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Abstract

Background: Bovine Viral Diarrhea Virus (BVDV) and Bovine Herpesvirus type 1 (BoHV-1) cause reproductive
problems in cattle and restrictions on international trade in animals worldwide. Both infections were detected in
cattle herds in the Paraíba state, Northeastern Brazil, however, the spatial distribution and geographic identification
of positive herds for these viruses has never been examined. Therefore, the aim of this study was to describe the
spatial pattern of apparent prevalence estimate and to identify spatial clustering of positive herds of BVDV and
BoHV-1 infections in cattle herds from the state of Paraíba, Northeastern Brazil.

Results: The herd-level prevalence for BVDV and BoHV-1 infections in Paraíba were, respectively, 65.5% (95% CI: 61.
1–69.7) and 87.8% (95% CI: 84.5–90.5). The average apparent within-herd prevalence of BVDV was 31.8% and of
BoHV-1 was 62.4%. The predicted prevalence was highest (0.42–0.75) for BVDV in the west, north and eastern part
of Sertão and in the central and eastern part of Agreste/Zona da Mata. For BoHV-1, the highest predicted
prevalence (0.74–0.97) was in some local areas across Sertão and throughout the eastern part of Agreste/Zona da
Mata. Six significant clusters were detected for BVDV, a primary cluster covering the eastern Sertão region, with 11
herds, radius of 24.10 km and risk relative (RR) of 2.21 (P < 0.001) and five smaller significant clusters, involving one
or two herds in Agreste/Zona da Mata region with a high RR. A significant clustering of BoHV-1 positive herds
(P < 0.001) was detected in Agreste/Zona da Mata region with a radius of 77.17 km and a RR of 1.27, with 103
cases. Consistency was found between kriging and SatScan results for identification of risk areas for BVDV and
BoHV-1 infections.

Conclusions: The clusters detected contemplated different areas of the state, with BVDV cluster located in the
Sertão and BoHV-1 in Agreste/Zona da Mata stratum. Through the risk mapping, it was possible to identify the
areas in which the risk is significantly elevated, coincided with areas where there are borders with other states and
in which there is a high movement of animals.
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Background
The reproductive infectious diseases are those that cause
more damage in productivity in cattle herds, assuming
importance viral agents, especially Bovine Viral Diarrhea
Virus (BVDV) and Bovine Herpesvirus type 1 (BoHV-1),
which cause reproductive problems in both beef and
milk cattle, and restrictions on international trade for
animals and animal products [1–3].
BVDV is a member of the genus Pestivirus, which be-

longs to the Flaviviridae family, and although capable of
manifesting in different clinical presentations and acute,
sub acute or chronic character, the reproductive conse-
quences of this virus and its persistent infection have
greater economic and epidemiological importance [4, 5].
The transmission may occur by a wide range of body
fluids (nasal discharge, urine, milk, semen, saliva and
fetal fluids), indirect contacts (airborne transmissions,
contaminated material or iatrogenic) and via the pla-
centa to the fetus, resulting in the birth of an immuno-
tolerant and persistently infected (PI) calf [6]. The PI
animals result from uterine exposure to noncytopathic
strains of BVDV before development of fetal immuno-
competence (generally before 125 days of gestation) [7].
PI calves are often weak at birth or die before one year
of age, but others may not show clinical signs, being epi-
demiologically important due to shed large amounts of
virus, acting as constant sources of infection for suscep-
tible animals [8]. The detection and removal of PI ani-
mals and vaccination of susceptible animals are key
strategies for the control of herds from BVDV [9, 10].
The BoHV-1 is a alphaherpesvirus belonging to the

genus Varicellovirus, which infects cattle and presents
clinical manifestations such as pustular vulvovaginitis or
balanoposthitis, abortion, rhinotracheitis and meningo-
encephalitis, and causes great economic losses to the
livestock industry [11, 12]. This virus may be transmitted
by respiratory and genital secretions of infected individ-
uals through direct and indirect contact, such as con-
taminated materials, contaminated semen or airbone
transmission [13]. BoHV-1 has the ability to cause latent
infections, and periodically, BoHV-1 may be reactivated,
and then shed and transmitted, which guarantees its per-
petuation and spread in herds, thus being the main obs-
tacle to the establishment of control measures [14].
The seroprevalence of BVDV and BoHV-1 have nu-

