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Abstract
A cross-sectional study was conducted in Colombia to recover Brucella spp. DNA from bovine whole-
blood samples through probe-based real-time PCR (Probe-qPCR) and by an SNP-based assay,
differentiating vaccine strains from �eld strains. The associated factors for the presence of Brucella-DNA
were reported and evaluated using logistical regression models. A total of 656 random cows from 40
herds were selected. Template DNA was obtained based on a modi�ed salting-out protocol. The Probe-
qPCR assay using bcsp31 gene ampli�cation showed an e�ciency of 92.35%, with a slope of -3.52
reached in the standard curve. The qPCR assay detected 9.5% (n = 62/656; 95% CI: 7.3,12.0) of the
animals with Brucella-DNA presence, and 62.5% (n = 25/40; 95% CI: 45.8,77.3) of the herds with Brucella-
DNA presence. Using the SNP-based assay, all positive samples were identi�ed as �eld Brucella strains. In
the �nal regression model at the animal-level, �ve variables were associated with Brucella-DNA presence:
the use of bulls for mating, recorded history of reproductive problems, pregnant cows, parlor milking, and
cows belonging to farms ≤ 200 m from the main road. At the herd-level, two variables were associated
with Brucella-DNA presence: recorded history of reproductive problems and bulls' use for mating. Given
the �uctuant brucellosis prevalence in endemic areas, updated epidemiological studies are necessary to
evaluate the disease dynamic, and if established prevention and control measures have been effective or
need to be adjusted. The increase in the prevalence of brucellosis in animal reservoirs creates an
important risk of transmission in humans.

Introduction
Brucella spp. are the causative agents of brucellosis, a complex and worldwide zoonotic disease that has
been neglected for a long time. According to the Plan of Action for eliminating Neglected Infectious
Diseases (NIDs) 2016–2022, there continues to be a need to evaluate and document the regional
epidemiological situation concerning brucellosis for the Americas. Although presenting endemic
brucellosis, Latin America reports insu�cient data on the prevalence and has not yet reached satisfactory
levels of disease control (World Health Organization and Pan American Health Organization, 2016).
Depending on the prevalence found, the strategies and control measures could apply different
management actions (Moreno, 2020). Furthermore, proper detection can help mitigate the economic
impact generated by the culling of infected animals (Trotta et al., 2020), the costs to recover a brucellosis-
free status, the socio-economic impact on rural development, and more importantly, the public health
impact.

Bacterial culture is considered the “gold standard” to con�rm brucellosis' diagnosis. Nevertheless, most
Brucella species are fastidious and relatively slow-growing organisms, affecting in some cases, the
detection sensitivity (World Organization for Animal Health, 2018). Instead, epidemiological studies
targeting brucellosis in livestock are based almost exclusively on serology tests as the main detection
tools due to their rapid results and low cost. However, serological tests present low sensitivity in early or
latent stages of infection and lack speci�city in regions where brucellosis is highly endemic, other
bacteria share the structure of O-LPS, or there is massive cattle vaccination (Godfroid et al., 2002; Corbel,
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2006). In countries with massive vaccination, the reliable differentiation between vaccine strains and �eld
strains of Brucella sp. is crucial for epidemiological studies of bovine brucellosis. (Gopaul et al., 2010).
Therefore, better tests and testing strategies, adapted to the epidemiological situation, need to be
developed and validated (Godfroid et al., 2002).

Improvements in PCR methods such as real-time PCR (qPCR), have made it possible to detect Brucella
spp. from clinical samples of human (Queipo-Ortuño et al., 1997; Baoshan et al., 2020 ), and animal
(Wareth et al., 2015; Gwida et al., 2016; Selim et al., 2019), even when there is a low number of organisms
(Hull et al., 2018), combining speed, sensitivity, high speci�city (with use of probe), laboratory safety, and
low risk of cross-contamination or amplicon contamination in the bloodstream (Corbel, 2006). The qPCR
technique's application may support the drawbacks of the indirect methods and the low sensitivity of the
microbial isolation technique.

