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In early 2009, four human cases of cowpox virus cu-
taneous infection in northern France, resulting from direct
contact with infected pet rats (Rattus norvegicus), were
studied. Pet rats, originating from the same pet store, were
shown to be infected by a unique virus strain. Infection was
then transmitted to humans who purchased or had contact
with pet rats.

he recent trend of adopting wild animals as pets will

inevitably create conditions favorable for emerging
pathogens. Consequently, under the influence of increasing
commercial enterprise, potentially highly pathogenic agents
are likely to emerge and fuel unprecedented epidemic situ-
ations. Cowpox virus (CPXV) is a member of the family
Poxviridae, genus Orthopoxvirus. In contrast to smallpox
virus (exclusively human), the reservoir for CPXV, and
possibly monkeypox virus, is believed to be rodents (1,2).
CPXV is distributed in Europe, Russia, the western states
of the former United Soviet Socialist Republic, and adja-
cent areas of northern and central Asia (3). Natural reser-
voir hosts of CPXV are wild rodents, such as bank voles
and wood mice (4,5). Transmission to humans is through
contact with infected animals, mostly domestic cats, which
are occasional predators of wild rodents (4-6). We studied
an outbreak of cowpox virus cutaneous infection among 4
human case-patients.

The Cases
Case-patient 1 was an 18-year-old woman. She was
scratched on the right arm by a pet rat while visiting a
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friend who had several domestic rats (Rattus norvegicus).
One rat had been purchased at the end of December 2008
from a pet store. The rat became sick with sneezing, con-
junctival hemorrhages, and epistaxis; it died 4 days after
purchase. On January 4, 2009, the patient sought treat-
ment at the emergency department of Compiegne Hos-
pital. The lesion was excised and the patient was treated
with amoxicillin-clavulanate. However, the wound did
not heal. On January 11, ofloxacin was added to the treat-
ment regimen. Eight days later, the patient was admitted
to the hospital with a black necrotic scab on the internal
surface of the right arm, regional lymphangitis, and axil-
lar lymphadenopathies (Figure 1, panel A). After 3 weeks
of unsuccessful antimicrobial drug treatment, she under-
went surgery to remove the affected area. The outcome
was favorable.

Case-patient 2 was a 17-year-old woman who had pur-
chased a domestic rat at the end of December 2008. The rat
died within 3 days of purchase and had respiratory symp-
toms identical to those of the rat that scratched case-patient
1. Six days after the rat died, an inflammatory cutaneous
macular lesion appeared at the base of the patient’s neck,
causing local pain and intense inflammatory reaction. The
patient was admitted to the emergency department of Com-
piegne Hospital. Amoxicillin-clavulanate was prescribed,
but the necrotic scab continued to grow, and local pain in-
creased along with fever (39°C) (Figure 1, panel B). Sur-
gery was performed and the outcome was favorable.

Case-patient 3 was a 14-year-old girl. She was admit-
ted to the emergency department of Compiegne Hospital
on January 14, 2009. On January 3, she had purchased a rat
from the same pet store as case-patient 1. Soon afterward,
the rat began to cough and show signs of hemorrhagic lach-
rymal oozing; the rodent died on January 6. On January 13,
the patient had maculopapular lesions on the upper right
eyelid, on her left shoulder, and at the base of her neck.
Due to her deteriorating condition, she was admitted to the
emergency department on January 17 with rash character-
ized by erythema and edema, and painful regional lymp-
hangitis and lymphadenopathy. Surgery was performed
and the outcome was favorable.

