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Abstract

Enzootic bovine leukosis (EBL) is a chronic infectious disease caused by the bovine leukosis virus (BLV), a Deltaretrovirus.
Bovine viral diarrhea (BVD) is an infectious disease caused by a pestivirus. Bovine neosporosis is caused by the obligate
intracellular parasite Neospora caninum (Nc). These pathogens can have horizontal (postnatal) or vertical (transplacental)
transmissions and affect the productive and reproductive performance of infected bovines. This work aimed to detect BLV,
BVD, and Nc seroprevalence in specialized dairy cattle from the north, east, and Aburra Valley regions of the Department of
Antioquia, the highest in milk production regions in Antioquia. A total of 599 blood samples, obtained from 53 specialized
dairy cattle herds, were evaluated by the ELISA test. The results revealed a seroprevalence of 41.13% for BLV (242/599),
28.48% (163/599) for Nc, and 22.7% (132/599) for BVD. Regarding the regional seroprevalence evaluation, BLV was
found in 47.02% of the samples from the east, 36.87% from the north, and 46.02% from the Aburré Valley. Nc was found in
31.03% of the samples from the east, 24.26% from the north, and 36.63% from Aburra Valley. BVD was found in 21.62%
of the samples from the east, 25.03% from the north region, and 10.39% of the samples from the Aburra Valley. It is high-
lighted by these results that the north region, with the highest milk production in Antioquia, had the lowest BLV and Nc
seroprevalences but the highest seroprevalence of BVD. BLV has increased in Antioquia in recent years, and as an immu-
nosuppressive infection, opportunities for other pathogens are created by it. A significant statistical difference was found in
the average prevalence of the pathogens according to the municipality, cattle breed, and region of origin of the sample. The
seroprevalence of these pathogens in specialized dairy herds in Antioquia can be classified as medium-low. However, it is
recommended that biosecurity practices should be maximized to avoid the spread of these pathogens due to the variability
detected in the region, municipality, breed group, and herd age. The rapid and efficient diagnosis of these three pathogens
through reliable methodologies will allow for the control of dissemination in dairy herds.
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Introduction

Specialized dairy systems located in the Department of
Antioquia (Colombia) are of direct and indirect relevance
in the economies of the regions where they are located.
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Thus, strategies that favor their progress must be constantly
focused on, as the well-being of producers depends on spe-
cialized dairy systems (FEDEGAN 2018). Enzootic bovine
leukosis (EBL) is a disease with high morbidity and low
mortality rates. This disease is caused by infection by the
bovine leukosis virus (BLV) (De la Sota 2005). EBL mainly
affects cattle, especially those dedicated to milk produc-
tion, by infecting B lymphocytes and generating persistent
lymphocytosis (PL) in cows. As a result, BLV-infected ani-
mals become immunosuppressed, and economic losses are
derived from the decreased milk production of such individ-
uals compared to uninfected animals. Reducing the immune
response capacity is estimated to allow other pathogens,
such as bovine viral diarrhea (BVD) and Neospora caninum
(Nc), to infect cattle. Ultimately, these other pathogens will
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cause health problems that will eventually worsen adverse
effects on production and reproduction indices (Emanuels-
son et al. 1992; De la Sota 2005; Ortega et al. 2016).

BLYV, a member of the genus Deltaretrovirus (Retroviri-
dae family), causes EBL, which affects the cells of the lym-
phoid lineage, specifically B lymphocytes (Beyer et al. 2002;
Wau et al. 2003). Most infected animals (~60%) do not show
clinical or hematological signs and become asymptomatic
carriers of the virus. Approximately 30-70% of infected
animals may present a sustained increase in the absolute
number of lymphocytes in the bloodstream as permanent
lymphocytosis (PL), and 0.1-10% of bovines with more than
3 years of infection suffer from some lymphosarcoma (LS)
(Dees et al. 1996; WOAH 2021). The detection of BLV-
infected cattle is essential for infection control since most
animals do not show clinical sign, which makes their detec-
tion difficult through routine examination practices. How-
ever, some animals show exophthalmia, a degeneration of
the retro-ocular tissue or of the internal structures of the
eye, which is a sign of the disease (Malatestinic 2003). In
other cases, the lymph nodes enlarge in animals with more
than 3 years of infection and are detected on palpation. The
main serological methods used to identify BLV-infected cat-
tle are agar gel immunodiffusion (AGID) and enzyme-linked
immunoassay (ELISA) (Martin et al. 2001). Both diagnos-
tic techniques are recommended by the World Organization
for Animal Health (2021) for detecting specific antibodies
against the gp51 and p24 proteins that are part of the virus
envelope.

BVD belongs to the genus Pestivirus (Flaviviridae family)
(Donis 1995). The primary source of infection and reservoir
of the virus are persistently infected cattle. Most of the ani-
mals are infected in their early embryonic periods. They are
born clinically healthy but continuously shed large amounts
of the virus throughout their lives in the nasal secretion,
saliva, urine, fecal matter, tears, semen, and milk and are
called persistent infected (PI) animals (Navarro et al. 2023).
Acutely infected animals are also a source of infection,
although they shed the virus in low amounts and for short
periods (Houe 1999). Most BVD infections are subclinical
or moderate, with high morbidity and low mortality rates
(Baker 1987; Kelling 1996). One of the signs of acute infec-
tion is bovine neonatal diarrhea complex when the passive
transfer of antibodies from the cow to the newborn calf fails.
Reports of severe acute infection with high morbidity and
mortality associated with highly pathogenic viruses, charac-
terized by high fever, respiratory signs, diarrhea, abortions,
drop in milk production, and sudden death, are becoming
more frequent (Drake et al. 1996). The most significant
economic impact of BVD infection is caused by reproduc-
tive disorders (Moennig and Liess 1995). Serological tests,
such as ELISA, neutralization, and seroneutralization, have
been suggested as suitable tools for detecting the presence of
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BVD in bovine populations. Specifically, neutralization and
seroneutralization tests can detect neutralizing antibodies
against the virus that appear in the serum of post-infected
animals (OIE 2010).