While there is not signi�cant available data on the prevalence of brucellosis in humans, the increase in
the prevalence of brucellosis in animal reservoirs creates an important risk of transmission in humans.
The Control and Prevention Program of Bovine Brucellosis in Colombia has been conducted based on the
detection of positive animals by indirect methods, combined with eradication and mandatory vaccination
strategies (Instituto Colombiano Agropecuario, 2017).

This cross-sectional study evidences the associated bovine brucellosis factors from Brucella DNA from
bovine whole blood, differentiating vaccine strains from �eld strains by an SNP-based assay.

Materials And Methods

2.1. Design and area of study
A cross-sectional study on bovine brucellosis was conducted in four municipalities of Antioquia,
Colombia: Santa Rosa de Osos (6°38′50″N 75°27′38″O), Entrerrios (6°33′55″N 75°30′51″O), Belmira
(6°36′18″N 75°39′57″O), and San Pedro de Los Milagros (6°27′34″N 75°33′28″O). This geographical area
is Colombia’s leading bovine milk production region, and mechanical milking systems are predominant.
The altitude of the study area ranged from 2,400 to 2,850 meters above sea level. Specialized dairy
breeds such as Holstein, Jersey, Brown Swiss, Ayrshire, and specialized breed crosses, are used in the
selected area. Milk production mean is 18.4 litres/cow in two milkings. Most farms use parlors as milking
sites (Bedoya et al., 2018).

2.2. Sampling and target population
The sampling procedure applied the formula n = 1.962 p (1 − p)/d2 to calculate the sample size with a
con�dence level of 95%, desired absolute precision (d2) of 5%, and expected prevalence (p) of 10%
(Thrus�eld, 2007). A total of 656 whole-blood samples were randomly collected from cows in 40 dairy
herds of four municipalities in the north of Antioquia. Proportionate sampling was used from each city to
ensure the number of dairy cattle has not been underrepresented.
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The target population was composed of animals in lactating or in the dry period, ≥ 2-year-old, vaccinated
at the age of 3 to 8 months, mainly with 10–34 x 109 colony forming units (CFU) of rough attenuated
strain RB51 or alternatively with 20 x 109 CFU of smooth live vaccine strain S19. Mandatory vaccination
was veri�ed by o�cial vaccination records (RUV) (Instituto Colombiano Agropecuario, 2017). The
animal’s data was taken from the Foot and Mouth Disease and Brucellosis vaccination campaign
(Instituto Colombiano Agropecuario, 2018a). The herds' selection was made considering the producers'
availability to participate voluntarily in the research and signed the informed consent agreement. Each
farmer gave a full animal list to select the participants. A random number table without replacement was
used in the cow's election. From herds with ≤ 50 cows, 15 dairy cows were chosen for the current
research. From herds with > 50 cows, 22 dairy cows were selected. The randomly chosen animals were
transferred to a designated handling area within each farm for collecting the samples. The animal skin
area was cleaned with chlorhexidine and six milliliters of caudal venous blood were taken from each
animal using blood collection tubes with ethylenediaminetetraacetic acid, an anticoagulant. The blood
samples were refrigerated and properly transported to the lab.

2.3 Epidemiological data collection
Dairy farmers were asked to answer a questionnaire. The questionnaire was based on a literature review
and included closed questions regarding cattle management, zootechnical parameters, and sanitary
practices as independent variables (Tables 1 and 2). The questionnaire was pre-tested and validated by
farm managers that did not belong to the study.
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Table 1
Descriptive and Univariable analysis at the animal level between independents variables and Brucella

spp. infection of 656 cows in 40 herds located in dairy cattle of Antioquia, Colombia.