Case-patient 4 was a 29-year-old woman who reported
having been scratched by a rat on January 21, 2009. An in-
flammatory macule on her clavicle had progressed through
papular, vesicular, and pustular stages; she also had fever
and malaise. On January 14, she had purchased a domestic
rat in the same store as the 3 previous case-patients. The rat
had respiratory symptoms similar to the previously infected
rats and died on January 21. The patient was admitted to
Compiegne Hospital on January 30; examination showed
a 20-mm black eschar with a crust, regional lymphangitis,
and painful lymphadenopathies (Figure 1, panels C and D).
Outcome was spontaneously favorable.
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Figure 1. Cowpox virus infection in 3 persons in northern France
caused by transmission from infected pet rats. Cutaneous lesions
caused by cowpox virus are shown in patient 1 (A), patient 3
(B) and patient 4 (C, D). The 2 latter patients had lymphangitis
associated with the local lesion. Panel C was obtained on January
30, 2009, panel D on February 6, 2009. Negative-staining electron
microscopy showed mulberry forms with conspicuous but short,
randomly arranged surface tubules (E) and capsule forms with
deeper stain penetration (F), both highly suggestive of poxvirus.
Scale bar for panels E and F = 100 nm.

Biopsy specimens of case-patients 1-3 were sent to
the National Reference Center for Rickettsial Diseases
(Marseille) on January 21 because anthrax and/or rick-
ettsial disease was suspected. Broad range PCRs were
performed for bacteria (16S rRNA) (7) and fungi (18S
rRNA) (8). In the absence of etiology, and based on infor-
mation provided by the Institut de Veille Sanitaire, neg-
ative-stain electron microscopy was performed on Janu-
ary 26. The biopsy samples showed typical poxvirus-like
particles (Figure 1, panels E and F). Molecular diagnosis
was performed by using PCR targeting a 260-bp fragment
in the cowpox hemagglutinin gene (forward primer 5'-
TACTTTTGTTACTAATATCATTAG-3', reverse primer
5'-AGCAGTCAATGATTTAATTGT-3"). Direct sequenc-
ing of the PCR product identified cowpox virus by BLAST
analysis (http://blast.ncbi.nlm.nih.gov/Blast.cgi) against
the GenBank database. The virus was isolated by using
monolayers of Vero cells in 12.5-cm flasks (9). When
cytopathic effect was obvious, DNA was extracted from
the supernatant, and the complete hemagglutinin gene
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was sequenced from a PCR product (forward primer 5'-
CCATTGGAAAAAACACAGTAC-3', reverse primer 5'-
CCAAATATATTCCCATAGTC-3'), amplifying a 1,183-
bp region. PCR protocols are available from R.N.C. Elec-
tron microscopy and PCR were performed on formalin-
fixed scabs from the lesion of case-patient 4. Both test
results were positive morphologically for a poxvirus and
by PCR for cowpox virus.

The virus was isolated from serum samples of case-pa-
tients 1-3 and assessed by cytopathic effect on Vero cells,
electron microscopic morphologic identification, positive
PCR amplification, and subsequent direct sequencing. The
1,183-bp PCR showed positive results for each of the 4
specimens. Sequences were deposited in GenBank under
accession nos. FJ754355-FJ354357. A 1,047-bp sequence
was definitive and used for fine comparative genetic anal-
ysis with the full-length hemagglutinin gene sequences
available in GenBank. The most closely related sequence
corresponded to clone cow HA24 of the catpox 5 isolate
of cowpox virus, isolated from a cheetah in 1982 in the
United Kingdom (AY902254). Genetic heterogeneity with
Y902254 comprised 15 mutations; 10 were nonsynony-
mous, and 3 were insertions. Phylogenetic analyses indi-
cated that sequences corresponding to these cases grouped
together and were clearly distinct from other cowpox virus
strains previously reported (Figure 2). Sequence analysis
indicated that these 4 infections were caused by a virus
strain distinct from other cowpox virus sequences retrieved
from GenBank.

