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Abstract 

The case presented here points towards the fact that skin lesion observed with a cowpox 

virus is a rare event but should be considered more as the number of cases has increased 

in the last years. Cowpox virus (CPXV) belongs to the Poxviridae family. The transmission 

of CPXV to humans is caused by wild rodents or mostly by domestic animals and pet rats. 

In humans, CPXV is responsible for localized skin lesions regularly accompanied by 

lymphadenopathy. The lesions remain localized but self-inoculation from the primary 

lesions could occur. Then physicians have to be vigilant concerning bandages. In this 

case report, a necrotic and ulcerated lesion of a CPXV infection in a young boy is 

reported. The CPXV was possibly transmitted by wild rodents. The importance of 

performing the diagnosis is also pointed out. Virus information was obtained from 

phylogenetic analyses showing that the CPXV isolate was distinct from outbreaks of 

human cowpox which occurred in 2009 in France and Germany but was close to the 

CPXV Brighton Red strain. For several years, cases of viral zoonosis caused by CPXV have 

increased and physicians should be made aware that people could be infected without 

history of direct contact with animals. 
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Introduction 

In recent years, several cowpox virus (CPXV) infections in humans have been 
described in Europe [1–6]. Cowpox virus, as well as monkeypox, vaccinia and variola 
virus, belong to the genus Orthopoxvirus, which can infect humans. Wild rodents are 
considered the reservoir host of CPXV and transmission to humans was shown to occur 
through infected animals, mostly domestic cats [7], but also pet rats [4, 5] and captive 
circus animals [3, 6]. In immunocompetent humans, cowpox remains localized at the 
level of skin lesions which heal after several weeks; however, severe clinical cases have 
been described [2] and a fatal infection was reported in an immunocompromised patient 
[8]. Rodent-to-human transmission was reported after physical contact with animals or 
infection through skin abrasions, resulting in successive lesions for 2 weeks [7], but not 
often after a bite. We report a case of CPXV infection that occurred in a boy without 
documented contact with animals. 

Case Report and Methods 

A 10-year-old boy with no significant medical history, living in the southwest of France, presented 
with an initially small, red, infiltrated patch on the outside of his right arm which evolved quickly into a 
necrotic ulcer of 3 cm in size, surrounded by an erythematous infiltrated area (fig. 1A). The lesion was 
painless and the patient noted a low-grade fever of 38°C during the first days. Within several days, the 
erythema surrounding the ulcerated lesion extended to the entire arm, shoulder and axilla, associated 
with a morbilliform rash on his cheeks (fig. 1A). Physical examination showed regional solid axillar 
lymphadenopathy with no other systemic features. The patient was first treated with amoxicilline-
clavulinate for 5 days then with azithromycin (10 mg/kg/day for 5 days) with no improvement. 
Outcome was spontaneously favorable. The rash disappeared after 10 days, while lymph node 
enlargement persisted for 6 weeks and skin ulceration healed within 2 months by using hydrocolloid 
dressings. 

Laboratory investigations were unremarkable except for a slight elevation of eosinophils (870 G/l, 
11%). Bacterial cultures were negative; no Leishmania parasite was identified on microscopic 
examination of skin scrapings. Serology for Coxiella burnetii, Rickettsia conorii, Borrelia burgdorferi, 
Rickettsia typhi, Rickettsia felis, and parvovirus B19 were negative. Assuming that the patient could 
suffer from tick-borne lymphadenopathy, detection of Rickettsia slovaca using PCR of skin biopsy was 
performed (D. Raoult, WHO Collaborative Center for Rickettsial Reference and Research, Marseille, 
France) and was negative. Light microscopic examination of a skin-punch biopsy showed full-thickness 
necrosis of the skin. 

The patient had no history of skin injury in the affected region. He had no recent contact with 
animals such as rodents or cats, but he reported that he had played extensively in the hay on a farm near 
his home 12 days before the first lesions appeared. His parents reported that he never had direct contact 
with rodents, but the hay barn where he played regularly houses rodents. 