  Descriptive
analysis

Univariate analysis

Variable Frequency % x2 p** OR (IC 95%)

Age     1.112 0.573  

24–36 months 11/150 17.7      

37–60 months 25/258 40.3      

> 60 month 26/248 41.9      

Parity     0.847 0.655  

Primiparous 12/140 19.4      

Pluriparous 47/449 75.8      

Heifers 3/20 4.8      

Days of gestation     7.176 0.028  

0 18/257 29.0      

1–90 days 22/147 35.5      

> 90 days 22/252 35.5      

Pregnacy status     2.957 0.085 1.64 (0.93, 2.91)

Pregnant 44/399 71.0      

Not pregnant 18/257 29.0      

Lactaction cycle     0.580 0.810 0.916 (0.45,
1.87)

Lactanting period 52/557 83.9      

Dry period 10/99 16.1      

Municipalities     23.579 0.000  

Belmira 6/93 9.7      

Entrerrios 15/169 24.2      

San Pedro de los Milagros 23/105 37.1      

Santa Rosa de Osos 18/289 29.0      

%: percent of positive; p-value: statistical signi�cance; OR: odds ratio; (95% CI): con�dence interval
with p** < 0.05.
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  Descriptive
analysis

Univariate analysis

Brucellosis status     10.726 0.005  

Positive status 25/157 40.3      

Brucellosis free status 17/264 27.4      

Unknown Status 20/235 32.3      

Type of vaccine strain     4.708 0.195  

Both strain 3/60 4.8      

Strain RB51 39/453 62.9      

Strain S19 10/99 16.1      

None 10/59 16.1      

Raising of calves at the farm     5.009 0.025 2.34 (1.09, 5.03)

No 54/495 87.1      

Yes 8/161 12.9      

Origin of sampled cow     1.213 0.545  

Purchased 22/196 35.5      

Transferred 7/93 11.3      

Born 33/367 53.2      

Recorded history of reproductive
problems

    8.227 0.004 4.06 (1.45,
11.39)

Yes 58/522 93.5      

No 4/134 6.5      

Abortion     0.271 0.603 1.25 (0.54, 2.87)

Yes 7/62 11.3      

No 55/594 88.7      

Birth of weak calves     1.320 0.242 2.44 (0.51,
11.761)

Yes 2/10 3.2   F  

No 60/646 96.8      

%: percent of positive; p-value: statistical signi�cance; OR: odds ratio; (95% CI): con�dence interval
with p** < 0.05.
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  Descriptive
analysis

Univariate analysis

Retention of fetal membranes     0.018 1.00 0.87 (0.11, 6.84)

Yes 1/12 1.6   F  

No 61/644 98.4      

Maternity pen     0.614 0.433 1.24 (0.72, 2.13)

No 39/382 62.9      

Yes 23/274 37.1      

Mating type     13.300 0.001  

Both 31/207 50.0      

AI 8/186 12.9      

Bull 23/263 37.1      

Disposal of discarded milk     0.365 0.833  

Pen 22/255 35.5      

Septic tank 10/105 16.1      

Feed calf 30/296 48.4      

Milking process     10.061 0.007  

Milking in pen 7/67 11.3      

Mechanic milking system in pen 12/247 19.4      

Parlor Milking 43/342 69.4      

Co-grazing with another species     0.115 0.994  

Horses 46/481 74.2      

Small ruminants 3/38 4.80      

None 12/137 21.0      

Sharing of water sources     2.173 0.14 1.51 (0.87, 2.62)

Yes 41/376 66.1      

No 21/280 33.9      

Herds size     5.575 0.018 2.11 (1.12, 3.96)

%: percent of positive; p-value: statistical signi�cance; OR: odds ratio; (95% CI): con�dence interval
with p** < 0.05.
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  Descriptive
analysis

Univariate analysis

> 50 animals 52/439 80      

≤ 50 animals 13/217 20      

Grazing density     7.370 0.007 2.076 (1.21,
3.55)

≥ 3.5 AU 38/295 61.3      

< 3.5 AU 24/361 38.7      

Main roads     14.216 0.000 2.69 (1.58, 4.57)

≤ 200 m 31/191 50.0      

> 200 m 31/464 50.0      

%: percent of positive; p-value: statistical signi�cance; OR: odds ratio; (95% CI): con�dence interval
with p** < 0.05.
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Table 2
Univariable analysis at the herd level between independents variables and Brucella spp. infection of 656

cows in 40 herds located in dairy cattle of Antioquia, Colombia.

