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This study aimed to establish the prevalence of animals persistently infected (PI) with
bovine viral diarrhea virus (BVDV) in dairy farms at Parana State, Brazil. Samples were
collected from 6,465 female Holstein Friesian Dairy Cattle, including animals less than two
years old, females over two years old who had not given birth at the farm, and mothers of
calves diagnosed as persistently infected. The cattle came from 40 dairy herds distributed
in 10 municipalities in the State of Parana. The samples were obtained from May 2015 to
August 2018. The diagnosis of PI animals was made with an antigen-capture ELISA test. We
detected PI animals in fifteen herds sampled (37.5%), ranging from one to sixteen animals
per herd. The prevalence in Parana State’s municipalities was 1.78%, ranging from 0.3 to
8.9% at positive herds. The analysis of the individual herds shows significant dissemination
of the BVDV in Parana’s municipalities, including endemic areas. With this, we highlight the
need for measures to raise awareness among producers about the existence and importance
of bovine viral diarrhea (BVD) in dairy herds, reinforcing the PI animals’ role in disease
epidemiology and the economic impact caused by the maintenance of these farm animals.

INDEX TERMS: Viral diarrhea virus, BVDV, dairy cattle, herds, Brazil, persistent infection, cattle.

RESUMO.- [Prevaléncia de bovinos persistentemente
infectados com o virus da diarreia viral bovina (BVDV)
em rebanhos leiteiros no estado do Parana, Brasil.]
Com o intuito de se estabelecer a prevaléncia de animais
persistentemente infectados (PI) com o BVDV em propriedades
leiteiras no estado do Parana. Foram coletadas amostras
de 6.465 bovinos, fémeas, da raca Holandés Preto e Branco
(HPB). Amostraram-se animais com idade inferior a dois anos,
fémeas com mais de dois anos que ndo haviam tido partos na
propriedade, e maes de bezerros que foram diagnosticados como
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persistentemente infectados. Os bovinos foram provenientes
de 40 rebanhos leiteiros, distribuidos em 10 municipios no
Estado do Parana. A coleta deu-se no periodo de maio de 2015
a agosto de 2018. O diagndstico dos animais P1I foi feito por
meio do teste de ELISA de captura de antigeno. Animais PI
foram detectados em quinze rebanhos amostrais (37,5%),
oscilando entre um e dezesseis animais por rebanho. A
prevaléncia nos municipios do estado Parana foi de 1,78%,
oscilando entre 0,3 a 8,9% nos rebanhos positivos. Com a alta
prevaléncia de animais PI observada, quando analisados os
rebanhos amostrais individualmente, é possivel afirmar que
h4 uma disseminag¢do importante do BVDV em municipios
paranaenses, destacando inclusive areas endémicas. Com
isso, vé-se a necessidade de medidas de conscientizacao
dos produtores sobre a existéncia e importancia da BVD nos
rebanhos, destacando o papel dos animais PI na epidemiologia
da doenca, bem como o impacto econdmico causado pela
manutencdo desses animais nos rebanhos.

TERMOS DE INDEXACAO: Diarreia viral bovina, BVDV, rebanhos
leiteiros, Brasil, infec¢do persistente, bovinos.
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INTRODUCTION

The bovine viral diarrhea virus (BVDV) has a significant
economic impact on cattle herds, being endemic in several
countries worldwide (Hessman etal. 2009, 2012, Stahl & Alenius
2012). The virus causes reproductive and productive losses,
such as low milk production, abortions, fetal mummification,
the birth of weak calves, low conception rates, and increased
neonatal mortality (Berends et al. 2008).