merous references available all over the world, with vari-
able values, but generally higher, depending on the
control measures practiced [15]. In Brazil, regional data
obtained from serological surveys reveal significant
spread of the virus in beef and dairy herds [16–18]. In
the state of Paraíba, Thompson et al. [19] found anti-
BVDV antibodies in 22.2% of animals and 88.9% of herds
and anti-BoHV-1 antibodies in 46.6% of animals and
100% of herds. These authors concluded that the within-

herd spread of BVDV and BoHV-1 were relatively slow
and its ubiquitous nature makes it difficult to generalize
the rate of among-herds spread.
BVDV and BoHV-1 infections occur in cattle herds in

the state of Paraíba, however, the spatial distribution and
geographic identification of positive herds for these vi-
ruses has never been examined. According to Carpenter
[20], whether it is an outbreak investigation or epidemio-
logical research, more emphasis should be placed on the
spatial and temporal components of health events in
order to identify unusual occurrences of events that hap-
pen close together in either time and/or space.
Spatial analysis of infectious diseases allows for the de-

tection of disease clusters, which can occur due to com-
mon risk factors among herds or the transmission
between neighbors herds, being a useful tool in epi-
demiological surveillance providing better visualization
and hypothesis survey for the occurrence of clusters, fa-
cilitating the elaboration of control strategies [21].
Hence, the present study aimed to describe the spatial
pattern of apparent prevalence estimate of BVDV and
BoHV-1 infections in cattle herds from the state of Para-
íba, Northeastern Brazil, including identification of areas
with increased risk of occurrence of these viruses.

Methods
Characterization of the study area
The state of Paraíba, located in the Northeastern region
of Brazil, is characterized by warm weather throughout
the year. The state is geographically subdivided into the
following four regions, based mostly on vegetation type
and rainfall: (i) Zona da Mata (Atlantic forest), (ii)
Agreste, (iii) Borborema, and (iv) Sertão. The Zona da
Mata and Agreste have relatively higher rainfall regimes
[22]. Borborema and Sertão (semi-arid region) are typic-
ally within the Caatinga biome, a xeric forest and a for-
est of thorns composed by cacti, thick plants, spiny
brush and adapted arid grasses [23]. The climate is char-
acterized by a warm and semi-arid climate, with average
temperatures of 27 °C, and the average annual rainfall is
typically ≈500 mm. There are typically two seasons: a
rainy season from February to May, and a long drought
period from June to January. However, occurrences of
droughts lasting more than one year are also characteris-
tic of the region [24].
The animal husbandry has an increasingly important

in the Agreste, Borborema and Sertão regions, where
small cattle-raising farms and family farms are wide-
spread. The cattle are usually reared extensively on na-
tive Caatinga in most of the Borborema and Sertão
farms. Following the Brazilian scenario of milk produc-
tion, in the state of Paraíba around 69% of milk was pro-
duced in small cattle-raising farms [25].
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Data source
The data used in this study were obtained from a survey
of bovine brucellosis in the state of Paraíba made by the
National Program for Control and Eradication of Brucel-
losis and Tuberculosis, in which samples were collected
from September 2012 to January 2013. In total, 2443
cows aged ≥24 months were sampled from 478 herds.

Study design
The state of Paraíba was divided into three sampling
groups: sampling stratum 1 (mesoregion of Sertão), sam-
pling stratum 2 (mesoregion of Borborema), and sam-
pling stratum 3 (mesoregions of Zona da Mata and
Agreste) (Fig. 1). When this stratification scheme was
proposed, the operational capacity of the Agricultural
and Livestock Defense Service of the State of Paraíba
(SEDAP) was considered based on the areas of action of
its regional units in order to ensure that the veterinar-
ians and agricultural and livestock technicians from the
SEDAP could conduct the fieldwork. For each sampling
stratum, a pre-established number of herds with repro-
ductive activity (primary sampling units) were randomly
selected and then, a pre-established number of unvaccin-
ated cows aged ≥24 months were randomly and system-
atic selected (secondary sampling units), using the
following criteria: 10 animals were sampled in herds
with up to 99 cows aged over 24 months; 15 animals
were sampled in herds with 100 or more cows aged over
24 months; and all animals were sampled in those with
up to 10 cows aged over 24 months.
The field activities included blood collection and send-

ing the samples to the laboratory. The coordinates in

each herd were identified using a global positioning sys-
tem device (GPS).