  Descriptive
analysis

Univariate analysis

Variable Frequency % x2 p** OR (IC 95%)

Municipalities     5.867 0.118  

Belmira 3/6 12.0      

Entrerrios 6/9 24.0      

San Pedro de los Milagros 7/7 28.0      

Santa Rosa de Osos 9/18 36.0      

Brucellosis status     0.444 0.801  

Brucellosis free status 9/16 36.0      

Unknown Status 10/15 40.0      

Positive Status 6/9 24.0      

Type of vaccine strain     2.336 0.506  

Both strains 2/4 8.0      

Strain RB51 18/29 72.0      

Strain S19 2/4 8.0      

None 3/3 12.0      

Raising of calves at the farm     1.881 0.273 2.67 (0.64,
11.07)

No 20/29 80.0   F  

Yes 5/11 20.0      

Origin of cattle     1.881 0.273 2.67 (0.642,
11.07)

Purchased or transferred 20/29 80.0   F  

Born 5/11 20.0      

Recorded history of reproductive
problems

    6.000 0.036 7.67 (1.30,
45.29)

Yes 23/32 92.0      

%: percent of positive; p-value: statistical signi�cance; OR: odds ratio; (95% CI): con�dence interval
with p** < 0.05.
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  Descriptive
analysis

Univariate analysis

No 2/8 8.00      

Abortion     0.104 1 1.31 (0.25, 6.88)

Yes 21/33 84.0   F  

No 4/7 16.0      

Birth of weak calves     4.302 0.060 7.87 (0.88,
70.15)

Yes 9/10 36.0   F  

No 16/30 64.0      

Retention of fetal membranes     0.064 0.800 1.18 (0.32, 4.42)

Yes 16/25 64.0      

No 9/15 36.0      

Maternity pen     0.064 0.800 1.18 (0.32, 4.42)

No 16/25 64.0      

Yes 9/15 36.0      

Mating type     4.397 0.111  

Both 10/12 40.0      

AI 4/10 16.0      

Bull 11/18 44.0      

Disposal of discarded milk     1.918 0.383  

Pen 9/15 36.0      

Septic tank 3/7 12.0      

Calf 13/18 52.0      

Milking process     0.924 0.630  

Milking in pen 4/5 16.0      

Mechanic milking system in pen 9/16 36.0      

Parlor Milking 12/19 48.0      

%: percent of positive; p-value: statistical signi�cance; OR: odds ratio; (95% CI): con�dence interval
with p** < 0.05.
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  Descriptive
analysis

Univariate analysis

Co-grazing with another species     0.000 1 1.00 (0.20, 3.95)

Yes 20/32 80.0      

No 5/8 20.0      

Sharing of water sources     0.000 1 1.00 (0.27, 3.69)

Yes 15/24 60.0      

No 10/16 40.0      

Herds size     0.064 1 0.84 (0.23, 3.15)

> 50 animals 9/15 36.0      

≤ 50 animals 16/25 64.0      

Grazing density     2.462 0.117 2.98 (0.74,
11.93)

≥ 3.5 AU 13/17 52.0      

< 3.5 AU 12/23 12.0      

Main roads     10.286 0.001 2.15 (1.45, 3.20)

≤ 200 m 12/12 48.0   F  

> 200 m 13/28 52.0      

%: percent of positive; p-value: statistical signi�cance; OR: odds ratio; (95% CI): con�dence interval
with p** < 0.05.

 

2.4. DNA extraction from whole blood samples and quality
analysis
Template DNA was obtained based on the non-organic salting out protocol designed for the recovery of
DNA from whole blood samples described previously (Miller et al., 1988), with the improvement made by
Queipo-Ortuño et al. (1997), and modi�cations by the authors (detailed descriptions of the extraction
protocol are given as follows for reproducibility in supplementary material). The extracted DNA was
preserved at − 20°C until the next evaluations. The template DNA's concentration and purity were
assessed through a Nanodrop ND-2000® spectrophotometer (Thermo Fisher Scienti�c, USA). The ratio of
absorbances A260 / 280 and A260 / 230 was used to evaluate the samples' purity. The integrity was
assessed in a 0,8 % agarose gel. The gel was run at 75 volts for about 45 min and subsequently stained
with ethidium bromide (0.5 mg/mL).
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2.5. Molecular detection of Brucella spp.
Each DNA sample was analyzed in duplicate against positive and negative matrix controls. DNA of B.
abortus S19 vaccine (Vecol S.A, Colombia) strain was used as positives standard control in all molecular
assays and comprised 102 copies of bcsp31 gene. Negative controls were also included and contained
all the elements of the reaction mixture, as well as molecular biology grade DNase and RNase Free water
(RPI®) instead of DNA template. The TaqMan™ exogenous internal positive control (IPC) (Thermo Fisher
Scienti�c, USA), was used to identify the samples with presence of inhibitors.

