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A retrospective study of poxvirus infections diagnosed in cattle from Goias state (GO),
Brazil, from 2010 to 2018, was performed. All cases have been investigated by the GO Official
Veterinary Service (Agrodefesa), from which technical forms and protocols of veterinary
diagnosis laboratories were reviewed. In most cases, samples of oral or cutaneous tissues
and/or swabs were submitted for virological diagnosis by polymerase chain reaction (PCR)
and/or virus isolation. Thirty seven outbreaks/cases of vesicular disease were notified in
cattle of 25 counties; in 33 cases the animals presented lesions clinically compatible with
poxviruses. The etiology of 25 out of 33 outbreaks/cases was confirmed as poxviruses by
PCR and/or viral isolation: 13 as bovine vaccinia virus (VACV), six as pseudocowpox virus
(PCPV), five as bovine papular stomatitis virus (BPSV) and one coinfection (VACV and an Orf
virus-like parapoxvirus). The laboratory confirmed that cases occurred mainly in dairy cattle
(19/25) and during the dry season (22/25). In adult cattle, gross changes were observed
mainly in the teats and udder and included vesicles, ulcers, crusts, papules and scars and
varied of type, severity and affected region, depending on the poxvirus species. In calves,
the main lesions were ulcers in the mouth and muzzle. Zoonotic lesions compatible with
poxvirus infections were observed for all diagnosed poxviruses, affecting especially the
hands of milkers and other farm workers. Our data demonstrate the sanitary and economic
relevance of these diseases and the wide circulation of different poxviruses in cattle from GO.

INDEX TERMS: Bovine papular stomatitis virus, diseases of cattle, poxviruses, pseudocowpox virus,

VACYV, cattle, Brazil.

RESUMO.- [Estudo retrospectivo de poxviroses diagnosticadas
em bovinos no estado de Goias (2010-2018).] Foi realizado um
estudo retrospectivo das infecgdes por poxvirus diagnosticadas
em bovinos do estado de Goias (GO), entre 2010 e 2018. Todos
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os casos foram investigados pela Agéncia Goiana de Defesa
Agropecudria (Agrodefesa). Foram revisados formularios técnicos
e protocolos de laboratérios de diagnoéstico veterinario. Na
maioria dos casos, amostras de tecidos orais ou cutaneos e/ou
swabs foram encaminhadas para diagndstico virolégico. Foram
notificados 37 surtos/casos de doenca vesicular em bovinos
em 25 municipios; em 33 casos os animais apresentavam
lesdes clinicamente compativeis com poxvirus. A etiologia
de 25 de 33 surtos/casos foi confirmada como poxvirus por
PCR e/ou isolamento viral: 13 como virus vaccinia (VACV),
seis como virus pseudocowpox (PCPV), cinco como virus da
estomatite papular bovina (BPSV) e um caso de coinfeccdo
(VACV e um parapoxvirus semelhante ao Orfvirus). Os casos
confirmados laboratorialmente ocorreram principalmente em
bovinos leiteiros (19/25) e durante a estagdo seca (22/25). Em
bovinos adultos, alteracdes macroscopicas foram observadas
principalmente nas tetas e tibere e incluiram vesiculas, dlceras,
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crostas, papulas e cicatrizes e variaram quanto ao tipo, gravidade
e regido afetada, dependendo da espécie do poxvirus. Em
bezerros, as principais lesdes foram ulceras na boca e focinho.
Lesdes zoondticas compativeis com infeccdo por poxvirus
foram observadas em todas as poxviroses diagnosticadas,
afetando principalmente as maos dos ordenhadores e outros
trabalhadores rurais. Nossos dados demonstram a relevancia
sanitaria e econdmica dessas doengas e a ampla circulagio de
diferentes poxvirus em bovinos de GO.

TERMOS DE INDEXACAO: Virus da estomatite popular bovina, doengas
de bovinos, poxviroses, virus pseudocowpox, VACV, bovinos, Brasil.

INTRODUCTION

Cattle’s vesicular diseases are caused by a heterogeneous
group of viruses. These infections present relevant sanitary
and economic importance around the world, such as foot-and-
mouth disease (FMD), vesicular stomatitis (VS), bovine vaccinia
(BV), bovine papular stomatitis (BPS), herpetic mammillitis
(BHM) and pseudocowpox (PCP). Malignant catarrhal fever
(MCF) and bovine viral diarrhea/mucosal disease (BVD/MD)
should also be included in the differential diagnosis, since they
may cause similar cutaneous, mucous and mucocutaneous
lesions (Riet-Correa et al. 1996, Mauldin & Kennedy 2016).
FMD is considered the most important vesicular disease, due
to the serious restrictions and economic embargoes imposed
to countries/regions in which the disease occurs (Riet-Correa
etal. 1996, Lubroth 2002).

