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RESUMO: Vaccinia bovina (VB) é uma doenga vesicular induzida pelo ™7

vesicular em ordenhadores no Brasil

1a virus (VACV) que afeta a produgdo de leite e é uma zoonose

ocupacional. Este trabalho teve os seguintes objetivos: (i) detec¢do de VACV por gPCR em bovmos com suspeita clinica de doenga vesicular;

(u) caractertzagao dos sintomas apresentados por animais e ordenhadores com suspeitg

wa da doenga e detecgdo do virus em humanos, e
5 brasileiros. Um total de 471 amostras de epitélio

bovino de fazendas leiteiras, em 15 estados brasileiros, foram avaliados entre 2007 e %G52. As amostras foram testadas por PCR quantitativa

das amostras positivas de VACV foram detectadas. Usando formuldrios oficiais d&
risco para infecgées por VACV em bovinos foram determinados como fazendas com

VACYV e foram imunizados com a vacina contra a variola humana. Houve um aumento na frequ
a sua diminui¢do natural na imunidade especifica. Demonstrou-se que a implementag¢do de téchicas de gest
sanitdrio sdo importantes para a preven¢do da VB em animais e seres humanos.
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es tecnologicas (P= 0,029) e presenga
ante a esta¢do seca. Um total de 420
apresentaram lesées vesiculares
cal (74,2%), cefaleia (20,7%),

otécnica e planejamento

INTRODUCTION

From the sanitary and economic standpoints,
differential diagnosis of vesicular diseases in cattle
is essential in countries where the milk and meat
production chains represent a significant source of
income and employment. Brazil is heading toward the

eradication of foot-and-mo
reason, the epidemiological s
diagnosis approaches of other
symptomatology that affect bovin
(BRASIL, 2007; BRASIL, 2009).

Bovine vaccinia (BV),
Vaccinia virus (VACV), a DNA virus
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Genus Orthopoxvirus (OPV), stands
ortant re-emergent zoonosis in Brazil
t al., 2000; TRINDADE et al., 2007;

al zoonosis that occurs
s that do not implement

The human sgiallpox virus was eradicated
in 1980, after a glokal serrfflon campaign
promoted by the World Health ization (WHO).
Vaccine had strains of VACYV, cross reacts with
other members of the Poxviri
the smallpox virus (DAMON, 2
al., 1988). At the end of this vacci
generation of people susceptible to
by several strains of OPV emerged (DAMASO,
2000; REYNOLDS et al., 2000).

This has been related to the

(LEITE et al., 2005; ASSIS et al., 2013; REHFELD
etal., 2017).

This study had the following objectives:
(i) detection of VACV infections by qPCR in cattle
with clinical suspicion of vesicular disease; (ii)
characterization of the symptoms presented by
animals and milkers with clinical suspicion of the
disease and the detection of the disease in humans;
and (iii) the identification of risk factors for VACV
infection in herds in several Brazilian states.

MATERIALS AND METHODS

A total of 471 bovine epithelium samples
with clinical suspicious of vesicular disease, collected in
15 Brazilian states between 2007 and 2012, were frozen
at -20° C before being sent and analyzed in the Bovine
Virus Laboratory (LVB) of the Animal Health Research
Center, Biological Institute of Sdo Paulo, accredited by
the Brazilian Ministry of Agriculture, Livestock and Food
Supply (MAPA) to carry out the diagnosis of vesicular
diseases (MAPA, 2014). After ruling out the presence
of the FMD virus at Lanagro Minas Gerais, the LVB
continued investigations to detect other viral agents
causing vesicular diseases. These clinical specimens
were collected and sent by veterinarians of the Animal

Health Defense Service from several Brazilian states,
with clinical and epidemiological data on foci of bovine
vesicular diseases, detailed on the Form for Initial
Epidemiological Investigation (FORM-IN).

The molecular analysis, quantitative PCR
(qPCR) for VACV, was performed on samples macerated
in 20% (w:v) suspension in Minimal Eagle Medium
(MEM), and 2% antibiotics (Potassium Penicillin
G11,200IU/mL; Streptomycin 0.0g/mL, Gentamicin
0.01g/mL, L-Glutamine 0.029g/mL and Amphotericin
B 0.5mg/mL). DNA samples were extracted using
Guanidine Isothiocyanate (GT) according to the
manufacturer’s instructions, and stored at -20°C.