A speci�c sequence for the Brucella genus was chosen from the conserved region of the gene bcsp31,
which encodes the 31-kDa immunogenic membrane protein BCSP31(GenBank: M20404.1) (Bricker et al.,
1988). Baily et al. (1992) designed the primers: bcsp31-Forward 5'-TGGCTCGGTTGCCAATATCAA-3'; and
bcsp31-Reverse 5'-CGCGCTTGCCTTTCAGGTCTG-3' were chosen for the qPCR assays. These primers
amplify a 224 bp of the bcsp31 gene. Furthermore, the hydrolysis probe 5'-
CCGGTGCCGTTATAGGCCCAATAGG-3', with dual labelled �uorescence at the 5′-end with 6-
carboxy�uorescein phosphoramidite (FAM) as the reporter dye, and at the 3′-end with 5-
carboxytetramethylrhodamine (TAMRA) as quencher was chosen to improve speci�city (Sohn et al.,
2003).

Optimum primer concentrations were determined by testing different primer concentration combinations
with a qPCR in the presence of SYBR Green to obtain the maximum sensitivity. A melting curve analysis
was performed after the ampli�cation protocol on the green channel from 60–95°C with an increasing
0.3°C / s. The melting curve-generated peak represented the speci�c ampli�ed product. A unique
dissociation curve was produced to con�rm the speci�city of the ampli�cation. Optimization of the probe
concentration was conducted using several probe concentrations from 0.2 µM to 0.4 µM in qPCR assays
with the optimized concentration of primers and a low level of the target (102 copies of Brucella abortus).

A qPCR assay was conducted to verify the optimum DNA amounts to be applied in the molecular survey.
The DNA amount ranged from 1 µl to 3 µl and a DNA concentration between 125–375 ng. The template
DNA volume optimum to add to the reaction mixture without creating the ampli�cation inhibition was 1
µl. The optimum annealing temperature in the qPCR was 62°C. The IPC no revealed potential inhibitors in
the template of DNA ampli�cation.

The qPCR reactions were conducted at the StepOnePlus™ Real-Time PCR System (Applied Biosystems,
Thermo Scienti�c, USA) in a total volume of 12 µl, comprising of 6.0 µl of 1x Mix QuantiNova™ Probe PCR
Master and Rox (Qiagen®, Germany), 0.6 µl of Mix 0.4 µM of each Primer, and 0.2 µM of TaqMan probe,
0.24 µl of 1X of Exo IPC Mix, 0.6 µl of 1X of Exo IPC DNA and approximately 125 ng of total DNA. The
thermocycling conditions were performed as follows: one hold at 95°C for 2 min, followed by 45 cycles
composed of denaturation at 95°C for 5 s, and annealing/extension at 62°C for 10 s. The samples with
cycle quanti�cation (Cq) values less than 40 cycles were considered positive. All laboratory biosafety and
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one-way �ow processes were applied to prevent contamination (Richardson et al., 2009). Blind sample
processing was used, assigning a code to each sample, to avoid potential observer bias.

2.6. qPCR standard curve
The concentration of DNA extracted from the B. abortus strain present in the S19 vaccine (Vecol S.A,
Colombia) was used to calculate the number of genome copies, assuming a genome size of 3.28 x 106
bps. The standard curve was built using six serial decimal dilutions of the puri�ed template DNA (from
105 to 0.1 genome) to verify the reaction’s limit of detection, precision, and e�ciency. The copy number
determination of the �rst dilution point followed the equation: Number of copies = (6.02 x 1023 (copies
per mole) x DNA concentration (g)) / (B. abortus genome size (base pairs) x 660 (g / mol / bp)). The
qPCR E�ciency was determined following the equation: E = 10(–1/slope)-1.