Outbreaks/cases of poxvirus-associated disease have
been reported in some Brazilian regions in the recent years,
affecting mostly dairy cows and milkers. BV has been described
in Southeastern country (Trindade et al. 2003, Leite et al.
2005, Lobato etal. 2005, Trindade et al. 2007, Schatzmayr et
al. 2009), PCP and BPS in Northern (Cargnelutti et al. 2014)
and Southern regions (Cargnelutti et al. 2012). In addition,
cases of coinfection with two or three distinct poxviruses
have also been reported in some regions (Trindade et al.
2006, Campos etal. 2011, Laguardia-Nascimento et al. 2017).

The first studies confirming infections by poxvirus in cattle
from Brazilian Midwestern were published early in this century
(Nagasse-Sugahara et al. 2004). Recently, an additional study
performed in Distrito Federal demonstrated that vaccinia
virus (VACV) is the most common poxvirus circulating in
cattle in this region, followed by pseudocowpox virus (PCPV),
bovine papular stomatitis virus (BPSV); cases of coinfection
by PCPV and BPSV were also described (Alonso et al. 2020).

Goidsis a Brazilian Midwestern state currently holding over
22 million cattle and it is considered the fourth largest dairy
producer of Brazil (IBGE 2020). In addition to the public health
and economic importance, the lack of field and laboratorial
data affects the knowledge about the epidemiology of these
infections in the state. Furthermore, official data about the
occurrence, morbidity and epidemiology of poxviruses affecting
cattle in Goias state is scarce. Thus, the current study aimed
to describe the epidemiological, clinical and pathological
aspects of poxviruses diagnosed in cattle in Goias State, Brazil,

during nine years (2010-2018).
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MATERIALS AND METHODS

A retrospective and descriptive study of cases of bovine poxviruses
diagnosed and notified in Goias state, Brazil, between 2010 and 2018
was performed. These data were kindly provided by the Program of
Animal Sanity of “Agéncia Goiana de Defesa Agropecuaria” (Agrodefesa),
from Goias, Brazil. The cases were diagnosed by notification of farmers,
veterinarians or general population to Agrodefesa (passive surveillance).
After official communication, technical visits were performed in farms
to investigate and confirm vesicular lesions in cattle. In addition,
protocols and reports of “Laboratério de Patologia Veterinaria” (LPV)
of “Universidade Federal de Jatai” (UF]), of “Laboratério de Diagnéstico
Patolégico Veterinario” (LDPV) of “Universidade de Brasilia” (UnB)
and technical forms of Agrodefesa were reviewed. These documents
had detailed information about each case/outbreak occurring in Goias,
such as species, age, sex, breed, clinical signs, epidemiological data
[locality, period of the year, type of activity (dairy, beef and mixed)
and morbidity data], laboratorial findings, gross changes, definitive
diagnosis and human involvement.

During the technical visits to farms, atleast 5-8% of the animals
of the herd were clinically examined. When animals presented gross
lesions compatible with poxviruses (vesicles, papules, pustules,
ulcers, scabs or scars), swabs and tissue/lesion fragments (approx.
0.8cm?) were collected, after physical restraint and local anesthesia
(2-5mg/kgoflidocaine chloride 2%). These samples were stored in
isothermal boxes and immediately sent to the laboratory to perform
virological diagnosis, where they were stored at -80°C. All collected
cases were first evaluated by Agrodefesa veterinarians to discard a
possible case of FMD or VS.

Seventeen cases were submitted to quantitative PCR in the
“Laboratério de Viroses de Bovideos” (LVB) of the “Instituto
Biolégico” (IB-SP), in Sdo Paulo, Brazil, according to Silva et al.
(2018). Molecular diagnosis was performed by a multiplex PCR in
eight cases/outbreaks, for simultaneous detection of BPSV, PCPV,
VACV and Bovine alphaherpesvirus 2 (BoHV-2) in the “Setor de
Virologia” of the “Universidade Federal de Santa Maria”, Santa Maria,
Brazil, according to Cargnelutti et al. (2017).