BoHV-1 and BVDV serological diagnosis
For the serological diagnosis of BVDV and BoHV-1 in-
fections the virus-neutralization test was used [26, 27].
The cytopathic viral strains BVDV-1 (NADL) and
BoHV-1 supplied by the Virology Institute of the Veter-
inary Medicine College of Hanover, Germany were used.
The technique was performed in two stages, screening
and titration, and a sample was considered positive when
it presented a titer ≥10 for BVDV and ≥2 for BoHV-1.
The neutralizing antibodies titers were considered the
reciprocal of the higher serum dilutions capable of inhi-
biting the viral replication and the consequent produc-
tion of cytopathic effect of BVDV and BoHV-1. The
infectious titer (TCID50: infective doses for 50% of cell
cultures) used was 105.61TCID50/50 μL for BVDV and
106.25 TCID50/50 μL for BoHV-1, determined by the
Reed and Müench method [28].

Herd-level case definition
The herd-level case definition was based on the size of
the population (cows aged ≥24 months), number of fe-
males sampled, an intra-herd apparent prevalence of
50%, and the sensitivity and specificity of the virus-
neutralization test of 95 and 99.5% for BVDV [29] and
94.4% and 93.2% for BoHV-1 [30], respectively, with the
goal of obtaining a herd sensitivity and specificity of
≥90%. After simulations using Herdacc software, a herd
was deemed positive for BVDV when at least one posi-
tive animal was detected, and for BoHV-1 infection, a
herd was considered positive if it included at least one

Fig. 1 Spatial localization of cattle herds in the State of Paraíba, Northeastern Brazil, according to sampling stratum. Detail shows Paraíba state
within Brazil
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positive animal in herds of up to seven females; two
positive animals in herds of 8–99 females; and three
positive animals in herds with more than 99 females.

Apparent prevalence calculations
EpiInfo 6.04 software was used to calculate the apparent
prevalences and respective confidence intervals [31].
Stratified random sampling was used to calculate the
herd-level prevalence in the state of Paraíba [32]. The re-
quired parameters were as follows: (a) condition of the
herd (positive or negative), (b) sampling stratum to
which the herd belonged, and (c) statistical weight. The
statistical weight was determined by applying the follow-
ing formula [31]:

Weight ¼ number of herds in the stratum
number of herds sampled in the stratum

The calculation of the herd-prevalence per sampling
stratum employed the sampling design of a simple ran-
dom sample by using the following parameters: (a) num-
ber of positive herds and (b) number of herds sampled
in the stratum.

Spatial analysis
Identification of the herd, geographical coordinates and
results of serological tests were included in a database
for spatial analysis. Firstly, the Cuzick–Edwards’ k-
nearest neighbor method [33] was used to detect the
possibility of spatial clustering at herd level using the
ClusterSeer 2.5.1 software (BioMedware, Ann Arbor, MI,
United States). Existence of potential spatial clustering
was analyzed at each of the first 10 neighborhood levels,
and the overall p-value was adjusted for multiple com-
parisons with the Simes approach. In a second step, scan
statistics by the SatScan software version 9.0 [34] was
used to identify local clusters of positive herds. A Ber-
noulli model was applied, the scanning window was cir-
cular, and the spatial size of scan window was limited to
25% of the total population. Because of the high herd-
level prevalences for BVDV and BoHV-1, analysis was
not run on herd-level, and then considering within-herd
prevalence. The statistical significance level was set as

0.05 and the maps were constructed with the ArcGIS
software.
The kriging method was used to estimate the spatial

pattern of apparent within-herd prevalence of BoHV-1
and BVDV. By this method, it is possible to produce a
smooth surface of predicted prevalence and a map of
prediction variance [35]. Kriging is based on the spatial
correlation between measurements which is modelled by
the semivariogram, and work well on stationary and
non-stationary rates [36]. Directional semivariograms in
four directions (north, north-east, east, south-east) were
fitted to test for anisotropy. It was used an exponential
model described below and fitted to the sample semivar-
iogram [35]:

γ dð Þ ¼ Co þ C 1− exp −
d
a

� �� �

where the parameters were nugget (co), partial sill (c),
and range (a).