Conclusions

Sporadic human cases of cowpox virus infection
have occurred in several European countries over the past
few years. For most cases the source was domestic cats
(4-6,10,11). Rat-to-human transmission of cowpox virus
was described in the Netherlands, but the source was a wild
rat, not a pet rat (12). We know of only 1 previous case of
human cowpox virus infection that may be linked to a pet rat
(13). In the 4 cases reported here, the rodent host was clini-
cally sick and rapidly died. All 4 patients reported scratches
caused by rat claws, not bites, while handling the rats as
pets. In 3 of the 4 cases, fever (39°C) was noticed at the
pustular stage, associated with lymphangitis and regional
adenopathies. Interviews with the 4 case-patients showed
all had purchased or had been in contact with domestic rats
originating from the same pet store. Further investigations
traced the origin of the cowpox virus-infected rats to a rat
breeder in the Czech Republic (14).

Recently, similar human cases linked to contact with
pet rats have been reported in France, suggesting that the
outbreak may involve more cases than were initially real-
ized (14). The situations in France and Germany mimic
the monkeypox outbreak in the United States, i.e., human

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 15, No. 5, May 2009



94 96 98 100

al P I

-

&

Figure 2. Phylogenetic tree based on nucleotide sequences in
the hemagglutinin gene. Sequence information corresponds to
virus acronym/strain/GenBank accession number. Phylogenetic
study was conducted using MEGA software version 4.0 (www.
megasoftware.net). Genetic distances were calculated with the
pairwise distance method. Phylogenetic tree were constructed
with the neighbor-joining method. CPXV, cowpox virus; ECTV,
ectromelia virus; VARV, variola virus; CMLV, camelpox virus; VACV,
vaccinia virus; HSPV, horsepox virus; MPXV, monkeypox virus.
Scale bar indicates genetic diversity at the nucleotide level.

CPXV Callithrix AY 298785
CPXV Nancy AYS902298
CPXV Brighton Red NC_003663
CPXV Catpox 5 AYS02254
CPXV France 1

CPXV France 2

CPXV France 3

CPXV Biber \V940/97 AY902260
CPXV Katzenbaer AYS802261
CPXV Rat Moscow AY902263
CPXV Udine EFB12709
ECTV Moscow NC_004105
VARV Butler AF375129
VARV Garcia Y 16780

CMLY M-96 NC_003391
VACV Copenhagen M35027
WACV Lister AY&78276

HSPV MNR-76 DQ792504
VACV rabbitpox AY 484669
CPXV GRI-90 X94355

CPXV OPV 91-3 DQ437593
MPXV mpv-utc AF375113

transmission of the virus by pet prairie dogs contaminat-
ed by probable contact with Gambian rats imported from
Africa and directly associated with a US pet retailer (15).
Our study and the US outbreak emphasize the need for ex-
treme caution when humans adopt animals of exotic origin
as pets. Our study justifies the establishment of a national
diagnostic capability and the corresponding human exper-
tise to enable rapid diagnosis and identification of human
pathogens that can cause unimaginable levels of disease in
our communities.

Acknowledgments
We thank Guillaume Perrier and Benoit Batteur for perform-
ing the surgeries and photographing lesions; Angele Clabault and

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 15, No. 5, May 2009

Cowpox Virus from Pet Rat to Human

Joseph Mancaux, Jean-Pierre Emond and Eric Bonte, and Bernard
Campagna for performing the electron microscopy; Karine Bar-
thelemy for sequencing; Boris Pastorino for virus isolation; the 4
patients who consented to the study; and the reviewers for useful
comments.

This work was supported partially by RiVigene, European
Virus Archive (EVA, FP7 CAPACITIES Project GA no. 22829).

Dr Ninove is a virologist at Marseille University and Hospi-
tal who has clinical, research, and teaching activities in the area of
common and emerging viruses causing human diseases.

References

1. Moss B. Poxviridae: the viruses and their replication. In: Knipe DM,
Howley PM, editors. Fields virology, 4th ed. Philadelphia: Lippin-
cott Williams & Wilkins; 2001. p. 2849-83.