This study was approved according to the Ethical Principles of
Animal Care and Research and under Ethics Committee on Animal Use
(CEUA) (protocol number 122/17) and by the Ethics and Research
Committee (CEP) (number report 2.509.406), “Universidade Federal
de Goias”, Brazil.

All form-ins (Agrodefesa) and protocols/reports from the
archives of the two laboratories (LPV-UF] and LDPV-UnB) in the
above-mentioned period were reviewed. With this, information
was acquired for each case/outbreak, corresponding to age, sex,
clinical signs, epidemiological data (county, time of the year, type
of breeding, morbidity rates), macroscopic lesions and definitive
diagnosis. In addition, data referring to human exposure (milkers)
who have developed similar vesicular/pustular lesions were also
analyzed (number of susceptible and affected, age, sex, location and
type of lesions, evolution and symptoms).

RESULTS

Thirty-seven outbreaks of vesicular disease in cattle were
notified in 25 counties of Goias state, during the monitored
period; from which 25 were associated with poxvirus infections:
VACV (13), PCPV (6), BPSV (5) and a coinfection by VACV/
Orf virus-like parapoxvirus (1). Eight outbreaks presented
epidemiological, clinical and pathological findings compatible
with poxviruses, including concomitant human infections,
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yet virological/molecular diagnosis was not performed. In
addition, four other cases were interpreted as associated
with mechanical/traumatic factor.

The positive cases were identified mainly in the Southern
mesoregion (16/25), followed by Central (4/25), Northwestern
(3/25), Eastern (1/25) and Northern (1/25) (Fig.1, Table 1).
Figure 2 shows the distribution of these diseases per year. During
the technical visits to the farms, other domestic animals (such
as pigs, goats, sheep, and horses) were clinically evaluated and
none presented oral and/or cutaneous lesions. Considering
general data, independently of the diagnosed poxvirus, dairy
cattle were more affected (19/25), followed by mixed (3/25)
and beef (1/25). In two cases (2/25), the herd purpose was
notinformed. The positive cases were concentrated mainly in
the dry season (22/25), which occurs from April to October.

Eight out of 13 outbreaks of BV were published previously
(Sant’Ana et al. 2013a). Table 2 presents the epidemiological
and clinical data of the additional outbreaks (five) of these
poxviruses. The cases occurred in the mesoregions Center
(Ipora, Ouro Verde de Goias, Uruana), Northwestern (Santa
Fé de Goias) and Southern (Joviania), with one outbreak in
each county. Breeding systems of the farms with positive cases
included three dairy and two mixed activity. Four outbreaks
occurred in the dry season and another one in the rainy season.

In all outbreaks of BV, some epidemiological factors could
be associated with the disease, such as the milk transport
routes, trucks and people that simultaneously worked in
many farms. In one outbreak, cattle presented lesions after
the introduction of a new pelleted food. Cows (3-10 years)
and calves (1-8 months) represented the affected categories.
Gross changes consisted mainly on focal or multifocal lesions,
such as ulcers (4/5), vesicles (3/5), crusts (3/5) and, less
commonly, macules, in the teat and udder. Ulcers restricted
to the mouth, tongue or muzzle were observed in calves, with
clinical course ranging from 12 to 20 days.

Cases of human infection in milkers or other farm workers
were detected in three out of five outbreaks of BV, making
up nine human cases. The symptoms included body pain,
general malaise, headache, fever and localized lesions in
hands, fingers, mouth and arms, such as ulcers and crusts.

® Bpsv
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Fig.1. Poxviruses diagnosed in cattle in Goias State, Brazil (2010-
2018). Zoomed-in map shows the mesoregions with positive cases.
Circle inside mesoregions indicate the confirmed poxviruses and
number of cases. Vaccinia virus (VACV), pseudocowpox virus
(PCPV), bovine papular stomatitis virus (BPSV).

In one outbreak, the farm was notified and investigated only
after the affected milkers sought to medical assistance in the
municipality. In this outbreak, the wife of one sick milker also
presented ulcerative lesions in her mouth. In some cases,
these workers remained 2-4 days away from work.