Neosporosis is a pathology with worldwide diffusion that
has been reported as one of the leading causes of losses due
to abortion in bovines. It is caused by the protozoan N. cani-
num (Nc) (Dubey 1999). Dogs are definitive and intermedi-
ate hosts of these protozoans. Dogs eliminate oocysts in their
feces, which are ingested by other intermediate hosts, such
as cattle, by consuming contaminated pastures or feed. Once
Nc infects a cattle population, the main spreading route to
maintain the infection is the transplacental infection (Lind-
say et al. 1998; McAllister et al. 1998). Asymptomatic con-
genital infection predominates in adult bovines, potentially
causing various effects, such as abortion and mummification,
and, more rarely, neurological signs in neonates. Abortions
occur more frequently between four and six months of gesta-
tion, and autolysis occurs very frequently in the fetus (Easton
et al. 2003). Nc infection may be detected using histopatho-
logical, molecular, isolation techniques, and immunodiag-
nostic tests, such as ELISA, which is considered a stand-out
test (Dubey 2003).

This research determined the seroprevalence of BLV,
BVD, and Nc in specialized dairy herds in Antioquia-
Colombia and compared the seropositivity between regions,
municipalities, and bovine breeds (Image 1).

Material and methods
Study population

The study population comprised 224,714 cows milked in
specialized dairy herds in the Aburra Valley, north, and east
regions of the Department of Antioquia, Colombia, the larg-
est milk production regions in this department (DANE 2017).
The sample size was calculated with an expected prevalence
to BLV of 44% (Usuga—Monroy et al. 2018a, b), a relative
error of 10% (an absolute error of 4.4%), and a design effect
of 1.2, yielding a sampling universe of 599 bovines belong-
ing to 53 herds. They represented several breeds and crosses,
from animals aged a few months to 11 years. Cows belong-
ing to the three milk production regions were sampled in
16 municipalities of the Department of Antioquia. Three
municipalities were from the Aburra Valley region (Bello,
Girardota, and Medellin), seven were from the north region
(Belmira, Don Matias, Entrerrios, San José de la Montaiia,
San Pedro, Santa Rosa, and Yarumal), and six were from
the east region (Abejorral, Carmen de Viboral, La Ceja,
Marinilla, Rionegro, and Santuario). The samples were dis-
tributed as follows: 33 herds were located in the north, 10 in
the east, and 10 in the Aburra Valley. Management, feeding,
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Image 1 Geographical location of the study regions in the department of Antioquia

and health procedures varied and depended on each farm.
These are located in regions ecologically classified as low
montane very humid forest zones (bmh-mb), which have as
general climatic limits an approximate temperature between
12 and 18 °C and an average annual rainfall between 2000
and 4000 mm. Normally they extend in an altimetric band
from 1800 to 2800 m above sea level. A proportional num-
ber of samples was identified before sampling and randomly
obtained in each herd, depending on the herd size. A blood
sample was obtained (see below) from the following breeds
used in the specialized dairy in Antioquia: Jersey (JER;
n=40), Holstein (HO; n=191), Swedish Red (SR; n=17),
Swiss Brown X Holstein (SBHO; n=4), Jersey X Holstein
(JH; n=111), Swedish Red X Holstein (SRH; n=6), Ayr-
shire (AYR; n=9), Ayrshire X Holstein (AYRHO; n=4),
Swiss Brown (SB; n=4), unidentified breed (NN; n=197),
and others (Black-and-white (BON) X Holstein, Norman
(NORM), Angus (ANG) x Holstein, SR X JER, BON x HO,
NOR xHO, ANG X HO and JANG, and Gyrolando (GYR))
(n=16). Therefore, the sample universe constituted a rep-
resentative value of the information found in the specialized
dairy from Antioquia-Colombia.

Plasma and sera samples

Blood samples were taken from the middle coccygeal vein,
with an 18-G needle in a vacuum vacutainer system (VACU-
ETTE®) and EDTA as an anticoagulant to obtain plasma to
determine BLV seropositivity. The samples were homog-
enized using the inversion method and transferred under
refrigerated conditions (4 °C) to the Animal Biotechnology

laboratory of the Universidad Nacional de Colombia,
Medellin. The samples were centrifuged at 3,000 % g for
10 min, and the plasma was stored at — 20 °C until analysis.

The same protocol was followed for the diagnosis of sero-
positivity to BVD and Nc. Even so, tubes without anticoagu-
lants were used to obtain blood sera and were transported
at 4 °C to the Immunodiagnostic Laboratory of the Univer-
sity of Antioquia. Two 15 mL/cow tubes were centrifuged
at 3,000 x g for 10 min at 10 °C. Sera were recovered and
stored at — 20 °C until analysis.

Sample processing

For the BLV seropositivity analysis, the plasma samples
were processed using the ELISA technique, according to
the manufacturer’s instructions (Svanovir® BLV gp51-
Ab), in 96-well polystyrene plates with 100 pL of antigen
dilution buffer per well. Four microliters of the positive
and negative control sera and 4 pL of the plasma sam-
ples were seeded in duplicate in a total volume of 100
pL per well. The plate was sealed and incubated at 37 °C
for 1 h. The plate was washed three times with Abcam’s
phosphate-buffered saline (PBS)-Tween buffer, and 100
pL of horseradish peroxidase (HRP) conjugate was added
per well, incubated for 1 h at 37 °C, and subsequently
washed three times with Abcam’s phosphate-buffered
saline (PBS)-Tween buffer. After washing, 100 pL of the
substrate solution (ABTS) was placed in each well and
incubated for 10 min at room temperature. The reaction
was stopped by adding 50 pL of stopper solution to each
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well. The reading was conducted in a spectrophotometer
with a filter at 450 nm, using a corrected optical density
ratio (OD sample/OD-positive control) to interpret the
results.

For the Nc analysis, the serum samples were processed
using the ELISA technique according to the manufactur-
er’s instructions (IDEXX Neospora X2). In the antigen-
coated polystyrene plates, 100 pL of undiluted negative
control was added in duplicate to the wells, 100 pL of
undiluted positive control was added to the wells, and 100
pL of each diluted sample was added to the wells (1:100
with the kit diluent). Subsequently, the samples were
incubated for 30 min at 18-26 °C. Next, each well was
washed with approximately 300 pL of washing solution
four times. Then, 100 pL of the conjugate was added to
each well, allowing it to incubate for 30 min at 18-26 °C.
Later, each well was washed with approximately 300 pL of
washing solution four times. Finally, 100 pL of TMB sub-
strate (3,3°,5,5’-tetramethylbenzidine) was added to each
well and incubated for 15 min at 18-26 °C. The reaction
was stopped by adding 100 pL of the stopping solution in
each well to obtain the absorbance values at 620-650 nm.