The standard virus used as a positive control
was the Aracatuba vaccinia strain (ARAV, GenBank
accession number AF503169.1), in order to detect the
hemagglutinin (HA) gene (TRINDADE et al., 2003).
The standard curve quantification for the qPCR was
constructed using ARAV extracted and amplified by
conventional PCR using generic HA forward and
reverse primers, anneal on the nucleotides 156.705
to 156.730 (primer F-HA) and 156.848 to 156.870
(primer R-HA) (TRINDADE et al, 2008). DNA
fragments with approximately 183 base pairs (bp) were
successfully amplified, purified from agarose gel, using
the Wizard PCR Clean-Up kit (Promega™) following
aqufacturer’s instructions.

In order to determine qPCR standardized
vity, purified viral DNA concentration was
ed using the apparatus QuantiFluor™ Promega
dsDNA, according to manufacturer’s recommendations.
Concentration, value (35ng/ul) was transformed in

; A copies per microliter (1,7x10" copies
(). From this value, ten-fold serial dilutions

45uL of the macerated bovine
Y VACV) were done.

cycles at 95°C for 10s, 58°C for 4
with a melting curve at 95°C for
97°C for 5s, and cooling at 40°C for ¥s.
DNA VetMAX®-PlusqPCR Master Mix® was used as the
external control for qPCR with 2puL of this s
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added to_hach ARAV-negative sample, following the
man ’s instructions.

e standard virus and the extracted DNA of
epithghlum negative for VACV were submitted to three
i i ays, for validation and confirmation
iral sample load was determined
dard curve, expressed as DNA

e time of epithelium
the questionnaires
of risk factors were:
ing management, breeding

sy main activity,
e disease, cases

administered to ‘each faj
collection. The wvaz

animal category, sex,
system, type of farm,

exploratory (univariate) analysis |
(X?) or Fisher’s Exact Test (when
significant variables (p<0.05) were s
regression analysis by the forward Stepwise met
order to calculate the Odds Ratio (P<0.05

Questionnaires (420) were applid at local
public health care centers in different regions of Brazi

RESULTS

The analytic sensitivity of the gPCR,
performed with experimental contamination of bovine
epithelium samples, was validated with a threshold
detection of 10° (1.7x10° viral particles), corresponding
to 1 copy of DNA/uL, with a cycle threshold (Ct) of
approximately 35 of the last dilution detected. The assay
showed the following reaction values: Error= 0.0233;
Efficiency= 2.001; Slope =-3.320. The Melting curve
exhibited a single peak with a temperature (7m) of
78.33°C. VACV positive samples showed viral load of
5.0x10°to 5.0x10"' DNA copies/0,5mg of tissue, detected
between Ct values of 19.88 to 35.94 (data not shown).

Of the collected bovine epithelium samples,
45.1% (212/471) were positive for VACV detected by
gPCR. Highest frequencies of VACV infection in cattle
and highest VACV reports in humans were observed
in the states of Minas Gerais (MG), Sdo Paulo (SP),
Maranhdo (MA), Mato Grosso (MT) and Rondonia
(RO) (Figure 1).

The mean monthly distribution of BV cases
in cattle was concentrated between June to October,
considered to be the dry months in the states of Minas
Gerais and Sao Paulo. This indicates an occurrence of

order to obtain clinical and epidemiological inforftion outbreaks during the dry winter season in the southeastern
on VACYV infections in milkers from the same propdgties ion of Brazil (Figure 2).

where the bovine samples were collected, from which a Reports of disease outbreaks in cattle
descriptive epidemiological analysis was carried out. 5% (323/452) of the cases were made by

evaluated from several Brazilian states.

Figure 1 - Percentage of cattle infected by VACV (qPCR positive), and percentage of humans with suspected VACV lesiogs in the'tarms
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Figure 2 - Monthly distribution of VACRin cattle betwe

veterinarians of the Animal Health Defense Se
detected during epidemiological surveillange
actions. Other reports were made by owners 26.5
(120/452), and by third parties 2% (9/452). Timelines
involved in bovine outbreaks showed that the mean
time between the beginning of an outbreak and
communication of the suspected vesicular disease to
the health authorities was 15 days (15.33), the mean
time between the onset of the outbreak and the initial
visit was 21 days (20.63), and the mean time between
the onset of the disease and the reception of a sample
at LVB/IB was 21 days (20.63).

According to the FORM-IN information,
the properties were small and medium-sized, lacking
technical facilities in which dairy farming represented
the main activity associated with production of other
livestock such as poultry, swine and sheep. Animals were
mainly dairy cows, 94.9% (447/471), followed by beef
cattle, 2.5% (12/471), and mixed cattle 2.5% (12/471).
Considering the animal category, cows were the most
affected by VACYV, 96.6% (455/471), followed by calves
3.4% (16/471). In cows, vesicular lesions were located
in teats, 54.5% (257/471), udder and non-teats, 47.7%
(225/471), and in calves, 100% of lesions were in the
mouth and gingiva. In all the cases studied, only cows
in lactation and lactating calves that suckled directly
from cows with teat and udder lesions became clinically
ill. Regarding milking processes, 86% (405/471) of

2007 and 2012 totaling 192 cases.

farms used a traditional manual milking system. In
0 (308/434) of the cases it was determined that the
1ad mastitis.