Six outbreaks of PCPV-associated disease were diagnosed in
all mesoregions: two in Northwestern (Sao Miguel do Araguaia
and Faina), one in Northern (Uruagu), one in Center (Ceres), one
in Eastern (Cocalzinho de Goias) and another one in Southern
(Piracanjuba) (Table 3). Most cases (4/6) occurred in the dry
season. Three outbreaks (3/6) were diagnosed in dairy cattle
affecting cows and calves, and only one case was observed in
beef steers. There was no information of the breeding system
in two outbreaks. Vehicles, including milk trucks, transit of
workers among farms and proximity with a busy highway
were implicated with possible sources of infection in one
outbreak. The gross lesions observed were ulcers (1/6), scars
(2/6) and crust (2/6) in the teat and udder of cows and ulcers
in the muzzle and mouth of calves. Multifocal ulcers affecting
the gum and the ventral aspect of the tongue were detected
in an outbreak in beef cattle. Human infection was observed
only in one outbreak, in which the milker presented pustules
in his finger after contact with affected cattle.

Four out of five outbreaks of BPS were reported previously
(Sant’Ana et al. 2012). The fifth outbreak occurred in the
mesoregion Southern (Jataf), in October 2014 (dry season).
Only one adult cow of a farm with mixed activity presented

Table 1. Mesoregion and county distribution of 25 cases
of poxviruses diagnosed in cattle, from 2010 to 2018, in the
Goias State, Brazil

Number of cases

Mesoregion and county

VACV PCPV BPSV CI

Center

Ceres - 1 - -

Ipora 1 - R N

Ouro Verde de Goias 1 - - -

Uruana 1 - - R
East

Cocalzinho de Goias - 1 - -
North

Uruacu - 1 - -
Northwest

Faina 1 _

Santa Fé de Goias 1 - - -

Sdo Miguel do Araguaia - 1 - -
South

Buriti Alegre 1 - - -

Edéia 1 - R N

Jatai - - 5 1

Joviania 1 - - R

Mineiros 1 - - -

Piracanjuba - 1 - .

Pontalina 1 - - -

S30 Jodo da Parauna 1 - - -

Varjao 3 - - -
TOTAL 25

VACV = vaccinia virus, PCPV = pseudocowpox virus, BPSV = bovine papular
stomatitis virus, CI = coinfection VACV and Orf virus-like parapoxvirus.

Pesq. Vet. Bras. 42:e07014, 2022
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multifocal crusted ulcers affecting udder and teat that
remained by 12 days. There were no reported cases of human
involvement in this outbreak.

In addition, one additional outbreak of coinfection by
two poxviruses (VACV and Orf virus-like parapoxvirus) was
confirmed in dairy cows associated to human infection in
Jatai (Southern mesoregion). This last outbreak had been
published previously (Sant’Ana et al. 2013b).

In 13 out of 37 notified cases, some of them were suspected
(5/13) and others poxviruses confirmed (8/13). The measures
adopted on the farm by the local official veterinary service
included temporary interdiction/closure of the farms, isolation
of animals with clinical lesions and disinfection and/or
cleaning of the teats.
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Fig.2. Number of cases according to distribution per year (2010-2018)
of 25 outbreaks of poxviruses diagnosed in cattle in the Goids
state, Brazil. Vaccinia virus (VACV), bovine papular stomatitis
virus (BPSV), pseudocowpoxvirus (PCPV).

DISCUSSION AND CONCLUSION

Aretrospective study of cases/outbreaks of bovine poxviruses
in a Brazilian midwestern State demonstrated the high
importance of these viruses for dairy and beef cattle production
in this region. Some cases have already been published, but
due to the high relevance to the data of the study, they were
included in the discussion.

The epidemiological, clinical and pathological findings of
the 37 investigated notifications of vesicular and exanthematic
disease in cattle were compatible with the suspicion of
poxviruses, yet the virological diagnosis was confirmed in
67.57% (25/37) of the outbreaks. Eight outbreaks with highly
similar epidemiological and pathological characteristics,
including human infections, had no virological confirmation.
Possibly, some problem related to sample collection
(superficial or insufficient samples, for example) and/or
conservation (inappropriate temperature, for example) may
have compromised the laboratory diagnosis. In addition, other
infectious diseases could be involved in these cases, such as
malignant catarrhal fever, bovine viral diarrhea (mucosal
disease) and BoHV-2, among others.