Results
Figure 1 shows the spatial location of the herds in the
state of Paraíba. The herd-level prevalence for BVDV
and BoHV-1 infections in Paraíba were, respectively,
65.5% (95% CI: 61.1–69.7) and 87.8% (95% CI: 84.5–
90.5) (Table 1). Two proprieties were excluded because
they showed errors in their geographic coordinates, to-
taling 476 herds used in the spatial analysis. Figure 2
shows the spatial localization of positive and negative
herds for BVDV (Fig. 2a) and BoHV-1 (Fig. 2b). The
average apparent within-herd prevalence of BVDV was
31.8%, ranging from 0% to 100%, and for BoHV-1 it was
62.4% ranging from 0% to 100%. Figures 3 and 4 show
the kriging estimate of the apparent within-herd preva-
lences for BVDV and BoHV-1, respectively.
Sample semivariograms with fitted exponential model

are shown in Fig. 5. For BVDV, parameters were: nugget
= 0.02, partial sill = 0.10, and range = 13.9 km; and for
BoHV-1, parameters were: nugget = 0.01, partial sill =
0.10, and range = 13.0 km. The predicted prevalence was
highest (0.42–0.75) for BVDV (Fig. 3a) in the west, north
and eastern part of Sertão and in the central and eastern
part of Agreste/Zona da Mata. For BoHV-1 (Fig. 4a), the

Table 1 Census data of the cattle population in the State of Paraíba, Northeastern Brazil, according to sampling stratum, and herd-
level prevalence for BVDV and BoHV-1

Sampling stratum No. of
herds

Tested BVDV BoHV-1

Positive Prevalence 95% CI Positive Prevalence 95% CI

Sertão 24,356 159 118 74.2 [66.8–80.4] 145 91.2 [85.6–94.7]

Borborema 11,603 160 79 49.4 [41.7–57.1] 130 81.3 [74.4–86.6]

Agreste/Zona da Mata 18,398 159 102 64.2 [56.4–71.3] 139 87.4 [81.3–91.8]

Stateof Paraíba 54,357 478 299 65.5 [61.1–69.7] 414 87.8 [84.5–90.5]
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highest predicted prevalence (0.74–0.97) was in some
local areas across Sertão and thoughout the eastern part
of Agreste/Zona da Mata. The prediction variance re-
flects the location of tested herds: low values in the
western part of Sertão and north, central and southern
part of Agreste/ Zona da Mata for BVDV (Fig. 3b) and
north and central part of Agreste/Zona da Mata for
BoHV-1 (Fig. 4b), where herd density was high.
The Cuzick–Edwards’ test identified statistically

significant (P < 0.05) spatial clustering of BVDV and
BoHV-1 cases at k = 18 and k = 7 neighborhood
levels, respectively. Using Bernoulli model, six signifi-
cant clusters were detected for BVDV and one signifi-
cant cluster for BoHV-1 (Table 2, Fig. 6). There was
no spatial overlap among clusters. For BVDV, a
primary cluster covered the eastern Sertão region,
with 11 herds, radius of 24.10 km and the risk for
infection was 2.21 (relative risk (RR) = 2.21;
P < 0.001) times higher in herds located inside
cluster than in those located elsewhere. The others
significant BVDV clusters were smaller, involving one
or two herds in Agreste/Zona da Mata region, near
the border of the Borborema mesoregion, however,
with a high relative risk. The BoHV-1 cluster covered
the Agreste/Zona da Mata region with a radius of
77.17 km and a relative risk of 1.27 (P < 0.001), with
103 cases.