The serum samples were processed using the ELISA
technique for the BVD analysis according to the manu-
facturer’s instructions (IDEXX BVDV p80 Ab). In the
polystyrene plates lined with the antigen, 50 pL of buffer
dilution was added to each well, 50 pL of negative control
was added to two wells, 50 pL of positive control was
added to one well, and 50 pL of each sample was added to
the remaining wells (one well per sample). Each well con-
tent was homogenized using a microplate shaker, and the
microplate was covered and incubated for 1 h at 18-26 °C.
Next, each well was washed with approximately 300 pL of
washing solution 3-5 times. Then, 100 pL of the diluted
conjugate was added to each well, and the microplate was
covered to incubate for 30 min at 18-26 °C. Each well was
washed three times with approximately 300 pL of washing
solution, and 100 pL. of TMB substrate (3,3°,5,5-tetra-
methylbenzidine) was added and incubated for 20 min at
18-26 °C in a dark place. The reaction was stopped by
adding 100 pL of stop solution to each well. Finally, the
OD of the samples and controls was measured at 450 nm.

According to the OD, those samples that obtained
a percentage positive value greater than or equal to 10
were considered positive for the presence of antibodies
against the BLV protein (gp51), according to the manu-
facturer’s criteria (yellow color). For BVD, those sam-
ples that obtained a biological reference percentage value
lower than or equal to 40 were considered positive for the
presence of antibodies against the protein, and those sam-
ples that obtained a biological reference percentage value
greater than 40 and less than 50 were considered doubtful.
For Nc, samples that obtained a biological reference value
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greater than or equal to 0.50 were considered positive for
the presence of antibodies.

Statistical analysis

The percentage of general seroprevalence of each pathogen
and the positivity percentage of each pathogen for each age
group, breed, municipality, and region were determined in
specialized dairies in Antioquia. The animals were grouped
according to the region of origin of the sample. The data sup-
plied by the Colanta dairy cooperative and those resulting
from the information collected during sample processing were
integrated into a single Excel database to obtain reliable infor-
mation for the analyses. For BLV, BVD, and Nc, chi-square
() tests were performed since there was no normal distribu-
tion in the results. Comparisons between the averages of the
observed prevalence frequencies of the pathogens between
age groups, breeds, municipalities, and regions of origin of
the sample were performed. The statistical package R version
1386 4.2.0 (R Core Development Team 2023) was used. The
significance value was assumed when p was lower than 0.05.

Results and discussion

BLYV is distributed worldwide, and its prevalence varies
widely between countries and continents. BLV has a high
seroprevalence in the USA, one of the leading producers of
bovine milk (83.9% of worldwide production; USDA 2007).
High bovine seroprevalences have also been found in South
America. For instance, seroprevalences were approximately
24% in Chile (Grau and Monti 2010), 27.78% in Brazil
(Bianchi 2003), and 27.78% in Uruguay (Algorta 2014).
The results of general seropositivity and region preva-
lence for the three pathogens evaluated are shown in Table 1.

Table 1 Seroprevalence of BLV, BVD, and Nc in three regions of the
Department of Antioquia-Colombia

Region North East Aburra Valley  Total
Number of animals 393 89 117 599
BLV + 145 42 55 242
BLV - 248 47 62 357
Seropositives (%) 36.87°  47.02"  46.02° 41.13
BVD+ 104 16 12 132
BVD- 289 47 105 441
Seropositives (%) 2647 17.54** 98P 22.7
Nc+ 89 30 44 163
Nc— 304 59 62 425
Seropositives (%) 22.67°  33.89* 37.28* 28.48

Different letters depict statistical differences (p <0.05)
Significant statistical differences are highlighted in black
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In this study, the seroprevalence for BLV in the specialized
dairy in Antioquia was 41.13% (242 positive animals out of
599 sampled), demonstrating the circulation of the bovine
leukosis virus in the dairy herds of the department. Bautista
et al. (2013) found a seroprevalence of 15% in serum sam-
ples from the Department of Boyaca obtained from heif-
ers and cows in production. The lower value found could
be explained by the type of production system since these
authors evaluated the seroprevalence of the virus in double-
purpose cattle and not in specialized dairy cows. In another
study conducted in Colombia, a seroprevalence of 54.6%
was reported in 1000 samples of pure Holstein bovines from
10 dairy municipalities in Antioquia (Usuga—Monroy et al.
2018a, b). It should be noted that the lower seroprevalence
found in our study may be due to the presence of different
breeds and crosses that are used in specialized commercial
dairy herds in Antioquia.

In this investigation, a seroprevalence of 28.48% was
found in specialized dairies in Antioquia for Nc and 22.7%
for BVD. These results differ from those reported in a study
of cattle from an indigenous reservation in Cauca (Colom-
bia), where the infection with the highest seroprevalence of
50% was for BVD, followed by bovine neosporosis (36%)
(Valdez et al. 2018). Likewise, high seropositivity for bovine
neosporosis (63%) was found in the Department of San-
tander, followed by BVD (29.7%), and leukosis (21.8%) in
a population of 440 cows (Vargas-Nifio et al. 2018).

A statistical significance was found between the means
for the north region and the regions of Aburra Valley and the
east in this investigation. The highest BLV seroprevalence
was found in the east, with a percentage of 47.02%, followed
by Aburra Valley, with a 46.02% seropositivity. Finally, the
north had a seropositivity of 36.87%.

No statistically significant differences were found
between the means of Nc for the three regions. Specifically,
the highest seroprevalence was found in the Aburra Val-
ley, with a percentage of 36.63%, followed by the eastern
region, with 31.03% seropositivity, and finally, the north
region, with 24.26%.

A statistically significant difference was found between
the mean of the north and the Aburra Valley regarding BVD.
Still, no statistically significant differences were found
among the regions. The highest seroprevalence was found
in the north (25.03%), followed by the east (21.62%), and by
the Aburra Valley (10.39%).

At the municipal level, the highest BLV seroprevalence
was found in the herds in La Ceja (east region; 57.87%). The
lowest seroprevalence was found in the herds from San José
de la Montafa (north region; 19.44%). For Nc, the high-
est seroprevalence was found in the herds in Bello (Aburra
Valley; 55.55%). The lowest seroprevalence was found in
the herds in Abejorral (east; 0%). Finally, the highest BVD
seroprevalence was found in the herds in San Pedro de los

Milagros (north; 37.54%), and the lowest seroprevalence
was found in the herds in Abejorral (east; 0%). These val-
ues showed the wide pathogen distribution in the differ-
ent municipalities in the leading specialized dairy herds in
the Department of Antioquia. Statistical significance was
found when comparing the BVD frequencies (y*>=13.58;
p=0.009) and the Nc presence (y*>=16.70; p=0.002) at the
regional level. Still, at the regional level, a statistically sig-
nificant difference was not found for BLV seroprevalences
(¥*=5.83; p=0.21). Additionally, there was no statistical
significance for BLV at the municipality level (y*=16.40;
p=0.36). Nonetheless, there were differences in BVD prev-
alence at the municipality level (y*=113.80; p=2.99"7)
and Nc seroprevalences at the municipality level (y*>=28.53;
p=0.02).