Diagnosis 

Electron microscopy examination of the isolate revealed orthopoxvirus-like particles (fig. 1B). A 
swab was sent to the French Armed Forces Biomedical Research Institute. Orthopoxvirus was 
diagnosed, after DNA extraction, in both the original swab and after culture in Vero cells by a 14-kDa 
fusion protein real-time PCR [9]. Monkeypox virus-specific real-time PCR on both N3R and F3L genes 
[10] was negative. To identify the isolate (designated CPXV-F2010), the entire hemagglutinin (HA) 
gene was amplified [11]. The HA sequence (GenBank HQ634150) was compared to other orthopoxvirus 
and CPXV HA sequences available in GenBank and to CPXV HA sequences of clinical isolates 
including the viruses involved in the 2009 CPXV outbreaks in France and Germany [4, 5]. 
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A BLAST search performed for species identification of the reported case matched 8 published 
CPXV strains with an identity from 85 to 97% (www.ncbi.nlm.nih.gov/blast/Blast.cgi.). The HA 
sequences were submitted to a phylogenetic analysis (fig. 2A). The CPXV-F2010 strain clustered with 6 
other cowpox virus strains available in GenBank including the Brighton Red strain (CPXV-BR). It 
differed from these CPXV strains between 3% to 7% at the nucleotide level. CPXV-F2010 is relatively 
close to CPXV-BR (97% identity) and differs from outbreaks of human cowpox which occurred from 
December 2008 to January 2009 in France and Germany (CPXV-F2009 and CPXV-GER-rat2009, 
respectively). To improve the phylogenetic distribution of CPXV strains, 7 genes of the CPXV-F2010 
and the CPXV-F2009 case were amplified (table 1) and sequenced to be concatenated [12]. 
Concatenated sequence alignment was performed and a phylogenetic tree was constructed (fig. 2B). 
This second phylogenetic tree confirmed the CPXV species of the reported CPXV-F2010 case. The 
sequences of 7 concatenated genes from CPXV-F2010 and CPXV-BR formed a clade, which is clearly 
distinct from other cowpox virus strains reported. The CPXV-F2010 strain differs from CPXV-BR by 
2% at the nucleotide level. 

Next, we investigated the in vitro host range, plaque phenotype and replication rate of CPXV-F2010 
and CPXV-BR, the closely related strain identified by phylogenetic analysis (table 2). Four mammalian 
cell lines from various species and tissues were infected with the 2 viruses. CPXV-BR has a broad host 
range and multiplied in all the cell lines. CPXV-F2010 multiplied only in Vero, MRC5 and BHK-21 cells 
but not in mouse LA-4 cells. The lytic plaques obtained with CPXV-F2010 in Vero, VeroE6 and MRC5 
cells were significantly smaller than those induced by CPXV-BR (p = 0.0009, p = 0.0078, and p = 0.0146, 
respectively; unpaired t-test). We could not determine the foci size on BHK-21 because of their 
imprecise outline morphology. Moreover, compared to CPXV-BR, CPXV-F2010 had significantly 
reduced virus multiplication in all the cell lines (data not shown). The data of in vitro phenotypic 
analyses suggest that CPXV-F2010 is different from CPXV-BR. 

Discussion 

We report CPXV infection in a 10-year-old boy, with wild rodents as a possible source 
of infection. Although wild rodents are considered a natural reservoir of CPXV [13], only 
few reports have described wild rodent-to-human transmission [1, 14]. The presence of 
wild rodents in the hay barn where the boy played 2 weeks before skin lesion appearance, 
suggests he might have been infected by contact with one of the rodents. Neither bites nor 
scratches having been felt by the patient, the mode of transmission is uncertain. 
Epidemiologic investigations should be performed in the rodents living in this barn. The 
detection of CPXV in infected animals might clarify the origin of infection. 

The diagnosis needs some specific molecular tools. The virus was identified as CPXV 
by EM, cell culture isolation, PCR and HA gene sequence analysis. Genotypic analyses on 
7 concatenated genes showed that CPXV-F2010 formed a separate clade with cowpox 
virus strain CPXV-BR, isolated originally from a milker in the United Kingdom [15]. 
However, the phenotypic in vitro study showed that CPXV-F2010 differs from CPXV-BR, 
suggesting a new strain distinct from other CPXV strains reported so far. 

This case highlights the risk for CPXV zoonoses in Europe where wild rodents are 
largely infected [13]. The risk of infection has increased since the cessation of smallpox 
vaccination and the consequent decrease of orthopoxvirus immunity. It also underscores 
the need for physicians and veterinarians to be aware of the risk for CPXV zoonoses and 
to investigate for cowpox in case of characteristic skin lesions in order to diminish the 
delay after several diagnostic and therapeutic detours. Although no cases of inter-human 
CPXV transmission have been reported, the risk of self-contamination has to be taken 
into account due to the scraping of the primary lesion by fingers. Semipermeable bandage 
should be used to cover the lesion site in order to provide significant protection from 
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exposure to the virus on the outside of the bandage, and recommendations are necessary 
to avoid self-contamination with contaminated bandages. 
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Table 1. PCR primers used to sequence CPXV genes homologous to vaccinia virus, Copenhagen strain 
(VACV-COP) 

VACV-
COP 

Function Forward primer Reverse primer 

A56R Hemagglutinin GCTGTCTTTCCTAAACCAG GATAATGGTCACGTGTTACC 
J2R Thymidine kinase GATACATAGATCCTCGTCGC CGGTTTATCTAACGACACACAAC 
D4R Uracyl DNA glycosylase CTTCATTTTGTCTGCACGC GGCGTTTGTATTCGCTTG 
A48R Thymidilate kinase CTTGGACAAGATGGACAGTC CTGATTCCAAGTTGCCAGAG 
B5R Specific EEV protein, plaque size CCACTGAAGAAGACATCTC GTGCTCGACAGTGTATAC 
C22L Soluble TNF receptor CTACCATCGGTCAATCTAG GAGACGGTGTGAGAATATG 
E3L Interferon resistance factor-apoptosis 

inhibitor 
CGCTCTACGAATATCTGTG CGATAGGAACGACGAACCAC 

PCR products were amplified with an annealing temperature of 52°C and using specific primers. 
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Table 2. Plaque phenotype of CPXV-F2010 