2.7. Differentiation of Brucella �eld strains from RB51
vaccine strains.
The qPCR assay previously designed by Gopaul et al., 2010 was used to distinguish the �eld strains from
RB51 vaccine strain through a single nucleotide polymorphism (SNP) in the Brucella spp. The assay was
set up in a reaction mixture volume of 12 µl comprising 1X of TaqMan™ Universal PCR Master Mix
(Applied Biosystems, Delaware, USA), 0.8 µM of each Primer, and 0.3 µM of TaqMan probe and
approximately 125 ng of total DNA. Reactions were run on a StepOnePlus™ Real-Time PCR System
(Applied Biosystems, Thermo Scienti�c, USA) using thermocycling conditions of one hold at 95°C for 10
min followed by 50 cycles composed of denaturation 92°C for 15 s and annealing/extension 60°C for 1
min.

2.8. Spatial analysis
The information collected was recorded in an Excel �le and transformed into a shape�le format to be
worked in a geoprocessing tool as QGIS software (QGIS v 3.4.10 -Madeira) under the GNU General Public
License and the European Petroleum Survey Group (EPSG) code 31978. The data was plotted on the
cartographic database obtained from the National Department of Statistics Administration (DANE) from
Colombia as SHP format. A distance of ≤ 200 m, > 200 m from these roads was used to identify the
number of dairy farms in the area. Plotting of the dairy farms that were positive in the qPCR and the
cELISA tests was performed using the Intersec tool. Positive farms were plotted using symbols of
different size, proportional to the number of positive cases in each dairy farm, to identify areas with a
higher number of points for each detection method.

2.9. Statistical analysis
The epidemiological data was analyzed using the statistical program IBM SPSS (Statistical Package for
the Social Sciences) v. 25.0 for Windows (Armonk, Nueva York: IBM Corp.). Pearson correlation coe�cient
was used for quantitative variables with the normality assumption. Spearman's rank-order correlation
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was applied when quantitative variables did not meet the normality assumption. A chi-square test or
Fisher test was used to evaluate the association between Brucella-DNA presence by qPCR assay with all
the explanatory variables. Statistically signi�cant variables and variables with p-value < 0.25 were offered
to the logistic regression models from individual animal and the herd level. Before creating the �nal
model, the multicollinearity was measured by determining the variance in�ation factors (VIF) and
tolerance. Collinearity was considered when the VIF value exceeds 6.0, and the tolerance was less than
0.2. According to the literature review, when two variables were found with high collinearity, only the
variable with more biological importance and plausibility was included in the model. The model was built
by the "intro" method. Finally, the coe�cients were estimated, and the appropriateness adequacy, validity,
and usefulness of the model were identi�ed.

Results
Descriptive analysis exhibited that the mean age of evaluated cows was 59.2 ± 24.6 months old. The
mean gestational age was 81.3 ± 84.5 days, and the offspring's mean was 3.0 ± 1.9. The 84.9 % (n = 557)
of the tested cows were in the lactation cycle, and 15.1 % (n = 99) in the dry cycle.

The qPCR’s mean Cq value for the positive samples was 35.54 ± 2.1 cycles. The analytical sensitivity
analysis showed a determination coe�cient (R2) equal to 0.99, and the Cq values ranged from 13.68
cycles in the �rst dilution point (105) to 34.66 cycles in the last dilution point (0.1 genome). An e�ciency
of 92.35% with a slope of -3.52 was reached in the standard curve (Fig. 1).

The Brucella-DNA prevalence at the animal level was 9.5 % (n = 62/656; 95 % CI: 7.3, 12.0). At the herd
level, the Brucella-DNA prevalence was 62.5 % (n = 25/40; 95 % CI: 45.8, 77.3) (Fig. 2). The SNP-based
assay con�rmed that all positive samples were from Brucella spp. �eld strains.

The quantitative variables did not meet the normality assumption and were not statistically signi�cant by
Spearman's rank-order correlation. Therefore, they were transformed into ordinal variables in the model
(Tables 1 and 2).