Multiple results have been published related to the pres-
ence of BLV in different Colombian departments. A sero-
prevalence of 21% was found in animals presenting repro-
ductive problems in the Department of Cérdoba (Betancur
and Rodas 2008), a lower value than that found here. This
may be due to the system production type since it was evalu-
ated in Zebu and double-purpose cattle and not in special-
ized dairy systems. The serological prevalence of BLV in
specialized dairy herds in the Municipality of San Pedro de
los Milagros in the Department of Antioquia was 12.07%,
using the AGID technique. Specifically, a high prevalence
was found in the age group from 5 to 9 years (Aguilar 1989).
The same technique was used to evaluate blood serum sam-
ples from the Sabana de Bogota and the Ubaté and Chiquin-
quira Valleys, and seroprevalence of 45.28% was found
(Alfonso et al. 1998).

The results refer to the detection of BLV in bovine plasma
samples and BVD and Nc in bovine serum. There was no
statistical significance between the mean frequencies related
to the presence of BLV in different breeds ()(2= 16.69;
p=0.34). This coincides with the study reported by Betan-
cur and Rodas (2008), who found no statistical significance
between the prevalence of the diseases in specialized dairy
breeds. No statistical significance was found in our study for
the presence of Nc in different breeds (*>=14.62; p=0.48).
Still, there was a statistical significance between the pres-
ence of BVD in different breeds (y*=29.19; p=0.02):
Brown Swiss (BS) and Swedish Red (SR) breeds presented
more seropositivity than BSHO, AYRHO, SRHO, and AYR
breeds.

As observed in Fig. 1, the percentage of BLV prevalence
was high in the AYRHO and AYR breeds (100% and 62.5%,
respectively). The BS and SRHO breeds had the lowest BLV
presence among the sampled breeds (27.77% and 33.33%,
respectively), except for breeds with 0% seroprevalence,
such as BSHO, BONHO, NORHO, ANGHO, BON, and
JANG. The percentage of BVD positivity was high in the
BON and JANG breeds (100% of both). The RS and JH

@ Springer



294 Page 6 of 10 Tropical Animal Health and Production (2023) 55:294
HBLV EEBVD ENc
C
ab b
, al ab bc
R a au b i
Lus a
Z a a
f— El -
3 b
o a
— da
o
g Bl B g 1
<12 MONTHS 12-29 MONTHS 1-3 4 -6 6
AGE

Fig. 1 Seroprevalence of BLV, BVD, and Nc in the main breeds used
in specialized dairy production in Antioquia (Colombia). Different
letters depict statistical differences (p<0.05). JER Jersey, HO Hol-
stein, SR Swedish Red, JH Jersey X Holstein, AYR Ayrshire, SRHO

breeds had the lowest BVD presence (22.22% and 28.3%,
respectively), except for the sampled breeds in which BVD
was not found (i.e., NORHO and ANGHO). The positivity
of Nc in the sampled breeds was high in the BONHO and
TRI individuals (50% and 40%, respectively). Individuals in
the JER and RS breeds had the lowest positivity (15% and
11.11%, respectively). The breeds in which BVD was not
found were RSHO, NORHO, and ANGHO. The presence
of these pathogens in dairy cattle breeds is more significant
than in other bovine production systems (Chamizo 2005).
This is because there is extensive exposure to inadequate
intensive management practices, such as reusing needles
during vaccination processes (Ortega et al. 2016). For
instance, reusing contaminated gloves on different animals
during the palpation exam leads to the spreading of the virus
(Divers et al. 1995). These practices explain the differences
between the seroprevalences in this work and those reported
by other authors.

The BLV seroprevalence for HO in our study was 39.34%.
In a study conducted in Valle del Cauca, it was 83.3%
(Hernandez et al. 2011, like another study in 2012, with
77.8% positivity for HO cows in Valle del Cauca (Cada-
vid 2012). These subregions and municipalities are highly
related to the presence of the virus. The association between
the region and the presence of the disease has also been
established elsewhere (Hernandez et al. 2011). It was dis-
cussed that this association might be related to the place
of origin and differences in production systems. The sero-
prevalence of BLV in the Department of Antioquia during
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Swedish Red xHolstein, AYRHO Ayrshire x Holstein, SB Swedish
Brown, SBHO Swedish Brown X Holstein, NN unidentified breed,
Other Other breeds, Nc Neospora caninum, BVD bovine viral diar-
rhea, BLV bovine leukosis virus

2004 was 44% in HO dairy cattle, with variations within
farms ranging from 21 to 85% (FEDEGAN 2015). At the
same time, variations among municipalities analyzed with
the PCR diagnostic method were between 16 and 88% but
showed similar molecular prevalence (44%).

It needs to be considered that EBL is typically a chronic
disease. It is pertinent to epidemiologically assess whether
there is a statistical significance between the prevalence of
the disease in animals of different ages and parturition num-
ber. For BLV and BVD, a statistically significant difference
was found between the means of seroprevalence of animals
younger than 12 months and animals with more than 6 years.
It was also found that there was a statistically significant dif-
ference between the BVD seroprevalence in animals younger
than 12 months, animals between 12 and 29 months, animals
with 1-3 and parturitions, and animals with 4—6 parturitions.
No statistically significant differences were found for Nc
regarding the means related to age or number of parturitions
in the animals.

As shown in Fig. 2, there was 32.88% seropositivity to
BLYV, 6.85% seropositivity to BVD, and 12.33% seroposi-
tivity to Nc when the analysis was conducted in individu-
als> 1 year of age. There was a 41.82% seropositivity to
BLV, 14.55% seropositivity to BVD, and 23.64% seroposi-
tivity to Nc in individuals aged 1 year and that had their
first birth. There was 38.95% seropositivity to BLV, 36.14%
seropositivity to BVD, and 27.71% seropositivity to Nc in
individuals with 1-3 births. There was 42.45% seroposi-
tivity to BLV, 36.79% seropositivity to BVD, and 23.58%
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Fig.2 Seroprevalence of BLV,
BVD, and Nc according to age
(months) and parturition num-
ber (1-3, 4-6, and more than
six births) in specialized dairy
cows from the Department of
Antioquia (Colombia). Different
letters depict statistical differ-
ences (p<0.05)

seropositivity to Nc for individuals with 4—6 births. There
was 46.47% seropositivity to BLV, 54.92% seropositivity to
BVD, and 30.98% seropositivity to Nc in individuals with
more than six births. Significant seropositivity to BLV and
BVD was found in individuals with more than three births, in
agreement with the findings of Betancur and Rodas (2008),
Nava et al. (2011), and Ohno et al. (2015). These researchers
reported that the highest seropositivity was found in animals
with more than three parturitions.

