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Introduction: Bovine vaccinia virus (VACV) is a well-known zoonotic agent related to

exanthemous lesions in skin and mucous membranes of dairy cattle and humans, characterized by

the formation of vesicles, pustules and ulcers. Mastitis is one of the most common infectious

diseases of dairy herds. Bovine mammary infections are caused mainly by bacterial micro-

organisms, especially staphylococci. To the best of our knowledge, intramammary coinfection

with VACV and Staphylococcus aureus in cows has not been reported previously.

Case presentation: During an outbreak of exanthematic bovine VACV infection with animals

showing vesicles, pustules and haemorrhagic ulcers on the teats, milk samples were collected for

mastitis detection.

Conclusion: The present report describes a case of intramammary coinfection by VACV and S.

aureus in a bovine VACV outbreak.
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Introduction

Vaccinia virus (VACV) is an emergent zoonosis relevant to
dairy industry workers, and is the prototype member of the
genus Orthopoxvirus, family Poxviridae. VACV can infect
the mammary gland and is then shed in the milk. In Brazil,
since 1999, several VACV cases have been described,
including in the state of São Paulo (Souza et al., 2003;
Megid et al., 2012).

Bovine mastitis is an inflammatory reaction of the paren-
chyma of the mammary gland that has bacteria as its main
aetiological agents; it is a highly prevalent disease in dairy
cattle and causes heavy annual losses (Wellenberg et al.,
2002). Mastitis-causing pathogens include bacterial and
non-bacterial pathogens (viruses, algae and fungi). Viruses
are seldom recognized as primary agents in intramammary
infections of livestock. Around 20–35 % of mastitis cases
have unknown aetiology (Miltenburg et al., 1996). Due to
the high percentage of unknown causes, it is possible that
viruses play a role in the aetiology of misdiagnosed bovine
mastitis (Wellenberg et al., 2002).

VAVC mammary infection is characterized by the devel-
opment of lesions in the teats of the cows and on the hands

of milkers (Trindade et al., 2007). Viable virus particles may
remain in the milk after thermal treatment, indicating a
potential zoonotic impact (Abrahão et al., 2009; Oliveira
et al., 2010). Moreover, there is an economic impact: VACV
infection causes a significant reduction in milk production
in the cows, there are costs associated with medical expenses
and secondary bacterial infections in cows may also occur
(Souza et al., 2003; Leite et al., 2005). Buffalopox virus
(BPXV) is a member of the genus Orthopoxvirus and is
closely related to VACV. BPXV affects the udder and teats,
causing mastitis, which contributes to reduced milk yield
(Singh et al., 2007). Mastitis due to secondary bacterial
infections has been reported in lactating buffaloes (Singh et al.,
2007). According to Leonard et al. (2009) and Inoshima et al.
(2009), bovine papular stomatitis virus (BPSV) cause extensive
proliferative scabby lesions in bovine mammillitis that can be
aggravated by Staphylococcus aureus and BPSV coinfection,
exacerbating skin lesions and contributing to the establishment
of the mastitis. To the best of our knowledge, there are no
reports of VACV and S. aureus coinfection. The present study
is the first case report of intramammary coinfection with
VACV and S. aureus in lactating cows in Brazil.

Case report

In 2010, an outbreak of exanthematic bovine VACV was
reported in the rural area of the city of Itatinga, central

Abbreviations: BPSV, bovine papular stomatitis virus; BPXV, buffalopox
virus; CMT, California mastitis test; SCC, somatic cell count; VACV,
vaccinia virus.
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western São Paulo state, Brazil (230 u 69 70 S, 480 369 570 W).
The dairy farm where the outbreak occurred had veterinary
care to ensure the health of udders, and there had been no
previous reports of VACV outbreaks or recent cases of clinical
and subclinical mastitis. Manual milking was performed twice
a day, in a 10–12 h interval and with an average yield of about
260 l. The herd had 13 Holstein crossbred lactating cows in
their third to fifth lactation. There was no history of recent
introduction of animals to the herd or any information on
treatment or follow-up of the outbreak.

Investigations

The case report was designed in such a way that stress and
health risks for the animals were reduced, and followed the
current guidelines for ethical use of animals in research
from the Ethics Committee on Animal Use (CEUA, 13/10/
2009; Ethics Committee Protocol 69/2008) from the UNESP,
as well as Brazilian regulations on research with animals
(24.645/1934 and 9.605/1998). During the visit, researchers
evaluated all lactating cows using the strip cup test and the
California mastitis test (CMT) for the diagnosis of clinical
and subclinical bovine mastitis, respectively.

For microbiological culture, sampling was performed asepti-
cally to rule out the possibility of contamination of milk
with micro-organisms from skin and scabs. Simultaneously,
10 ml milk from each quarter was collected in sterile tubes
and properly identified to be submitted to PCR diagnosis of
VACV. After collection, samples were stored under refrig-
eration in an isothermal container with ice and immediately
sent to the laboratory for microbiological analysis.