Cell line CPXV-BR 
(plaque size, μm) 

Plaque aspect CPXV-F2010 
(plaque size, μm) 

Plaque aspect 

VeroE6 5.53 ± 1.22 

 
 
 
 
 
 

4.15 ± 1.26* 

 
 

Vero 6.36 ± 1.08 

 
 
 
 
 
 

4.42 ± 1.11* 

 
 

MRC5 15.78 ± 3.40 

 
 
 
 
 
 

9.88 ± 4.38* 

 
 

BHK-21 n.d. 

 
 
 
 
 
 

n.d. 

 
 

LA-4 3.75 ± 1.35 

 
 
 
 
 
 

No ECP 

 
 

Distribution of the mean foci size (mean ± SD) of CPXV-BR (ATCC VR 302) compared to CPXV-
F2010 at 48 h p.i. in different cell lines. The mean foci size was determined by microscopy (Microscope 
Olympus CKX41) with an ocular micrometer after crystal violet staining of infected Vero, VeroE6, MRC-5 
and LA-4 cells (ATCC CCL 81; ATCC CRL 1586; BioMérieux; ATCC CCL 196, respectively). Viral 
cytopathic effects were photographed with an Olympus C5050z camera. 

* Significant differences: unpaired two-tailed t test; p < 0.05. 
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Fig. 1. Cowpox illustrations. a Lesion with necrotic ulcer on the outside of right arm with regional solid 
axillary lymphadenopathy. b Negative-staining electron microscopy of virus particle. C = Core; L = 
lateral bodies. 
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Fig. 2. Phylogenetic trees of selected orthopoxvirus genes. Sequence alignments were performed using 
the BioEdit program using BLOSUM62 similarity matrix. Phylogenetic analyses were performed from 
the BioEdit alignment with a global gap removal to exclude gaps from alignments. Neighbor-joining 
trees were constructed using the program MEGA3 with a Tamura-Nei substitution model. The 
robustness of trees was evaluated by bootstrap analysis with 1,000 rounds of replication. a Nucleotide 
sequences of the hemagglutinin gene from 2010-French human case (CPXV-F2010; HQ634150), 2009-
French human case (CPXV-F2009; FJ79031) and additional poxvirus available in GenBank: VARV-
BGD (variola major virus, strain Bangladesh; DQ441420), VARV-GAR (variola minor virus, strain 
Garcia; Y16780), MPXV-COP (monkeypox virus, strain Copenhagen; AY753185), CMLV-M96 
(camelpox virus, strain M-96, AF438165), VACV-LIST (vaccinia virus, strain Lister-clone 107; 
DQ121394), ECTV-MOS (ectromelia virus, strain Moscow; AF012825), CPXV-BR (cowpox virus, 
strain Brighton Red; AF482758), CPXV-GRI (cowpox virus, strain GRI-90; X94355), CPXV-GER 
(cowpox virus, strain Germany 91-3; DQ437593), CPXV-FIN2003 (cowpox virus isolated from human 
in Finland in 2003, AY366478), CPXV-AUS2007 (cowpox virus isolated from human in Austria in 
2007, EU582018), CPXV-cat1999 (cowpox virus isolated from cat in Germany in 1999, AF377885), 
CPXV-elephant2000 (cowpox virus isolated from elephant in Germany in 2000, AY902307). 2009 
French rat-to-human outbreak (CPXV-FR-rat2009, bankit1198424), 2009 German rat-to-human 
outbreak (CPXV-GER-rat2009, FJ654467). The branch length is proportional to evolutionary distance 
(scale bar). b Phylogenetic tree of nucleotide sequences of the 7 concatenated genes. The 7 selected 
genes were concatenated to form a single sequence in the following order: A56R, J2K, D4R, A48R, B5R, 
C22L and E3L. Nucleotide sequences from CPXV isolate from 2010 French human case (CPXV-F2010; 
HQ634150), 2009 French human case (CPXV-F2009; FJ79031) and additional poxvirus available in 
GenBank : VARV-BGD (variola major virus, strain Bangladesh; DQ441420), VARV-GAR (variola 
minor virus, strain Garcia; Y16780), MPXV-COP (monkeypox virus, strain Copenhagen; AY753185), 
VACV-LIST (vaccinia virus, strain Lister-clone 107; DQ121394), ECTV-MOS (ectromelia virus, strain 
Moscow; AF012825), CPXV-BR (cowpox virus, strain Brighton Red; AF482758), CPXV-GRI (cowpox 
virus, strain GRI-90; X94355), CPXV-GER (cowpox virus, strain Germany 91-3; DQ437593). The 
branch length is proportional to evolutionary distance (scale bar). 
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