The bivariate analysis at the animal level showed that the variables: days of gestation, reproductive
problems records, use of a bull or both (AI, bull) for the mating, parlor milking, mechanical milking in pen,
herd size, grazing density, brucellosis status, municipality, and < 200 m of distance to the main road, were
statistically signi�cant variables with Brucella-DNA presence (p-value < 0.05). At the herd level,
reproductive problems records, a bull for mating, and farms < 200 m close to the main road were the
statistically signi�cant variables with Brucella-DNA presence (p-value < 0.05). All statistically signi�cant
variables and those with p-value < 0.25 but considered critical to the bovine brucellosis were offered to the
models (Tables 1 and 2).

The �nal regression model at the animal-level, �ve variables explained 74.2% of association with
Brucella-DNA presence: the use of bulls for mating (OR = 2.7; 95% CI: 1.11, 6.66), pregnancy cows (OR = 
1.86; 95% CI: 1.03, 3.36) reproductive problems records (OR = 3.14; 95% CI: 1.09, 8.99), parlor milking (OR 
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= 2.92; 95 % CI: 1.62, 5.26), belonging to farms close < 200 m from the main road (OR = 2.47; 95% CI: 1.39,
4.39). At �nal logistic regression model from the herd-level, two variables explained 84 % of the
probability of Brucella-DNA presence in herds: reproductive problems records (OR = 7.76; 95 % CI: 1.17,
51.56), and the use of the bull for mating (OR = 6.49; 95 % CI: 1.20, 35.12) (Table 3).

Table 3
Multivariable models at the animal and the herd level for molecular detection of Brucella spp. by qPCR

assay in dairy cattle of Antioquia, Colombia.

    Animal-level = 656 (*) Herd-level = 40 (**)

Factors Category β S.E
(β)

p OR (IC
95%)

β S.E
(β)

p OR (IC
95%)

Reproductive
problems

Yes 1.14 0.537 0.033 3.14
(1.09,
8.99)

2.05 0.966 0.034 7.76
(1.17,
51.56)

No         ref.      

Bulls Yes

No

1.00

ref.

0.457 0.029  

2.72
(1.11,
6.66)

 

1.87

 

0.861

 

0.030

 

6.49
(1.20,
35.12)

Parlor milking Yes

No

1.07

ref.

0.301 0.000 2.92
(1.62,
5.26)

       

Pregnacy
status

Yes

No

0.622

ref.

0.302 0.039 1.86
(1.03,
3.36)

       

Yes 0.905 0.293 0.002 2.47
(1.39,
4.39)

       

Proximity
main road

No ref.              

  Constant -5.47 0.711 0.000   -2.47 1.124 0.028  

Dependent variable: positive animal, results given with β: beta; S.E: standard errors; OR: odds ratio;
(95% CI): con�dence interval with p < 0.05.

(*) The Hosmer–Lemeshow goodness-of-�t test showed that the model �t the data (X2 = 10.960, d.f.
8, p-value = 0.20)

(**) The Hosmer–Lemeshow goodness-of-�t test showed that the model �t the data (X2 = 3.76, d.f. 2,
p-value = 0.15)

Discussion
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Brucellosis is a “tool-de�cient” disease that has not yet reached satisfactory levels of disease control
(World Health Organization, 2007). The detection of antibodies provides only a provisional diagnosis, but
there may also be an exceptionally long incubation period in some infected animals, and individuals may
remain serologically negative for a considerable period following infection (Corbel, 2006). The
epidemiological studies are based on the serological test to report the signi�cant association between
environmental factors, animals' intrinsic characteristics, and bovine brucellosis (Ahasan et al., 2017;
Selim et al., 2019). This epidemiological study evaluated factors widely established by serology but
associated them with Brucella DNA's presence in dairy cattle using the Probe-qPCR assay.