Microbiological culture was carried out according to the
standard procedures of the National Mastitis Council
(1999). Briefly, 10 ml each milk sample was cultivated asep-
tically onto defibrinated sheep blood agar (5 %) and
MacConkey agar. Plates were incubated aerobically at 37 uC
and read after 24, 48 and 72 h. Intramammary infection was
defined as the presence of three or more colonies of the same
type of micro-organism (National Mastitis Council, 1999).
Milk samples that presented more than three different
colony types were considered to be contaminated. S. aureus
was differentiated from other staphylococci based on con-
ventional phenotypic methods, including coagulase, alkaline
phosphatase and urease reactions, a DNase test, haemolysis
and pigment production, mannitol and maltose fermenta-
tion, aesculin hydrolysis, and susceptibility to novobiocin
(5 mg) and polymyxin B (300 IU) (Quinn et al., 2011).

Milk aliquots were also collected in tubes containing a
preserver (bronopol) in order to perform somatic cell
counts (SCCs) of the individual quarters (Somacount 300;
Bentley Instruments). Animals whose milk samples showed
.200 000 cells ml21, a positive CMT score (2+ or 3+) and
no clinical evidence of infection were classified as having
subclinical mastitis. Lesions in teats (papules, nodules,
vesicles, pustules, ulcers and scabs) were evaluated by
direct observation during milk collection. Samples of skin

lesions (scabs) and milk from the same quarter were
collected separately to prevent cross-contamination in the
identification of VACV DNA in laboratory assays. After
DNA extraction using a commercial kit (InvitekDNA),
samples from teat lesions and milk were submitted to
specific orthopoxvirus PCR for amplification of the A56R
VACV gene (Ropp et al., 1995). Statistical analysis was
carried out for the comparison of SCC values from positive
and negative cultures using the Mann–Whitney test, and
analysis of SCC values and the presence of virus and
bacterium in milk using the Wilcoxon matched-pairs test.

Diagnosis

None of the quarters was positive for clinical mastitis in
the strip cup test. Five animals had subclinical mastitis
(CMT positive) with SCC values of .200 000 cells ml21;
the same milk samples from these animals were also
positive for S. aureus culture and PCR for VACV (Table 1),
indicating the direct action of the bacterium (z53.33,
P50.008) or virus (z53.37, P50.008), or both agents
by the high SCC values (Table 2). From the 13 cows, 10
(76.92 %) had exanthemous and haemorrhagic lesions
represented by macules that evolved to vesicles, pustule,
and ulcers on the teats. Among these, five (38.46 %) animals
with subclinical mastitis were also positive for VACV DNA
in the PCR of milk and skin lesions (scabs) from the same
teat/quarter (Fig. 1). The remaining eight animals showed
SCC values of ,200 000 cells ml21 and negative staphylo-
cocci culture and VACV PCR in milk.

Discussion

Experimental intramammary inoculation with VACV causes
an inflammatory reaction in bovine mammary glands and
may increase SCCs (Easterday et al., 1959). Apparently,
VACV may be shed in the milk without causing mastitis or
clinical damage in the teat and/or udders. However, other
viruses that cause injuries in the udders and teats are
associated with mastitis (Singh et al., 2007; Inoshima et al.,
2009; Leonard et al., 2009). Viral infections mainly have an
indirect role in bovine mastitis by the damage they cause to
the teat and ductus papillaris, predisposing the tissue to
secondary bacterial infections. In addition, immunosuppres-
sion may lead to higher susceptibility to bacterial mastitis
(Wellenberg et al., 2002). According to Leonard et al. (2009),
teat or skin lesions contribute positively to intrammamary
infections and to the establishment of mastitis. In the current
study, all animals that were positive in culture were also
positive for VACV detection by PCR in milk and in teat
lesions (Table 1). BPXV, which is closely related to VACV,
has invariably been associated with mastitis in almost 50 %
of buffaloes that were affected (Singh et al., 2007). In
addition, cases reported in the UK and Japan showed BPSV
bovine mammillitis with extensive proliferative scabs and
concomitant S. aureus infections that contributed to mastitis
development.
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SCC values (Table 2) of the animals with positive results
(staphylococci cultures and VACV PCR from the same
milk sample) were higher than the negative (PCR for
VACV and S. aureus) animals, suggesting the direct or
indirect action of the agents in the mammary gland.
However, there is the possibility that subclinical mastitis
already existed and the virus contributed to the SCC
values. Pyorala and Taponen (2009) showed that staphy-
lococci species can cause persistent infection, resulting in
increased numbers of somatic cells in milk. Staphylococci
are recognized as one of the most common micro-
organisms isolated in mastitis cases. S. aureus is considered
the major pathogen involved in subclinical bovine mastitis
(Rall et al., 2014). All animals that were VACV positive in
PCR of milk samples and showed positive cultures had
ulcerated lesions and SCC values of .200 000 cells ml21,
reinforcing the suggestion that staphylococci may cause