In the last decades, cases/outbreaks of poxvirus infections
have been diagnosed in cattle in various countries, including
Brazil. In this country, scattered outbreaks of these diseases
affecting one or few farms have been reported, especially in
Southeastregion (Trindade etal. 2003, Leite et al. 2005, Lobato
etal. 2005, Megid et al. 2008). A recent study demonstrated
the presence of these poxviruses in cattle from a region
of Brazil Midwestern, Distrito Federal. VACV was the most
common poxvirus diagnosed in this region, between 2015
and 2018 (Alonso et al. 2020). For the first time, a large

Table 2. Epidemiological, clinical and pathological findings of five outbreaks of bovine vaccinia, from 2014 to 2018, in
Goias State, Brazil

No. Month/year Total herd Affected herd Clinical course Possible source of Type qf Gross findings Human
and county (days) infection exploration involvement
1 June/2014, Calves - 24 Calves -0 15 Milk trucks, transit Dairy Dry vesicles, teat No
Uruana Heifers/steers - 15 Heifers/steers - 0 of people among
Cows - 23 Cows - 16 (3-6 years) farms
Bulls - 1 Bulls - 0
2 August/2015, Calves - 19 Calves - 5 NI Transit of cattle, Mixed Cows - Macules, Yes, two
Ipora Heifers/steers - 7 Heifers/steers - 0 milk trucks, transit vesicles, ulcers, milkers
Cows - 34 Cows - 33 (3-7 years) of people/ workers and dark crusts,
Bulls-1 Bulls - 0 among farms teat and udder.
Calves - ulcers,
mouth and
muzzle
3 July/2016, Calves - 52 Calves - 4 NI Milk trucks, transit Dairy Cows - ulcers Yes, six
Joviania Heifers/steers - 40 Heifers/steers - 0 of people/ workers and crusts, teat. workers
Cows - 76 Cows - 10 (3-6 years) among farms Calves - ulcers, and/or
Bulls - 2 Bulls - 0 tongue milkers
4 July/2017, Calves - 35 Calves - 3 20 Introduction of a Mixed Cows - ulcers Yes, one
Santa Fé de Heifers/steers - 0 Heifers/steers - 0 new ration and crusts, teat. milker
Goias Cows - 40 Cow - 30 (4-10 years) Calves - ulcers,
Bulls-1 Bulls - 0 muzzle
5 February/2018, Calves -9 Calves - 0 12 Milk trucks, transit Dairy Vesicles and No
Ouro Verde de  Heifers/steers - 13 Heifers/steers - 0 of people/ workers ulcers, teat and
Goias Cows - 20 Cows - 1 (5 years) between farms, udder
Bulls - 1 Bulls - 0 proximity with

NI = not informed.

Pesq. Vet. Bras. 42:e07014, 2022
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investigation evaluating epidemiological and pathological
aspects of bovine poxviruses was performed in Goias state
using official data and results of passive surveillance in all
mesoregions of the state. Considering the general data, dairy
cattle was the most affected category (76%), followed by
mixed (12%) and beef (4%).

Out of the cases with etiologic confirmation in the current
study, VACV was the most frequent poxvirus (52%), followed
by PCPV (24%) and BPSV (20%). Other additional cases of
mixed infection by VACV and Orf virus-like parapoxvirus (4%)
were identified. A recent study performed in a neighboring
Brazilian federative unit showed that the same poxvirus infect
cattle of the region with very similar frequencies: 51.92%
to VACV, 17.31% to PCPV, 15.38% to BPSV and 9.62% to
coinfection (PCPV/BPSV) (Alonso et al. 2020). Outbreaks of
bovine parapoxviruses have also been diagnosed in other
Brazilian regions (Cargnelutti et al. 2012, Cargnelutti et al.
2014) and in other countries, such as United States (Moeller
Jr. et al. 2018), Japan (Inoshima et al. 2009), Turkey (Sevik
2019), South Korea (Oem et al. 2013) and Bangladesh
(Lederman et al. 2014).

In the current study, the positive cases were observed
in all mesoregions of the state, demonstrating that these
poxviruses circulate widely in the local bovine herds, but most
cases were concentrated in Southern mesoregion. Similar
data were detected in a study performed in a federative unit
neighbor to Goiads (Alonso et al. 2020). Probably, highest
notification of cases in the southern mesoregion occurred
because this zone is one of the regions with the highest dairy
productivity in the state. In the last years, the southern and
eastern mesoregions had the greatest growth in the dairy
activity, and the central and southern regions were the ones
that obtained the greatest productivity per cow between

2002 and 2011 (Silva & Silva 2014). Other important aspect
is the frequent circulation and transport of cattle from other
neighboring states to Goids, such as Minas Gerais, Bahia, Sdo
Paulo and Distrito Federal, where spontaneous outbreaks of
these poxviruses were notified in the last decades (Lobato et
al. 2005, Assis etal. 2015, Laguardia-Nascimento et al. 2017,
Alonso et al. 2020).