The presence of rodents was reported on
304/406) of the farms. The probable origin
¢ disease was considered to be: proximity
between neighboring properties, 50.0% (207/414),
of an uni ifd origin 45.2% (187/414), and newly
Is 4.8% (20/414).
gows the results of the univariate

Nultivariate model. The final
cated two risk factors (odds
ipgerval): farms with lack of

ratio, 95% Confit
technology (2.645

questionnaires applied by the hy
(185/420) of the suspici

t al., 2003).
Of the individuals with sufpected diéea
(116/420) did not undergo labo di
the causative agent of the lesio

and 57 years old and only 9% (37/42
against smallpox (Table 2).

It was seen that 100% of the i
worked with cattle, and presented vesicul
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Table 1 - linivariate analysis of the variables related to the presence or not of VACV infection in cattle (* P < 0.05).
~ T NEGATIVE-------  —eemeeee POSITIVE-------- VALUE P
TOTAL % TOTAL %
Meat 5 24 7 33
Cattle Milk 205 97.2 204 96.2 0.846
Mixed 1 0.5 1 0.5
Cows 203 96.2 207 97.6
Animal categor: 0.393
Calves 8 3.8 5 24
Male 0 0.0 1 0.5
Sex 0.494 (F)
Female 211 100 205 99.5
Manual 182 87.5 181 87.9
Milking management . 0.910
nical 26 12.5 25 12.1
eding 135 64.9 146 70.9
Production system earing 59 28.4 41 19.9 0.110
14 6.7 19 9.2
) 1lking 194 93.3 193 93.7
Operations ) 0.863
ixed 14 6.7 13 6.3
1 87.0 187 93,0
Farm with technological aids Yes 2 10.6 14 7.0 0.034*
No informa 5 24 0 0.0
. . No 24.0 39 19.3
Primary activity 0.245
Yes 15 76.0 163 80.7
o . ) Own 181 9.5 183 98.9
Origin of sick animals >0.999 (F)
Introduced 1 2 1.1
Not identified 9 81 42.9
Neighborin,
Probable origin of disease gfarm £ 81 44.3 99 524 0.289
NewlyA acquired 11 6.0 9 48
animals
No 74 49 24.7
Cases of mastitis 0.004
Yes 120 1 75.3
Discarded 82 38.9
Destination of contaminated milk i 0.234
Used as animal 100 549 611
feed
Owner 52 25.0 62 30.7
Notification by Surveillance 154 74.0 0.124
Third parties 2 1.0
frod No 64 35.8 .
<
Presence of rodents Yes 115 642 0.001

their fingers/hands, 98.1% (412/420), and on their arms,

6.9% (29/420).

The most frequent clinical symptoms in
humans were: local swelling in 74.2% (312/420),
headache in 20.7% (87/420), fever in 10.4% (44/420),

and inguinal lymphadenopathy in 74.2% (312/420).

The most freque
420 humans were: analgesics
inflammatory drugs, 11.4% (48), a
(33). The type of medical care consult
patients was public, 72.6% (305), pri
or both, 20.2% (85). The clinical outco

ments in the
1% (339
antibiof

or duration
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Aistribution of suspected human cases with VACV
VN method according to age and whether
cinated or not vaccinated against smallpox.

N %

8 44
24-28 0 0 20 11
29-33 0 38 205
34-38 0 82 443
39-43 2 0 0
44-48 9 0 0
49-53 12 0
54-58 14

Subtotal 37 19.8

of clinical symptoms in the affected individuals w.
average two weeks long.

Although, VB is a self-limiting did¢ase
that weakens the patient and prevents him/her
working, only 0.9% (4/420) of the patients weig
admitted to the hospital and temporary absence from
work was not reported.

DISCUSSION

Differential diagnosis of vesicular diseases
is fundamental for the epidemiological surveillance
system (LANGUARDIA-NASCIMENTO et al.,
2016). Due to the impact of these diseases, Brazil
has a laboratory network in support of the PNEFA
(National Program for FEradication of Foot-and-
Mouth Disease), accredited by MAPA.

Quantitative PCR, in this research, showed
high sensitivity as reported in previous studies
(TRINDADE et al., 2008; YANG et al., 2007).
The use of SYBR Green in the diagnosis of VACV
demonstrated specificity in the differential diagnosis
of vesicular diseases, and speed and viability in
diagnostic laboratory routines.