Gutiérrez et al. (2011) also found that the BLV and BVD
seroprevalences varied between 40 and 60% in animals that
had more than three calving. These values coincide with
those found in the present study, which varied between
36.79 and 54.92%. Still, the seropositivity values found by
Gutiérrez et al. (2011) in newborn animals until the first
parturition differed from those found in this study, which
varied between 11 and 24% and was lower than range of
variation of 6.85% and 41.82% found in our research. This
was consistent with the study reported by Resoagli et al.
(1991), who indicated that BLV occurs more frequently in
adult animals. Although these researchers found some cases
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occurring at young ages, the disease only manifested dur-
ing adulthood and could also be explained by accumulated
exposure to infected animals over the years. In this sense,
it is clear that infected and uninfected animals were in the
same environment and under the same maintenance con-
ditions. Therefore, it can be said that the risk factors that
predispose animals to the disease due to the effect of these
pathogens can be given mainly by the breed, their handling,
and the practices conducted in the herds. This latter aspect
must be considered to prevent disease manifestations and
control their spreading. Acceptable livestock practices must
be encouraged in the place of study and all dairy production
regions in the country.

There are various factors as potential routes of infec-
tion, these are related to deficiencies in zootechnical and
veterinary control in specialized dairy herds, such as ignor-
ing the health status of animals and transferring animals
within and between herds, which are the main causes of dis-
semination. of pathogens. In addition, the lack of adequate
controls from relevant authorities and the lack of awareness
among producers are significant issues enhancing pathogen
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dissemination. This lack of efficient controls resulted in
infected animals being introduced in regions and herds that
were once pathogen-free (Grau and Monti 2010). Accord-
ing to Castelli et al. (2001), the type of livestock production
system influences disease prevalence. Animals in intensive
farms are exposed to overcrowding, high contact with other
animals, and several handling by operators. Such features
are typical in specialized dairies in high tropical regions.
Poor management and veterinary practices within each herd
also caused seropositive animals to transmit the disease to
uninfected animals within the herds (Grau and Monti 2010).
The most frequent veterinary misconducts include using the
same needle to vaccinate several animals, deficient programs
for hematophagous parasite control (Delgado et al. 2009),
diagnostic palpations and artificial insemination conducted
without adequate aseptic practices, and the reuse of palpa-
tion gloves.

The differences between the BVD seroprevalence found
in this study concerning other authors may be due to sam-
pling size and other factors, such as the region or municipali-
ties (Rivera et al. 2018). Similarly, age, vaccination, abortion
history of cows, and history of diarrhea are associated with
exposure to the BVD virus (Buitrago et al. 2018). In con-
trast, Corro et al. (2017) determined that animals in herds of
200 or more were 1.5 times more likely to be infected than
animals in smaller herds in Bolivar, Venezuela. Regarding
N, it has been reported in several studies that the inadequate
handling by the personnel in charge of the animals and the
presence of rodents (Arauco 2018), the number of dogs in
the herd, and the outdoor disposal of animal remains (Por-
tocarrero et al. 2015) are risk factors for bovine neosporosis.
However, these risk factors were beyond the scope of our
study, and further research comprising such issues in the
Department of Antioquia is needed.

Conclusions

BLYV seroprevalence in plasma samples from specialized
dairy herds in Antioquia was 41.13%. The seroprevalence
of Nc and BVD in the serum samples was 28.48% and
22.7%, respectively. Such high seroprevalences indicate
the increased possibility of pathogen dissemination within
and between the Department of Antioquia dairy herds and
the possible effect of various aspects linked to the produc-
tion system, such as management practices. A serological
diagnosis of BLV, BVD, and Nc is proposed as diagnostic
alternatives in dairy herds.

The presence of BLV was not detected in two herds,
BVD in 15 herds, and Nc in seven herds, which shows that
it is possible to have pathogen-free herds in specialized

@ Springer

dairies in Antioquia. Given the high prevalence of these
pathogens in other herds in the Department of Antioquia
and Colombia, it should be noted that it may be an indica-
tor of good management and sanitary control carried out
in the herds where these samples come from.

High seroprevalence to BLV, BVD, and Nc was found
in individuals with more than three parturitions. This indi-
cates that, at the herd level, these animals may become the
most affected in their productive and reproductive indices.

It is necessary to work on these issues more closely
in the Department of Antioquia and Colombia, integrat-
ing producers, professionals (e.g., animal technicians
and veterinarians), and livestock unions to raise aware-
ness about the importance of adequate control of these
pathogens. Additionally, all of these stakeholders must
be taught about proper animal management, seeking to
continue with research that contributes to improving milk
production in Antioquia-Colombia.

Acknowledgements It was performed in collaboration with herds and
specialized dairy producers, who provided productive and reproductive
information to conduct the respective analysis.

Author contribution All the authors contributed to the conception and
design of the study. The preparation of the material, the collection, and
the data analysis were conducted by C. C.R. G.,,Z. T.R.C.,and A. L.
H. C. C. R. G. wrote the first draft of the manuscript, and all authors
contributed to its subsequent versions. All authors read and approved
the final manuscript.

Funding Open Access funding provided by Colombia Consortium This
research was funded by the Universidad de Antioquia (https://www.
udea.edu.co), the Universidad Nacional de Colombia (https://unal.edu.
co), the Government of Antioquia (https://www.antioquia.gov.co), the
Universidad Pontificia Bolivariana and COLANTA dairy cooperative
through the CONVOCATORIA CONJUNTA DE PROYECTOS EN
EL MARCO DE LA AGENDA REGIONAL DE I+D del 2020. The
funder was not involved in the study design, data collection and analy-
sis, publication decisions, or manuscript preparation.

Data availability The datasets generated and/or analyzed during the
current study are not publicly available because the information con-
tains proper names of herds and producing areas participating in the
study, but are available from the corresponding author upon reasonable
request.