For all poxviruses, a high number of cases was observed
during the dry season. Probably, this seasonal trend is related
to higher risk of trauma in the teats in dry season, due to the
dryness of the skin (Lobato et al. 2005, Assis etal. 2015). BV
was diagnosed in three mesoregions, but predominantly in
Southern. Most cases was observed in dairy cattle (11/13)
in the dry season (12/13), as detected by other (Leite et al.
2005, Lobato et al. 2005, Assis et al. 2015, Silva et al. 2018,
Alonso et al. 2020). The clinical course varied of 12 to 45
days and the lesions consisted mainly of vesicles, ulcers and
crusts affecting the teat and udder of cows. In calves, crusted
ulcerative lesions predominated in muzzle and mouth (palate
and gum). In eleven outbreaks (11/13), milkers that had close
contact with the affected animals developed concomitant
vesicular disease. Very similar clinical and pathological findings
were also detected previously in cattle and humans of other
regions (Trindade etal. 2003, Lobato etal. 2005, Schatzmayr
et al. 2009). In a recent study, cows and heifers presented
predominantly VACV-associated oral lesions (Alonso et al.
2020) and, occasionally, vulvar papular lesions have been
described in cows infected by VACV (Moeller Jr. et al. 2018,
Alonso et al. 2020).

The transit of milk trucks among farms and people
that simultaneously worked in many affected farms were
considered important risk factors to BV in our study, as
noticed previously (Lobato et al. 2005). Other studies have

Table 3. Epidemiological, clinical and pathological findings of outbreaks of pseudocowpox virus (PCPV), from 2010 to 2018,
in the Goias State, Brazil

No. Month/year Total herd Affected herd Clinical course Poss¥ble source Type qf Gross findings ' Human
and county (days) of infection exploration involvement
1 July/2014, NI NI NI NI NI NI NI
Sao Miguel do
Araguaia
2 September/2014, Calves - 123 Calves - 0 7 NI Beef Ulcers, gum and No
Uruagu Heifers/steers - 720 Heifers - 0 tongue (ventral
Cows -0 Steers - 2 aspect)
Bulls - 22 Cows - 0
Bulls - 0
3 January/2015, NI NI NI NI NI NI NI
Cocalzinho de
Goias
4 October/2016, Calves - 16 Calves - 5 30 Milk trucks Dairy Cows - ulcers and Yes, one
Faina Heifers/steers - 10  Heifers/steers - 0 crusts, udder and teat. milker
Cows - 34 Cow - 8 (4-10 years) Calves - ulcers, muzzle (pustule in
Bulls - 1 Bulls - 0 and mouth finger)
5 December/2016, Calves - 3 Calves - 0 15 NI Dairy Crusts and scars, teat No
Piracanjuba Heifers/steers - 5 Heifers/steers - 0
Cows -5 Cows - 1 (6 years)
Bulls - 0 Bulls - 0
6 July/2017, Calves - 16 Calves -0 8 Vehicles, transit Dairy Crusts and scars, teat No
Ceres Heifers/steers - 8 Heifers/steers - 0 of workers,
Cows - 18 Cows - 1 (8 years) proximity with
Bulls - 0 Bulls - 0 highway

NI = not informed.

Pesq. Vet. Bras. 42:e07014, 2022
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noted a relation between VACV infection and the probable
transmission of the virus in milk tanks (Lobato et al. 2005)
and waste transportation to a public collection site (Peres et
al. 2013). According to a study performed in Amazon biome
investigating the causes of VACV outbreaks in the region,
the main cause of the spread of viruses at a distance was the
movement of animals, while the migration of dairy workers
was involved in focal dissemination (Quixabeira-Santos et
al. 2011).