Analyzing outbreak timelines, it was seen
that the average time between the beginning of the
outbreak and the arrival of a sample at the laboratory
was 20.63 days, which PNEFA considered late
(BRASIL, 2007). This delay was probably caused

. 0
1 8
Total 185 (100%) %

by late reporting, evidencing the need for health
education among farmers in order to raise awareness
of the importance of immediate reporting of suspected
cases of vesicular disease, making it possible to find
typical VACV lesions in the initial phase of clinical
disease. The critical point for epidemiological
surveillance systems of animal diseases is the early
detection of the pathogen to confirm the case, making
it possible to carry out emergency sanitary actions
to contain vesicular diseases (BRASIL, 2007).
Conversely, 71.5% of reports were made by official
veterinarians of the Animal Health Defense Service,
indicating that active epidemiological surveillance in
these regions has been carried out.

In the present research, cases of VACV
in cattle and humans were predominantly confirmed
in the states of Minas Gerais and Sao Paulo, regions
that are heavily focused on dairy farming, in which
several outbreaks of VACV have been reported in
dairy herds, domestic animals and humans (MEGID
etal., 2008; 2012; PERES et al., 2013; ABRAHAO et
al., 2015). These findings confirmed the presence of
several strains of VACYV, raising important questions
about the emergence and distribution of the virus in
Brazil, in the last decades, variants of VACYV, from
several states of Brazil, have been identified and
racterized as Cantagalo Virus (CTGV) (DAMASO
, 2000), Passatempo Virus (PSTV) (LEITE et al.
, Guarani Virus (TRINDADE et al., 2006) and
1aé Virus (TRINDADE et al., 2007).

The farms affected by BV suffered
osses, including a reduction in milk

economic

addition to Causing
causes a decre :

, mainly cows and calves
esions occurred

SIMONETTI et al., 2007).
Loaning  employ
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1 milking was also verified by
07). It should be emphasized

neutralizing antibodies
rattus captured in, the

et al., 2016). However
propertles of S3o Paulo
among domestic animals (cows

climatic condition for the disease. Similar res
were reported (LOBATO et al., 2005; ASSIS et al.
2015). Conversely, research carried out by other
authors disagree that there is seasonality, and consider
VB as an epidemic disease that occurs throughout
southeastern Brazil from January to December
(SILVA-FERNANDES et al., 2009).

Due to the fact that BV is a zoonosis,
when there was an outbreak of BV in cattle, there
were also reports of human cases. For this reason,
milkers, who came into constant and direct contact
with animals, were the most infected profession, a
fact also described by other authors (NAGASSE-
SUGAHARA et al., 2004; ABRAHAO et al., 2010).

According to the information present
in the 420 questionnaires applied at human health
care centers, the clinical symptoms presented
by the milkers were characteristic of poxviruses
(SANT’ANA et al., 2013). However, in 27.61% of
human cases with vesicular lesions suspected of
being VACYV, there was no laboratory confirmation,
due to the absence of local health care centers able
to perform the analysis, showing a deficiency in the
human health care system regarding the assistance of
this occupational zoonosis (SILVA-FERNANDES
et al., 2009).

Human medical care consulted was
predominantly public, probably due to the fact that
it is free. VB does not have a specific treatment,
so the treatment used by the patients consisted of
cleaning and local hygiene of the lesions associated
with medication such as antibiotics and analgesics, a
palliative treatment to alleviate pain and secondary
infections, as described by other authors (TRINDADE
et al., 2007). Both vaccinated and unvaccinated
patients against the smallpox virus had the same
symptoms and vesicular lesions caused by VACV
(SILVA-FERNANDES et al., 2009).

The last case of human smallpox occurred
in Somalia in 1977, and the disease was considered
eradicated by the WHO in 1980. As a result,
mass immunization with attenuated VACV was
discontinued, allowing for a decline in immunity
and resulting in increased Orthopoxvirus in humans
(WOLFS et al.,, 2002). The immunological state
of the population against OPV is an important risk
factor for re-emergence and cause of frequent VACV
infections.

In this study, only 19.98% of the infected
milkers reported having been immunized with the
human anti-smallpox vaccine. These were aged
etween 39 and 58 years, and there was increased
quency of smallpox in older individuals. This can
be gplained by the natural decrease of the specific
nity against the pathogen with advancing age. It
ilso reported an increase in the clinical frequency
VACYV 1in older vaccinated humans, because the
titers of vaccine antibodies decreased with advancing
ERNANDES et al., 2009; ABRAHAO
. This observation is of concern since it
individuals vaccinated against the
s may not be protected against
’ACV in Brazilian territory and

rtthg of cases. BV is an
occupational disease bli h importance and

should be notified.

CONCLUSION

including infections of the milker
as risk factors the absence of tech
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