Declarations

Ethical approval For the development of this research, approval was
obtained from the CICUA of the Univerisdad Nacional de Colombia
sede Medellin (Constituted by agreement D20 of 2020) on August 28,
2020. Therefore, the research was conducted following the standards
of ethics established in the Declaration of Helsinki of 1964 and its
subsequent amendments.

Knowledge statements The manuscript does not contain clinical stud-
ies or patient data.

Conflict of interest The authors declare no competing interests.


https://www.udea.edu.co
https://www.udea.edu.co
https://unal.edu.co
https://unal.edu.co
https://www.antioquia.gov.co

Tropical Animal Health and Production (2023) 55:294

Page9of 10 294

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Aguilar, L, 1989. Prevalencia serolégica de la leucosis enzoética
bovina en hatos lecheros del municipio de San Pedro Antioquia
(Colombia): Universidad de Antioquia, Facultad de Medicina
Veterinaria y Zootecnia. Revista Colombiana de Ciencias Pec-
uarias, 61 p.

Alfonso, R, Almansa, J and Barrera, C, 1998. Prevalencia serologica
y evaluacién de los factores de riesgo de la leucosis bovina
enzodtica en la Sabana de Bogota y los Valles de Ubaté y de
Chiquinquird, Colombia. Revue Scientifique et Technique,
17(3), 1998, p. 723-732.

Algorta, A., 2014. Leucosis bovina enzodtica en un campo de recria
de ganado lechero en el sur del Uruguay (Tesis doctoral en
Ciencias Veterinarias inédita). Montevideo (Uruguay): Uni-
versidad de la Repiiblica, Facultad de Veterinaria, 2014, 27 p.

Arauco, F, 2018. Seroprevalencia y factores de riesgo de neosporosis
bovina en el Valle del Mantaro-Region Junin, Perd. Revista de
Investigaciones Veterinarias del Pert 29:1430. https://doi.org/
10.15381/rivep.v29i4.15195

Baker, JC, 1987. Bovine viral diarrhea virus: A review, Journal of
the American Veterinary Medical Association, 190: 1449-1458.

Bautista, NA, Nova, YA, Pulido, MO and Andrade, RJ, 2013. Sero-
logical determination of enzootic bovine leukosis in raise heif-
ers and adult cows of the Morichal path in Yopal, Casanare.
Revista de Ciencia y Agricultura Vol. 10 - N°. 1 Enero - Junio
2013, p.31-37 ISSN 0122-8420.

Betancur, C and Rodas, J, 2008. Seroprevalencia del virus de la
leucosis bovina en animales con trastornos reproductivos de
Monteria. Revista MVZ Cérdoba, 13, 2008, p. 1197-1204

Beyer, J, Kollner, B, Teifke, J, Starick, E, Beier, D, Reimann, L,
Grunwald, U and Ziller, M, 2002. Cattle infected with Bovine
Leukemia Virus may not only develop persistent B-cell lym-
phocytosis, but also persistent B-cell lymphopenia. Journal of
Veterinay Medicine Series B, 49 (6):270-277.

Bianchi, I, 2003. Prevaléncia da leucose enzodtica bovina na regiao
Norte Fluminense (dissertacdo de mestrado ndo publicada em
producdo animal). Campos dos Goytacazes (Brasil): Universi-
dade Estadual do Norte Fluminense Darcy Ribeiro, Centro de
Ciéncias de Tecnologias Agropecudrias, 2003, 26 p.

Buitrago, ER, Jiménez, C y Zambrano, JL, 2018. Identificacion de
factores asociados con la exposicion al virus de la diarrea viral
bovina (VBVD) en terneras de hatos lecheros de La Sabana de
Bogota. Revista de la facultad de Medicina Veterinaria (Bogot4)
1: 63-73. https://doi.org/10.19052/mv.5172

Cadavid, L, 2012. Impacto del virus de la leucosis bovina en la
produccion de leche. Tesis de Maestria. Facultad de Ciencias
Agropecuarias, Universidad Nacional de Colombia. Palmira.
Colombia. http://www.bdigital.unal.edu.co/9308/1/lascarioar
temocadavidgutierrez.2012

Castelli, ME y Vanzini, V, 2001. Prevalencia de anticuerpos contra la
rinotraqueitis y la leucosis viral bovina en vaquillonas Holando
Argentino preservicio del centro de Santa Fe y este de Cérdoba.
Evolucién de la infeccién de Leucosis enzodtica bovina. Anales
del 24° Congreso Argentino de Produccién Animal de Ciencias
Veterinarias. Buenos Aires, p. 49.

Chamizo, EG, 2005. Leucosis bovina enzootica: Revision. Revista
Electronica de Veterinaria RE-DVET, Vol VI, No 7.

Corro, A, Escalona, J, Mosquera, O y Vargas, F, 2017. Factores de
riesgo asociados a la seroprevalencia de diarrea viral bovina
en vacas y novillas no vacunadas en el municipio Bolivar del
Estado Yaracuy, Venezuela. Gaceta de Ciencias Veterinarias
22:27-32.

DANE. Explotacién bovina y produccién de leche en los municipios
de Antioquia. 2017. http://www.antioquiadatos.gov.co/index.
php/1-6-explotacion-bovina-y-produccion-de-leche-en-los-
municipios-de-antioquia-ano-2017

De la Sota M. Manual de procedimientos leucosis bovina enzootica,
Direccién Nacional de Sanidad y Calidad Agroalimentaria. Bue-
nos Aires, SENASA, 34p. 2005. http://www.intranet.senasa.gov.
ar/intranet/imagenes/archivos/dnsa/manuales_de_procedimiento/
09%20Leucosis.pdf.

Dees, C, Godfrey, V, Schultz, R and Travis, C, 1996. Wild-type p53
reduces the size of tumors caused by bovine leukemia virus-
infected cells. Cancer Letter, 101(1), p.115-122.

Delgado, I, Alfonso, A, Martinez, N, Abeledo, M, Rodrigues, M y
Barrera, M, 2009. Presencia de anticuerpos al virus de la leucosis
bovina en rebafios pertenecientes a las provincias occidentales y
centrales de Cuba. Revista de Salud Animal; 31(1):24-28.

Divers, T, Batrtholome, W and Gallingan, D, 1995. Evidence for
transmission of bovine leukemia virus by rectal palpation in com-
mercial dairy herd. Preventive Veterinary Medicine, 23, 1995, p.
133-141.

Donis, RO, 1995. Molecular biology of bovine viral diarrhea virus and
its interactions with the host. Journal of Veterinary Clinics North
American, 11: 393-423.