2. Damon IK, Esposito JJ. Poxviruses that infect humans. In: Murray
PR, Baron EJ, Jorgensen JH, et al., editors. Manual of clinical mi-
crobiology. Washington: American Society for Microbiology; 2003.
p. 1583-91

3. LaakkonenJ, Kallio-Kokko H, Oktem MA, Blasdell K, Plyusnina A,
Neimimaa J, et al. Serological survey for viral pathogens in Turkish
rodents. J Wildl Dis. 2007;42:772-7.

4. Baxby D, Bennett M, Getty B. Human cowpox 1969-93: a review
based on 54 cases. Br J Dermatol. 1994;131:598-607. DOI: 10.1111/
j.1365-2133.1994.tb04969.x

5. Begon M, Hazel SM, Baxby D, Bown K, Cavanagh R, Chantrey J,
et al. Transmission dynamics of a zoonotic pathogen within and be-
tween wildlife host species. Proc Biol Sci. 1999;266:1939-45. DOI:
10.1098/rspb.1999.0870

6. Vorou RM, Papavassiliou VG, Pierroutsakos IN. Cowpox vi-
rus infection: an emerging health threat. Curr Opin Infect Dis.
2008;21:153-6. DOI: 10.1097/QCO.0b013e3282f44c74

7.  Goldenberger D, Kunzli A, Vogt P, Zbinden R, Altwegg M. Molecu-
lar diagnosis of bacterial endocarditis by broad-range PCR amplifi-
cation and direct sequencing. J Clin Microbiol. 1997;35:2733-9.

8. White TJ, Bruns T, Lee S, Taylor JW. Amplification and direct se-
quencing of fungal ribosomal RNA genes for phylogenetics. In: In-
nis MA, Gelfand DH, Sninsky JJ, White TJ, editors. PCR protocols:
a guide to methods and applications. New York: Academic Press,
Inc.; 1990. p. 315-22.

9. Charrel RN, Moureau G, Temmam S, Izri A, Marty P, Parola P, et
al. Massilia virus, a novel Phlebovirus (Bunyaviridae) isolated from
sandflies in the Mediterranean. Vector Borne Zoonotic Dis. 2008
Dec 4; [Epub ahead of print].

10. Strenger V, Miiller M, Richter S, Revilla-Fernandez S, Nitsche A,
Klee SR, et al. A 17-year-old girl with a black eschar. Cowpox virus
infection. Clin Infect Dis. 2009;48:91-2, 133-4.

11.  Pahlitzsch R, Hammarin A-L, Widell A. A case of facial cellulitis
and necrotizing lymphadenitis due to cowpox virus infection. Clin
Infect Dis. 2006;43:737-42. DOI: 10.1086/506937

12. Wolfs TF, Wagenaar JA, Niesters HG, Osterhaus AD. Rat-to-
human transmission of cowpox infection. Emerg Infect Dis.
2002;8:1495-6.

13. Honlinger B, Huemer HP, Romani N, Czerny CP, Eisendle K,
Hopfl R. Generalized cowpox infection probably transmitted from
a rat. Br J Dermatol. 2005;153:451-3. DOI: 10.1111/j.1365-2133
.2005.06731.x

14.  European Centre for Disease Prevention and Control. Cowpox in
Germany and France related to rodent pets. 2009 Feb 11 [cited 2009
Mar 18]. Available from http://ecdc.europa.cu/en/files/pdf/Health
topics/RA_Cowpox_updated.pdf

783



DISPATCHES

15. Centers for Disease Control and Prevention. Multistate outbreak of ~ Address for correspondence: Remi N. Charrel, Unité des Virus Emergents,
monkeypox—TIllinois, Indiana, and Wisconsin, 2003. MMWR Morb  yniversité de la Meéditerranée, 27 Blvd Jean Moulin, Marseille 13005,

o) 8.
Mortal Wkly Rep. 2003;52:537-40. France; email: rc-virophdm@gulliver.fr

“i;

:waearch

L past issues

" EID

ohline

www.cdc.gov/eid

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 15, No. 5, May 2009