Bovine viral diarrhea (BVD) has different clinical presentations,
depending on the genotype, biotype, virulence of the viral strain,
and the host’s susceptibility (Moennig et al. 2005). The infection
of a seronegative pregnant cow with non-cytopathic BVDV in
the first trimester of gestation, between 40 and 120 days, can
resultin fetal death or birth of persistently infected (PI) calves
(Grooms 2004). Pl animals do not present antibodies to BVDV
because their immune system recognizes the virus as its own
(Arenhartetal. 2009). However, these animals eliminate large
amounts of virus in their excretions and secretions throughout
their lives. Therefore, they are responsible for introducing and
maintaining the virus in herds (Houe 1995).

The properties’ greatest difficulty is identifying PI animals
since they can be healthy and do not raise any suspicion of their
condition (Houe 1993). There is no production of antibodies
to BVDV; thus, serological tests to identify them are not useful
(Stokstad & Loken 2002). It is necessary to detect the virus in
blood samples or ear fragments to diagnose these animals. The
detection methods include direct Enzyme Immunoassay (ELISA),
virus isolation, immunoperoxidase, direct immunofluorescence,
or Polymerase Chain Reaction preceded by Reverse Transcriptase
(RT-PCR) (Flores 2017). Milk tank samples can be collected
periodically to determine antibody titers to assess the herd’s viral
status (Kramps et al. 1999). The detection of high antibody titers
may indicate the presence of Pl animals in the herd (Houe 2003,
Niskanen et al. 1991).

The primary strategy for controlling the disease in herds is
identifying and eliminating Pl animals (Smith & Grotelueschen
2004). In European countries, bovine viral diarrhea (BVD)
eradication programs were developed based on the diagnosis
and elimination of these animals (Thomann etal. 2017, Thulke
etal. 2017, Wernike et al. 2017). These programs have shown
promising results. However, other measures such as the quarantine
period in the introduction of new animals on the farm, as well
as evaluation of viral status in the herd, by periodic titration of
antibodies in the milk tanks, are also essential for the control
of the disease in herds (Kelling et al. 2000).

This study aimed to establish the prevalence of Pl animals
with BVDV in dairy cattle herds in the State of Paran4, Brazil.

MATERIALS AND METHODS

This study was approved by the Ethics Committee on the Use of
Animals (CEUA) of the “Setor de Ciéncias Agrarias da Universidade
Federal do Parand”, Brazil, under protocol number 102/2017.

Location. The Parana State is located in the South Region of Brazil
(22°29’'30” and 26°42’59” South latitude, 48°02’24” and 54°37’38”
West longitude), comprising an area of 199,307km? The number of
cows milked in Parandis 1,723,996 heads. The state is the third-largest
milk producer in Brazil, and in 2015 the production was 4,730,195
liters, representing 14% of the milk produced in the country (IBGE
2016). Parana was chosen as the location of the present study due
to its representativeness in the Brazilian dairy sector.
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Sampling. Samples were collected from 6,465 female Holstein
cattle. Animals under the age of two were sampled, females over two
years old who had not given birth on the property, and mothers of
calves diagnosed as persistently infected. The cattle came from 40
dairy herds distributed in 10 municipalities in the State of Parana.
Sample collection ranged from May 2015 to August 2018. Figure 1
shows the distribution of the municipalities where the collections
were carried out.

The inclusion of the properties in this study depended on the
availability and intention of the producer to carry out the diagnosis
of animals persistently infected with BVDV, offered by the “Associa¢do
Paranaense de Criadores de Bovinos da Raga Holandesa” (APCBRH).
These producers chose to perform the diagnosis because of prior
suspicion of BVDV infection due to reproductive changes, abortions,
and the birth of weak calves on the property. Of 718 properties
associated with APCBRH, 40 producers opted for the diagnosis. All
properties underwent periodic brucellosis and bovine tuberculosis
examinations, vaccination against brucellosis (B19) in females aged
three to eight months, and vaccination against foot-and-mouth
disease. Table 1 shows the number of herds and samples collected
in each municipality.

Fig.1. Geographiclocation of the sampled municipalities in the State of
Parana, Brazil. Arapoti (1), Carambei (2), Castro (3), Curitva (4),
Francisco Beltrao (5), Floresta (6), Jaguariaiva (7), Mandaguari
(8), Mangueirinha (9), Ponta Grossa (10).