Drake, T, Moore, D, Whitlock, R, Castro, A, Hattel A, Reams, R and
Stoffregen, W, 1996. An outbreak of acute BVD in Pennsylvania
cattle. International Symposium Bovine Viral Diarrhea Virus a 50
Year Review, Cornell University, USA, pp. 208.

Dubey, J, 1999. Neosporosis in cattle: biology and economic. Journal
of the American Veterinary Medical Association, 214: 1160-1163.

Dubey, JP, 2003. Neosporosis in cattle. International Journal for Para-
sitology, 89:542-546

Easton, C, Paullier, C, Bafiales, P, Repiso, M and Herrera, B, 2003.
Aborto bovino: casuistica y optimizacion del diagnéstico en la
DILAVE “Miguel C.Rubino.” Revista de Medicina Veterinaria
de la escuela de Montevideo, 38 (152- 153): 25-3.

Emanuelsson, U, Scherling, K and Pettersson, H, 1992. Relationships
between herd bovine leukemia virus infection status and reproduc-
tion, disease incidence, and productivity in Swedish dairy herds.
Preventive Veterinary Medicine, 12(1-2), 121-131.

FEDEGAN. Federacién Colombiana de Ganaderos. Carta Fedegan
142: El consumo de sal mineralizada en el sector bovino. 2015.
Bajo consumo, baja productividad. http://www.fedegan.org.co//
cartafedegan-142-el-consumo-de-sal-mineralizada-en-el-sector-
bovinobajo-consumo-baja-productividad

FEDEGAN. Federacion Colombiana de Ganaderos. Ganaderia colom-
biana, hoja de ruta 2018-2022. 2018. https://www.fedegan.org.co/
estadisticas/documentos-de-estadistica

Grau, M and Monti, G., 2010. Prevalencia seroldgica predial e intrapre-
dial para el virus de la leucosis bovina (VLB) en lecherias de
las regiones de Los Rios y de Los Lagos de Chile. Archivos de
Medicina Veterinaria, 42(2), 2010, p. 87-91.

Gutiérrez, G, Alvarez, I, Politzki, R, Lomonaco, M, Dus Santos, M and
Rondelli, F, 2011. Natural progression of bovine leukemia virus

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15381/rivep.v29i4.15195
https://doi.org/10.15381/rivep.v29i4.15195
https://doi.org/10.19052/mv.5172
http://www.bdigital.unal.edu.co/9308/1/lascarioartemocadavidgutierrez.2012
http://www.bdigital.unal.edu.co/9308/1/lascarioartemocadavidgutierrez.2012
http://www.antioquiadatos.gov.co/index.php/1-6-explotacion-bovina-y-produccion-de-leche-en-los-municipios-de-antioquia-ano-2017
http://www.antioquiadatos.gov.co/index.php/1-6-explotacion-bovina-y-produccion-de-leche-en-los-municipios-de-antioquia-ano-2017
http://www.antioquiadatos.gov.co/index.php/1-6-explotacion-bovina-y-produccion-de-leche-en-los-municipios-de-antioquia-ano-2017
http://www.intranet.senasa.gov.ar/intranet/imagenes/archivos/dnsa/manuales_de_procedimiento/09%20Leucosis.pdf
http://www.intranet.senasa.gov.ar/intranet/imagenes/archivos/dnsa/manuales_de_procedimiento/09%20Leucosis.pdf
http://www.intranet.senasa.gov.ar/intranet/imagenes/archivos/dnsa/manuales_de_procedimiento/09%20Leucosis.pdf
http://www.fedegan.org.co//cartafedegan-142-el-consumo-de-sal-mineralizada-en-el-sector-bovinobajo-consumo-baja-productividad
http://www.fedegan.org.co//cartafedegan-142-el-consumo-de-sal-mineralizada-en-el-sector-bovinobajo-consumo-baja-productividad
http://www.fedegan.org.co//cartafedegan-142-el-consumo-de-sal-mineralizada-en-el-sector-bovinobajo-consumo-baja-productividad
https://www.fedegan.org.co/estadisticas/documentos-de-estadistica
https://www.fedegan.org.co/estadisticas/documentos-de-estadistica

294 Page 10 of 10

Tropical Animal Health and Production (2023) 55:294

infection in Angertinean dairy cattle. Veterinary Microbiology.
2011; 151 (3-4): 255-263.

Hernandez, Y, Posso, M, Benavides, J, Mufioz, J, Giovambattista, G,
y Alvarez, L, 2011. Deteccion del virus de la leucosis bovina
en ganado criollo colombiano mediante PCR-anidado. Acta
Agrondmica, 60: 312-318.

Houe, H, 1999. Epidemiological features and economical importance
of bovine virus diarrhea virus (BVDV) infections. Veterinary
Microbiology. 64: 89-107.

Kelling, CL, 1996. The effects of BVDV infection on cattle. Preventive
Veterinary Medicine. 91: 862863.

Lindsay, O, Lenz, S, Oykstra, C, Blagburn, B and Oubey, J, 1998.
Vaccination of mice with Neospora caninum: response to oral
challenge with Toxoplasma gondii oocysts. International Journal
for Parasitology, 84: 311-315.

Malatestinic, A, 2003. Bilateral exophthalmos in a Holstein cow with
lymphosarcoma. Canadian Veterinay Journal, 44(8), p. 664-666.

Martin, D, Arjona, A, Soto, I, Barquero, N, Viana, M and Gémez-
Lucia, E, 2001. Comparative study of PCR as a direct assay and
ELISA and AGID as indirect assays for the detection of bovine
leukaemia virus. Journal of veterinary medicine. B, Infectious
diseases and veterinary public health, 48(2), p. 97-106.

McAllister, M, Oubey, J, Lindsay, O, Jolley, W, Wills, R and McGuire,
A, 1998. Dogs are definitive hosts of Neospora caninum. Interna-
tional Journal for Parasitology, 28: 1473-1478.

Moennig, V and Liess, B, 1995. Pathogenesis of intrauterine infections
with bovine viral diarrhea virus. Journal of Veterinary Clinics of
North America: Food Animal Practice, 11: 477-487.

Nava, Z, Obando, C, Molina, M, Bracamonte, M y Tkachuk, O, 2011.
Seroprevalencia de la leucosis enzoodtica bovina y su asociacion
con signos clinicos y factores de riesgo en rebaiios lecheros del
Estado de Barinas, Venezuela. Revista de la Facultad de Ciencias
Veterinarias UVC, 201; 52(1):13-23.