Humans, mainly milkers (in some cases, their close
relatives), presented classic poxvirus lesions in 11 out of
13 outbreaks of VACV, comprising 20 affected people. Main
symptoms included painful lesions in the hands, neck and face.
Similar symptoms have been described in other outbreaks
with human involvement (Nagasse-Sugahara et al. 2004,
Megid et al. 2008, Silva et al. 2008, Schatzmayr et al. 2009).
In comparison with other zoonotic vesicular diseases, BV
appears to affect more severely humans having contact with
affected cattle (Biittner & Rziha 2002, Silva-Fernandes et
al. 2009). In the current study, the affected milkers stayed
two or four days out of work under medical care. Horizontal
transmission between humans had already been reported
(Lobato et al. 2005, Batista et al. 2009, Oliveira et al. 2014),
and was identified in two outbreaks of this study.

PCPV infection was the unique poxvirus diagnosed in all
mesoregions of the state. The disease occurred predominantly
in the dry season, specially affecting dairy cows and, less
frequently, calves and steers. Gross changes included ulcerative
and crusted lesions in the teat and udder of cows and oral
ulcers in calves. Similar lesions have been observed in other
investigations (Cargnelutti etal. 2014, Lederman et al. 2014).
In some cases, chronic inter-digital ulcerative changes can
occur (Alonso et al. 2020). In addition, ulcers affecting the
gum and tongue of beef steers were noted in an outbreak of
the current study.

There was only one outbreak with PCPV-associated human
cases. Zoonotic lesions caused by bovine parapoxviruses
appear to be less severe comparing with VACV. Usually, local
injuries on the hands and fingers which can be aggravated by
secondary bacterial infection are observed (Biittner & Rziha
2002, Lemos & Riet-Correa 2007).

In the current study, the five outbreaks of BPS were
diagnosed in a same county (Jatai) of the Southern mesoregion,
during the dry season, in 2010 and 2014. Dairy cows were
affected in all outbreaks and presented painful papular and
ulcerative lesions, mainly on the teats. Usually, this disease
is more common in calves and the lesions consist of papules
(often ulcerative) on the muzzle, lips and mouth (Brown et
al. 2007, Oem et al. 2013, Alonso et al. 2020).

BPS is considered a disease of low sanitary relevance by
some authors (Brown et al. 2007). Nevertheless, in four out
five outbreaks of this study the infection was economically
important, because promoted a decrease in milk production
and interruption of the lactation in the herds. In Northern
Brazil, some risk factors for BPSV and PCPV infections were
observed, such as free circulation among cattle of some farms,
early age of the affected animals (less than six months) and
the management of animals acquired from different farms
together (Cargnelutti et al. 2014).

Human cases with similar lesions in the hands were
detected in four out of five outbreaks of BPS. Nodules and
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pustules on the hands can be observed in infected people
(Bowman etal. 1981, Alonso etal. 2020). Additionally, regional
lymphadenitis, fever and general malaise may be observed
in occasional cases (Alonso et al. 2020).

Sporadic cases of coinfection by two or three poxviruses
have been described in cattle (Laguardia-Nascimento et
al. 2017, Alonso et al. 2020). One mixed infection by two
distinct poxviruses (VACV and Orf virus-like parapoxvirus)
was identified in our study, mainly in dairy cows from the
Southern mesoregion. The animals presented numerous
vesicles, painful papules and scabby proliferative lesions in
the teats and udder. Milker’s involvement was also identified
in this outbreak. Very similar epidemiological findings and
lesions were observed previously in cows in a coinfection by
PCPV and BPSV (Alonso et al. 2020). Coinfections by distinct
poxvirus have been confirmed also affecting horses in Southern
Brazil (Campos et al. 2011) and humans in Southeast Brazil
(Abrahdo et al. 2010).

In all cases evaluated of this study, the diagnosis of poxvirus
was established by PCR and, in some cases, additionally by
virus isolation. Other complementary techniques can help the
diagnosis of these viruses, such as histopathology (Alonso et
al. 2020), serology (Mota etal. 2010, Franco-Luiz et al. 2014,
Borges et al. 2017) and electronic microscopy (Trindade et
al. 2003, Leite et al. 2005, Schatzmayr et al. 2009, Brum et
al. 2010).

Possibly, more cases occur in field situations and the
notifications are not informed clearly and directly to the local
official veterinary service. The diagnosis and notification of these
diseases is reinforced, for greater control and consequently
less dissemination of these diseases. It is noteworthy that after
diagnosis, hygiene measures and temporary interdiction of
farms are generally carried out, so that we can thus reduce
the spread of the disease between the farms and the animals.
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