Table 1. Distribution of the collection of ear fragment
samples for the detection of persistently infected animals
with BVDV in municipalities in the state of Parana, Brazil

Municipality Herds Animals
Arapoti 5 1347
Carambef 13 3078
Castro 15 1459
Curitva 1 60
Floresta 1 179
Francisco Beltrao 1 20
Jaguariaiva 1 105
Mandaguari 1 65
Mangueirinha 1 133
Ponta Grossa 1 19
TOTAL 40 6,465
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Sample. Auricular cartilage fragments were collected, which
are relatively stable. The fragments were collected from the ear’s
tip, with earmarking pliers’ aid, and measured approximately three
millimeters in diameter. After collection, the fragments were stored
in Eppendorf® microtubes at room temperature. The samples were
sent to the Diagnostic Laboratory of APCBRH.

Antigenresearch - direct ELISA. To the microtubes containing
the sample, 120-250pL of the IDEXX Ear Notch buffer solution was
added. Subsequently, these microtubes were sealed and stored for
24 hours at 26 °C in a humid chamber.

For the diagnosis of animals persistently infected with BVDV, the
IDEXX BVDV Ag/Serum Plus Test® - a direct ELISA test - was used
to detect the Erns protein in the sample. In addition to positive and
negative controls, 50pL of detection antibodies were added to each
well, using a 96-well plate with a micropipette aid.

The plates were shaken slightly to homogenize the contents of
the cavities. After homogenization, these plates were sealed to avoid
evaporation and incubated for two hours at 37 °C. Subsequently, the
plates’ contents were removed by washing each well, five times, with
300uL of washing solution. In the last wash, the residual washing
fluid was removed from each plate by tapping it lightly. After this
washing process, 100pL of the conjugate was added to each well,
and the plates were incubated for 30 minutes at 25 °C. Then the
washing process described was repeated. Subsequently, 100uL of
TMB substrate No. 12 was added to each well, and the plates were
incubated again for 10 minutes at 25 °C. At the end of the test, 100pL
of “Solucdo de Interrupg¢ao” No. 3 was added to each cavity. The test
was read by measuring the absorbance of the samples and controls.
According to the manufacturer’s guidelines, negative animals were
considered to be those with optical density values <0.2, suspects 0.2
to <0.3, and positive 20.3.

RESULTS

Positive herds were detected in three municipalities. The
municipalities with the highest sampling showed a higher
prevalence. The number of positive animals in the direct
ELISA test for antigen detection and the prevalence of P BVDV
cattle per municipality is shown in Table 2. PI animals were

Table 2. Positive animals in the antigen detection test,
prevalence of persistently infected animals (%), quantity
and prevalence of positive BVDV herds

detected in 15 sample herds (37.5%), ranging from one to
sixteen animals per herd. In the municipality of Arapoti, the
prevalence of was 80% of the sampled herds (4/5), in Carambei
54% (7/13), and Castro 27% (4/15). The prevalence values
in 14 herds are described in Table 3. One of the herds is not
included in this analysis because only animals considered
suspect have been tested.