Discussion
In Brazil, prevalence rates of BVDV range from 22.2% to
85.4% [18, 37, 38], and seropositivity frequencies of
BoHV-1 between 18% and 90% were frequently observed
in non-vaccinated herds throughout the different geo-
graphical areas of Brazil [39–41]. In the Northeastern
Brazil, seroprevalences for BVDV infection of 72.6% [42]
and 51.1% in family farms [43] in Pernambuco state, and
for BoHV-1 infection of 79.5% [44] also in Pernambuco
state, 62.67% [45] in Sertão of Paraíba and 63.23% [46]
in Maranhão state have been reported. The herd-level
seroprevalences for BVDV (65.5%) and BoHV-1 (87.8%)
estimated for Paraíba state in this survey indicate that
these viruses are present in most herds of the state.
In this work, six significant clusters were detected

for BVDV infection and one significant cluster for
BoHV-1. Similar results were found by kriging and
SatScan for identification of risk areas (location of
areas with high apparent within-herd prevalence) for
BVDV and BoHV-1 infections: the western part of
Sertão for BVDV and the western part of Agreste/
Zona da Mata for BoHV-1.
The primary cluster for BVDV was detected in the

Sertão region, with a radius of 24.10 km, and cover-
ing its eastern region. The Sertão was the stratum of
higher prevalence for BVDV and is bordered on the
north by Rio Grande do Norte state, west by Ceará

Fig. 2 Spatial localization of positive and negative herds in the State of Paraíba, Northeastern Brazil: a Herd status of BVDV; b Herd status
of BoHV-1

Fig. 3 Apparent within-herd prevalences for BVDV in the State of Paraíba, Northeastern Brazil: a) Kriging surface of predicted apparent prevalence
and (b) the variance of kriging estimates of predicted apparent prevalence
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state, and south by Pernambuco state. Border regions
are always associated as risk factors, since in these re-
gions there are large circulations of animals due to
intense trade and often without knowledge of the
health status of animals [47–49]. This circumstance
corroborates what happens in the Sertão, where most
of the properties are familiar or subsistence, predom-
inating the mixed exploration, semi-confined farming,
low technification and no veterinary assistance [50],
increasing the risk in the herds of these properties.
Furthermore, recently BVDV was isolated in a herd in

Pombal, a municipality of the Sertão mesoregion [51].
Knowing that PI animals are the main sources of infec-
tion of BVDV, and animal purching and pasture rental
were identified as risk factors associated with herd-level
seroprevalence for BVDV infection in the State of Para-
íba [52], it is important to consider that the cluster for
BVDV may have PI herds. Ersbøll et al. [53] in a study
on the dynamics of BVDV infection among neighboring
herds in Denmark found that the presence of PI-herds
increased the risk of a herd becoming infected (PI-herd),
showing odds ratios (OR) of 1.37, 1.40 and 1.70 for 1, 2,

and ≥3 PI-herds in the neighborhood, respectively, as
well as the risk of becoming a PI-herd was negatively as-
sociated with the mean distance from the neighboring
herds (OR = 0.7 for an increase of 1 km), concluding that
the occurrence of PI-herd in a certain area has influence
on the risk of a neighbor herd becoming infected.
In Brazil, Hein et al. [54] found two BVDV clusters of

dairy herds in the Arroio do Meio region, Rio Grande
do Sul state, a primary (P = 0.391) and a secondary (P =
0.773) by scanning analysis, but both without statistical
significance. According to the author, the occurrence of
no association may have been due to the scan test limi-
tation or because transmission of the virus via aerosols
or other vehicles is not an effective way to disseminate.
Kirchgessner et al. [55] in an exploratory cluster analysis
identified clusters in different locations for domestic
livestock and white-tailed deer in New York state,
United States, suggesting that BVDV is maintained inde-
pendently in domestic livestock herds in the western
part of the state and in the white-tailed deer population
in the northwestern part. According to the authors, the
spatial point pattern analyses provide information

Fig. 4 Apparent within-herd prevalences for BoHV-1 in the State of Paraíba, Northeastern Brazil: a Kriging surface of predicted apparent preva-
lence and (b) the variance of kriging estimates of predicted apparent prevalence