an increase in SCCs. In some cases, virus can cause
immunosuppression, predisposing the animal to secondary
mastitis (Wellenberg et al., 2002). According to Miltenburg
et al. (1996) and Wedderkopp (1997), 20–35 % of bovine
mammary infections have an unknown aetiology. There
are no experimental studies demonstrating this intramam-
mary coinfection as the cause of increased cell counts. In
such cases, it is not possible to determine which agent was
the first to colonize the mammary gland, the staphylococci
or VACV. In contrast, the three animals that were negative
(CMT/lesions/culture/PCR) showed that there were
healthy udders in the herd.

Despite the low SCC values and positive PCR result in teat
scabs with negative microbiological culture for S. aureus, it
could be inferred that VACV did not invade the mammary

Table 1. Different diagnostic tests used to confirm S. aureus and VACV intramammary coinfection in an outbreak of VACV in Brazil,
2010

Animal CMT (score) SCC (cells ml21) Lesions in

teats

Microbiological isolation

of bacteria

PCR of VACV (from milk

or teats lesions)*

Cow 1 Positive (+++) 240 000 Yes S. aureus Positive (milk and scabs)

Cow 2 Negative 10 000 No Negative Negative

Cow 3 Positive (+++) 290 000 Yes S. aureus Positive (milk and scabs)

Cow 4 Positive (+++) 230 000 Yes S. aureus Positive (milk and scabs)

Cow 5 Positive (+++) 6 012 000 Yes S. aureus Positive (milk and scabs)

Cow 6 Negative 10 000 No Negative Negative

Cow 7 Negative 50 000 Yes Negative Positive (only in teat lesions)

Cow 8 Positive (+++) 640 000 Yes S. aureus Positive (milk and scabs)

Cow 9 Negative 13 000 Yes Negative Positive (only in teat lesions)

Cow 10 Negative 10 000 No Negative Negative

Cow 11 Negative 11 000 Yes Negative Positive (only in teat lesions)

Cow 12 Negative 10 000 Yes Negative Positive (only in teat lesions)

Cow 13 Negative 11 000 Yes Negative Positive (only in teat lesions)

*PCR-positive results for VACV DNA in scabs on teats, in milk or in both samples.

Table 2. Comparison of SCC values (cells ml21) between
positive (S. aureus culture and VACV PCR in milk) and
negative (S. aureus and VACV in milk) animals

Characteristic Positive Negative

Number of

animals

5 8

Mean 1 482 000 15 625

Median 290 000 10 500

SD 2 538 000 13 928

Minimum 230 000 10 000

Maximum 6 012 000 50 000

Geometric mean 572 674 12 941

10 % percentile 230 000 10 000

25 % percentile 235 000 10 000

75 % percentile 3 326 000 12 500

90 % percentile 6 012 000 50 000
Fig. 1. VACV lesions in bovine teats. Note several haemorrhagic
and ulcerated pustules.
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gland (PCR of milk was negative) in order to contribute to
the establishment of mastitis. In contrast, although the
methodology calls for aseptic techniques in collecting the
samples, there is a possibility that the DNA of VACV
found in milk came from the teat injuries. Negative micro-
biological culture of milk combined with positive PCR of
lesions could be explained by a number of factors: (1) a
low concentration of udder pathogens; (2) the presence of
micro-organisms that are difficult to cultivate, including
yeasts and viruses; (3) inappropriate conservation and trans-
port of the samples; and (4) low sensitivity of bacteriological
culturing of individual milk samples (Wellenberg et al.,
2002).

The detection of VACV in milk does not prove that the
virus is the cause of the mammary infections, or that
VACV is indirectly involved in mastitis cases due to immu-
nosuppression of the mammary gland or to increased milk
SCCs. The real impact of VACV as a primary cause of
mastitis was not clear in this outbreak. Besides, teat lesions
induced by viruses might have resulted in secondary
bacterial mastitis (Sambyal et al., 1983). No matter which
primary micro-organism is involved, teat lesions may be
associated with intramammary infections, and it is suggested
that coinfection caused an increase in SCCs compared with
animals that were negative for bacterial culture and for PCR
of milk (Tables 1 and 2).

In conclusion, we observed an intramammary coinfection
by VACV and S. aureus causing bovine subclinical mastitis
in a VACV outbreak, suggesting that VACV action may
predispose animals to subclinical mammary infections
by staphylococci and an increase in SCC values. This
intramammary coinfection with VACV disseminated in the
herd suggests that this virus should be further studied in
bovine vaccinia outbreaks that are related to mastitis cases.
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