DISCUSSION

Studies for the identification of PI animals in Brazil are still
scarce, with little data on the dissemination and prevalence
of these animals in cattle herds, given the importance they
have in the epidemiology of BVD. The choice of diagnosing
animals up to two years of age is since PI cattle rarely survive
until reproductive age (Stephenson et al. 2017). Given that
a calf of a PI female is also affected by P], the testing of adult
females is only immediately necessary when the female does
not have a calf in the farm. However, in the case of positive
calf, the mother is also tested. Even if the probability of a PI
animal reaching the reproductive stage is low, this possibility
cannot be ignored, as the calves of a PI female will always be
PI, and hardly survive (Khodakaram-Tafti & Farjanikish 2017).
In the present study, the prevalence of PI animals in the
municipalities sampled in Parana was 1.78%, ranging from
0.3 to 8.9% in positive herds. In Goias, through antigen
detection in the direct ELISA test, a prevalence of 0.42% of
PI animals was obtained in 960 sampled cattle (Brito et al.
2010). In western Parana, Dezen et al. (2013) described a
0.29% prevalence of Pl animals in a herd of 692 cattle using
the RT-PCR technique. In the United States, lower prevalence
rates are described, such as 0.4%, ranging from 0.06 to 2%
(Fulton etal. 2006); 0.09% (O’Connor etal. 2007) and 0.2%,
with an interval between 0.03 and 0.9% (Hoar et al. 2007).
The presence of Pl animals in herds represents a negative
impactin both the health and economic spheres. The virus can
induce immunosuppression, making animals more susceptible
to co-infections caused by bacteria, protozoa, and other
viruses (Megid etal. 2016). In this way, they are animals that

Table 3. Prevalence (%) of persistently infected animals
with BVDV in dairy cattle herds in municipalities in the state
of Parana, Brazil

Municipality P0§itive Prevalence Positive Pre.v?lence of
animals (%) herds  positive herds
Arapoti 29 2.15 4 80%
(29/1347) (4/5)
Carambef 69 2.24 7 54%
(69/3078) (7/13)
Castro 17 1.16 4 26.7%
(17/1459) (4/15)
Curidva 0 0 0 0
Floresta 0 0 0 0
Francisco Beltrao 0 0 0 0
Jaguariaiva 0 0 0 0
Mandaguari 0 0 0 0
Mangueirinha 0 0 0 0
Ponta Grossa 0 0 0 0
TOTAL 115 1.78 15 37.5%
(15/40)

Municipio Herd Tested Positives Prevalence (%)
Arapoti 1 39 3 7.7
2 384 1 0.3
3 362 10 2.8
4 434 15 3.5
5 260 3 1.2
6 236 16 6.8
Carambef 7 413 14 3.4
8 751 10 1.3
9 189 4 2.1
10 381 12 3.1
11 24 1 4.2
Castro 12 364 1 0.3
13 124 11 8.9
14 441 4 0.9
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get sick with high frequency, generating recurring treatment
expenses. Also, PI animals can suffer from mucosal disease
and die quickly (Burgstaller et al. 2016).

A study carried out in the United States correlating the
weight of cattle with persistent BVDV infection observed
that calves weighing less than 180kg had a higher prevalence
of the infection, being 2.78 times more likely to be PI when
compared to calves over 180kg (Stephenson etal. 2017). The
study above shows that these animals show underdevelopment
and less weight gain compared to healthy animals. Exposure
to BVDV can reduce the conception rate, abortions, and a drop
in milk production (Houe 2003). Besides, there is research in
Norway reporting a 7% increase in clinical mastitis incidence
in herds exposed to BVDV (Waage 2000).

In the present study, the prevalence of herds with PI
animals’ presence was 37.5% (15/40). In a study in New
Zealand, the prevalence of PI cattle was estimated at 14.6%
of the herds (Thobokwe et al. 2004). In the United States, a
prevalence of 3% in herds selected at random and 19% in
herds suspected of being infected with BVDV was described
in five American states (Wittum et al. 2001). In Belgium,
the identification of PI animals was carried out in different
regions, with prevalence in 32% of the sampled herds in the
North and 13% in the South (Letellier etal. 2005). These data
demonstrate that, in the present study, the prevalence was
much higher than those described in other countries. This fact
may be associated with all sampled herds being suspected
of being infected by BVDV due to the history of reproductive
changes, abortions, and weak calves’ birth.

