure contrasts with case fatality rates of 4 to 22 per-
cent reported during African outbreaks.8:9

The current cases are distinct from poxvirus in-
fections currently or previously acquired in North
America. Variola major, variola minor (alastrim),
and molluscum contagiosum are transmitted strict-
ly between humans. Volepox, skunkpox, and rac-
coonpox viruses are not known to cause disease in
humans. Infection with orf and bovine stomatitis
virus was excluded by the presence of systemic
symptoms in most patients and by the fact that the
ultrastructural characteristics of the viral particles
were not compatible with those of a parapoxvirus.

Federal and state trace-back investigations as-
sociated this outbreak with the importation from
Ghana, West Africa, of six African rodent species in
a large shipment that arrived in the United States
on April 9, 2003.1° The natural history of monkey-
pox in Africa is largely unresolved. However, on the
basis of serologic surveys of antibodies against or-
thopoxvirus in animals, naturally infected species in
Africa may include various rodents (squirrels, rats,
mice, and porcupines) and primates.1,21,22 Experi-
mental infections and observations of animals in
zoologic collections have demonstrated that the
range of potential hosts for monkeypox virus ex-
tends well beyond African species.?

We used multiple genomic targets for detection,
including generic and species-specific tests, to help
ensure the accuracy of virus identification. Monkey-
pox viruses fall into two genetically distinct virus
clades loosely distinguished as either West African
or Congolese.23 Consistent with the origin in a ro-
dent from or near Ghana, gene sequences from the
strain responsible for the U.S. outbreak were most
closely linked to the West African clade.

There was limited or no spread of monkeypox
virus through human contact during this out-
break.2° Person-to-person transmission document-
ed in African outbreaks has rarely extended beyond
three or four transmission cycles. Worst-case—sce-
nario models suggest the disease is not self-sustain-
ing in human populations, even in the total absence
of immunity provided by smallpox vaccination.24

In Africa, outbreaks of monkeypox in humans
are primarily associated with the hunting, skinning,
preparing, and eating of infected rodents and mon-
keys.9:25 In the United States, the greatest risk was
associated with handling exotic and native mam-
malian wildlife as pets. On June 11, 2003, the CDC
and the Food and Drug Administration jointly
banned the import of all rodents from Africa, as well

as the sale, distribution, transport, and release into
the environment of prairie dogs and six African ro-
dentspecies (tree squirrels, rope squirrels, dormice,
Gambian giant pouched rats, brush-tailed porcu-
pines, and striped mice). The CDC recommended
that rodents linked to the implicated shipment of
African rodents or to the exposed prairie dogs be
humanely euthanized and carefully disposed of to
prevent further spread of monkeypox to humans
or native American mammalian species.26:27 State
and federal bans have curtailed further sale and
transport of prairie dogs.28:29

The potential remains for subclinical monkey-
pox-virus infections and possible occult, long-term
viral shedding in various African or North Ameri-
can rodent species. Whether monkeypox virus has
spread to North American rodent populations is an
unanswered question with substantial implications
for both human and animal health. It is not known
whether mammalian species endemic to North
America can maintain a zoonotic sylvan cycle of
monkeypox virus. These are the subjects of continu-

ing extensive investigation.
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