Navarro, R, Diego, J, Rocha, M, Villareal, M, Solis, M, Rojas, E,
Goémez, N, 2023. Caracterizacion del virus de la diarrea viral
bovino subtipo 1b aislado de un caso de la enfermedad de las
mucosa. Revista Mexicana de Ciencias Pecuarias. https://doi.org/
10.22319/rmcep.v14i1.6200

Ohno, A, Takeshima, S, Matsumoto, Y and Aida, Y, 2015. Risk factors
associated with increased bovine leukemia virus proviral load in
infected cattle in Japan from 2012 to 2014. Virus Research. 2015;
210:283-290.

OIE, 2010 Manual de las pruebas de diagndstico y de las vacunas para
animales terrestres. Capitulo 2.10.6. Diarrea Viral Bovina. 58 ed,
Paris, OIE 2:11271140.

Ortega, D, Sénchez, A, Tobon, J, Chaparro, Y, Cortés, S and Gutiérrez,
M, 2016. Seroprevalence and risk factors associated with bovine
leukemia virus in Colombia. Journal of Veterinary Medicine and
Animal Health. Vol. 8(5), pp. 35-43. https://doi.org/10.5897/
JVMAH2016.0457.

Portocarrero, C, Pinedo, R, Falcén, N y Chéavez, A, 2015. Risk fac-
tors associated with the seroprevalence of Neospora caninum in

@ Springer

naturally infected bovine in the tropical highlands of Oxapampa,
Peru. Revista de Investigaciones Veterinarias del Perd 26: 119—
126. https://doi.org/10.15381/rivep.v26i1.10916

R Core Team, 2023. R: A Language and Environment for Statistical
Computing. Vienna, Austria. Retrieved from https://www.R-proje
ct.org/

Resoagli, JP, Jacobo, RA, Storani, CA, Cipolini, MF, Stamatti, GM,
Deco, M, Alfonzo, D. 1991. Seroprevalencia de la leucosis bovina
enzootica bovina en rodeos lecheros de la region noroeste de la
Provincia de Corrientes, Argentina. Catedra de Enfermedades
Infecciosas, Facultad de Ciencias Veterinarias, UNNE.

Rivera, DC, Rincén, JC, Echeverry, JC, 2018. Prevalencia de algunas
enfermedades infecciosas en bovinos de resguardos indigenas del
Cauca, Colombia, 2017. Revista UDCA Actual Divulg Cient 21:
507- 517. https://doi.org/10.31910/rudca.v21.n2.-2018.983

United States Department of Agriculture (USDA). Bovine Leukosis
Virus (BLV) on U.S. Dairy Operations. 2007. https://www.aphis.
usda.gov/animal_health/nahms/dairy/downloads/dairy07/Dairy
07_is_BLV.

Ijsuga-Monroy, C, Diaz, FJ., Echeverri, JJ, Gonzalez, LG, and Lépez,
A, 2018a. Presence of bovine leukemia virus genotypes 1 and 3 in
Antioquia, Colombia. Revista U.D.C.A, 21(1), 119-126.

stuga-Monroy, C, Echeverri, JJ, Lopez, A, 2018b. Deteccion molecu-
lar y seroldgica del virus de la leucosis bovina en una poblacion
de vacas Holstein, de Colombia. 9(2):387-99. http://10.0.87.47/
rmcp.v9i2.4232%0Ahttp://search.ebscohost.com/login.aspx?
direct=true&db=a%h& AN=128891067&lang=es&site=ehost-liv

Valdez, E, Pacheco, I, Vergara, W, Pinto, J, Fernandez, F, Guzman, F,
Navarro, D y Rivera, H, 2018. Identificacién de bovinos persis-
tentemente infectados y genotipo del virus de la diarrea viral en
bovinos de Anta, Cusco, Perd. Revista de Investigaciones Vet-
erinarias del Pera 29: 1522—-1532. https://doi.org/10.15381/rivep.
v29i4.15192

Vargas-Nifio, AR, Vargas, J, Parra, JA, Vasquez, RM, Géngora, OA
and Mogollén-Waltero, E, 2018. Serological status of IBR, BVD,
leucosis, Leptospira and Neospora caninum in bovine females of
the department of Santander, Colombia. Revista MVZ Cordoba
23: 6671-6680. https://doi.org/10.21897/rmvz.1341

World Organisation for Animal Health (WOAH). Manual of Diagnostic
Tests and Vaccines for Terrestrial Animals 2021. 2021. http://
www.oie.int/fileadmin/Home/esp/Health_standards/tahm/2.04.
10_Leucosis_bovina_enzo%C3%B3tica.pdf.

‘Wu, D, Murakami, K, Morooka, A, Jin, H and Sentsui, H, 2003. In vivo
transcription of bovine leukemia virus and bovine immunodefi-
ciency-like virus. Virus Research, 97(2), p. 81-87.

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.22319/rmcp.v14i1.6200
https://doi.org/10.22319/rmcp.v14i1.6200
https://doi.org/10.5897/JVMAH2016.0457
https://doi.org/10.5897/JVMAH2016.0457
https://doi.org/10.15381/rivep.v26i1.10916
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.31910/rudca.v21.n2.-2018.983
https://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/dairy07/Dairy07_is_BLV
https://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/dairy07/Dairy07_is_BLV
https://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/dairy07/Dairy07_is_BLV
http://10.0.87.47/rmcp.v9i2.4232%0A
http://10.0.87.47/rmcp.v9i2.4232%0A
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=128891067&lang=es&site=ehost-liv
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=128891067&lang=es&site=ehost-liv
https://doi.org/10.15381/rivep.v29i4.15192
https://doi.org/10.15381/rivep.v29i4.15192
https://doi.org/10.21897/rmvz.1341
http://www.oie.int/fileadmin/Home/esp/Health_standards/tahm/2.04.10_Leucosis_bovina_enzo%C3%B3tica.pdf.
http://www.oie.int/fileadmin/Home/esp/Health_standards/tahm/2.04.10_Leucosis_bovina_enzo%C3%B3tica.pdf.
http://www.oie.int/fileadmin/Home/esp/Health_standards/tahm/2.04.10_Leucosis_bovina_enzo%C3%B3tica.pdf.

	Bovine leukosis virus, bovine viral diarrhea, and bovine neosporosis seroprevalence in specialized dairy herds in Antioquia-Colombia
	Abstract
	Introduction
	Material and methods
	Study population
	Plasma and sera samples
	Sample processing
	Statistical analysis

	Results and discussion
	Conclusions
	Acknowledgements 
	References