Fig. 5 Sample semivariograms with fitted model (solid line) used to generate kriging surface of predicted within-herd prevalence of BVDV (a) and
BoHV-1 (b)
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necessary for the epidemiological risk assessment that
should precede the development of any regional BVDV
management plan.
The significant BoHV-1 cluster (P < 0.001) showed a

radius of 77.17 km with 103 herds whose 359 animals
were positive when it was expected 297 positive animals,
and involved a large part of the Agreste/Zona da Mata
stratum, which has a high herd-level prevalence (87.4%).
Despite the seroprevalence is high throughout the state,
the presence of a significant BoHV-1 cluster requires
epidemiological interpretation of its spatial distribution
and, consequently, the decisions based on that evidence

[56]. The mesoregions of Agreste and Zona da Mata had
the highest rainfall in the state and a bovine livestock
characterized by dairy farms and predominant confined
rearing [50]. Miranda et al. [57] detected BoHV-1 clus-
ters in southeastern Brazil and observed that disease
clusters may occur either because herds share common
risk factors or via transmission between herds through
the movement of infected animals. The high prevalence
of BoHV-1 in the Agreste/Zona da Mata stratum and
the presence of cluster suggest that the relationship be-
tween the cases and the spread of the virus is due to the
proximity of the animals in the herd [20]. BoHV-1 clus-
ters were detected in the state of Rio Grande do Sul, in
which the most significant (P = 0.00027) had a radius of
122.33 km, with 173 properties, 109 positive animals,
and RR of 1.31, showing a moderate presence of BoHV-
1 infection in the southern herds [20].
In addition to the presence of PI animals for BVDV in-

fection and purchasing untested cattle, other environ-
mental or management factors may be influencing the
intra and inter herd transmission for both infections in
the state of Paraíba, mainly in high-risk areas. Such fac-
tors could be the lack of biosafety procedures in herds,
extensive breeding, mixing cattle of different ages and
from multiple sources, communal grazing and absence
of vaccination.
In the risk mapping described in this study, there is a

significant relation between the spatial effect and the de-
velopment of the diseases, indicating that there are some
important predisposing factors in the occurrence of in-
fections studied. The herds of Paraíba and neighbor’s

Fig. 6 Significant clusters of herds with a high apparent within-herd prevalence of BVDV (primary cluster: red, secondary clusters: yellow) and
BoHV-1 (green)

Table 2 Statistically significant clusters of herds with a high
within-herd prevalence of BVDV and BoHV-1 in the state of Para-
íba, Northeastern Brazil

Radius
(km)

No. of
herds
in
cluster

No. of cases in cluster RRa p-value

Observed Expected

BVDV

24.10b 11 55 25.87 2.21 < 0.001

2.11 2 8 2.59 3.11 0.045

0 1 13 4.53 2.90 0.004

0 1 10 3.23 3.12 0.005

0 1 10 3.23 3.12 0.005

0 1 10 3.23 3.12 0.005

BoHV-1

77.17 103 359 297.39 1.27 < 0.001
aRelative risk
bPrimary cluster

Fernandes et al. BMC Veterinary Research  (2018) 14:102 Page 7 of 9



states might be sharing common risk factors or trans-
mission routes among herds through the movement of
infected animals, animal purchasing without the know-
ledge of the health status of animals, pasture rental, or
absence of permanent veterinary assistance.
There may be other variables not considered in this

work that can determine the spatial distribution pattern
for both BVDV and BoHV-1 infections in a particular
area. These variables may be potential risk factors that in-
fluence a higher risk of disease in areas of greater spatial
effect, therefore, further works should be considered.

Conclusions
The spatial analysis enabled the identification of spatial
clustering of risk for BVDV and BoHV-1 in the state of
Paraíba. The clusters detected contemplated different
areas of the state, with BVDV cluster located in the Ser-
tão stratum and BoHV-1 in Agreste/Zona da Mata
stratum. Through the risk mapping, it was possible to
identify the areas in which the risk is significantly ele-
vated, coinciding with areas where there are borders
with other states and in which there is a high movement
of animals. Clusters detection analysis enabled a better
view of the occurrence of the BoHV-1 and BVDV and its
result indicates the highest risk areas in the state of
Paraíba, facilitating control strategies for specific actions
and directed to those areas.
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