The same was observed by Wittum et al. (2001), in which
suspicious herds had a higher occurrence of PI animals
than herds randomly chosen. This fact demonstrates the
importance of making the diagnosis based on history, clinical
and epidemiological signs. The BVD has several clinical
presentations, and enteric, respiratory, or reproductive changes
canoccur (Lima etal. 2004), leading to errors in diagnosis by
ruling out the possibility of BVDV infection if not all of these
signs are present. Therefore, the search for Pl animals must be
done on properties with any of the presentations described.

However, it is essential to consider that Brazil does not
have programs to control and eradicate BVD, contributing
to the higher prevalence values. Germany has had a BVD
eradication program since 2011, defined by the identification
of PI animals and their elimination from herds. With this
program, the country had a reduction of properties with a
prevalence of PI cattle from 3.44% in 2011 to just 0, 16%
in 2016 (Wernike et al. 2017). It is noted how eradication
programs can contribute to the reduction of BVD in herds.

The data obtained in this research differ from other
studies in Brazil and other countries, which may be related
to the larger sample size concerning other studies and the
diagnostic method used. The method used by some authors is
considered more accurate by the identification of viral RNA.
In a study carried out in Poland comparing the ELISA-Ag
based on the Erns protein - a structural protein -, the Real-
time RT-PCR (qRT-PCR), and the ELISA-Ag test based on the
NS3 protein - a non-structural protein - it was observed that
it was possible to identify PI animals in 89.7%, 100% and
3.4% of cases, respectively (Larska et al. 2013). Similarly, a
previous study has described the superiority of RNA detection
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regarding ELISA on the presence of maternal antibodies
(Zimmer et al. 2004).

A study by Fulton etal. (2006) states that there is no statistical
difference between the ELISA-Ag, Inmunohistochemistry (IHC),
and RT-PCR tests. The study also emphasizes the practicality
and safety of the ELISA and individual results compared to
RT-PCR, where samples can be pools. For the present authors,
the ELISA testis an effective method for identifying P animals.
However, the diagnosis must be made before colostrum or
in the period of reduction of maternal antibodies, as they
may interfere with the test result. This time of reduction is
after 30 days of age, but it also depends on the number of
immunoglobulins present in maternal colostrum, making the
period longer (Tizard 2014).

Ahigher prevalence of Pl animals was observed in Arapoti,
Castro, and Carambei regarding the others sampled. According
to Houe (2003), itis estimated thatin an endemic region, the
number of PI animals is around 2%, information that draws
attention given the results obtained in this research. It can be
considered that the regions of the municipalities of Arapoti and
Carambef are characterized as endemic areas for the BVDV.

These municipalities are located in the largest milk basin
in Parang, with Castro being the largest milk producer in
the country. The average milk production in the region is
5,243 liters/cow/year, exceeding the national average of
1,480 liters/cow/year (IBGE 2016). This factor indicates
that this region’s properties have more intensive production
systems, with larger feedlots and larger herds. According to
Van Campen (2010), the larger the herd, the more attention
to biosafety and sanitation measures becomes insufficient,
contributing to the virus’s presence and circulation in the
herd. It is noteworthy the impact that the spread of BVDV by
Pl animals’ presence may represent for these municipalities.

The diagnosis and elimination of PI animals, quarantine
period in the acquisition of animals, and vaccination programs
are the most efficient control measures for the virus (Ferro et
al. 2017, Letellier et al. 2005, Smith & Grotelueschen 2004).

CONCLUSIONS

With the high prevalence of PI animals observed, when
analyzing the sample herds individually, we observed
important dissemination of the BVDV in Parana municipalities,
highlighting even endemic areas.

Considering that APCBRH is the first association of breeders
to make this service available, in addition to the small number
of producers who have been interested in making the diagnosis,
it is a strategy that is moving slowly in Brazil.

There is a need for measures to raise awareness among
producers about the existence and importance of BVD in herds,
highlighting the role of Pl animals in the disease’s epidemiology
and the economic impact caused by the maintenance of these
animals in herds.

Conflict of interest statement.- The authors have no competing interests.
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