An unusual increase in the number of seropositive cattle during o�cial surveillance led to the declaration
of quarantine for bovine brucellosis in the leading dairy region in Colombia (Instituto Colombiano
Agropecuario, 2018b). Although brucellosis is considered endemic in Latin America, there is still a need to
evaluate the regional epidemiological situation (World Health Organization and Pan American Health
Organization, 2016). The prevalence changes all the time in endemic countries (Godfroid et al., 2002) and
it is necessary to update the epidemiological situation analysis to implement effective control and
prevention strategies. This study is the �rst report of molecular prevalence in the region, showing a
Brucella-DNA prevalence in concordance with the declared outbreak and higher than the seroprevalence
records in the region.

Bovine whole blood as the sample for PCR detection of Brucella spp. has been little considered because
Brucella may replicate at low frequency, leading to low and short bacteremia periods (Vrioni et al., 2008).
However, under experimental conditions, it has been shown that some Brucella species could invade red
blood cells and settle in the cytoplasm without replicating, establishing persistent bacteremia with
different bacterial loads (Vitry et al., 2014; Gwida et al., 2016). In humans, a study of three patients
infected in the recent Brucellosis outbreak in China con�rmed that Brucella persists in peripheral blood
(Baoshan et al., 2020). In this study, a high recovery of Brucella-DNA from whole bovine blood was
possible. A high Brucella-DNA presence from bovine blood by qPCR, was also obtained in a bovine
brucellosis outbreak study in Egypt (Gwida et al., 2016).

The Brucella-DNA presence could indicate the viable bacteria's existence in the cattle blood, but there is
also a possibility that the presence of Brucella-DNA could be associated to particle shedding by dead
bacteria or vaccine-DNA (Vrioni et al., 2008). The main used vaccine in the studied region is the RB51,
however, the presence of the RB51 vaccine strain in the blood should not generate alerts. According to
The Animal and Plant Health Inspection Service (APHIS), the RB51 must be rapidly cleared from
peripheral blood within three days post-vaccination (National Council of State Legislatures, 2018). The
RB51 vaccine's in�uence was ruled out in the positive samples by the SNP-based qPCR assay, which
marked all positive samples as Brucella spp. �eld strains.

The variable municipality, mainly San Pedro de Los Milagros (SPM), showed a signi�cant association
with infection at the animal-level. SPM is considered an essential route for livestock movement, has an
important cattle auction, and is close to Medellín (the second-largest city in Colombia), where the state's
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central slaughterhouse and an important cattle market are located. The preceding increases the animals’
passage of different origins, which may in�uence the region's spread of pathogens. Infected animals
passing through populated areas may produce heavy contamination of streets and places (Corbel, 2006).
These circumstances could have contributed to the association between the proximity of the herds to the
main roads (≤ 200 m) and the presence of Brucella-DNA in the logistic regression model at the animal-
level. Few brucellosis studies have been carried out with spatial analysis involving variables such as
proximity to urban and rural areas, altitude, the season of the year, among others (Ibrahim et al., 2010;
Dadar et al., 2020), and according to the authors' review, no studies in livestock have evaluated the
proximity of herds to main roads. Due to the expansion of the Brucella genus, its evolution, and possible
close relationship with environmental bacteria (Ashford et al., 2020), spatial studies are needed to
understand the Brucella behaviour in environments.

Animals that belonged to a large herd size (> 50 animals), parlor milking, mechanical milking in pen, high
grazing density (≥ 3.5 UA), an animal that belonged to herds with unknown or seropositive brucellosis
status were associated with the Brucella-DNA presence. Dias et al. (2009) and Bugeza et al. (2019)
attributed the higher risk of Brucella infection in large herds sizes due to the ease of transmission by the
proximity between animals (Dias et al., 2009; Bugeza et al., 2019). Management practices in these farms
can also in�uence (Moreno, 2014). Given the low numbers of Brucella organisms that can serve as a
source of contamination, prompt detection in �eld samples and the reinforcement of biosecurity
measures are required.

Although the bovine species are the main target of control and eradication programs, other hosts can
also be infected by B. abortus or even by another Brucella spp. Some of them can sustain the disease
and are considered an infection source for cattle (World Organization for Animal Health, 2018). However,
in this study, Brucella-DNA presence was not associated with co-grazing with other animal species.
Similar results were obtained in a recent epidemiological study in the country (Cárdenas et al., 2019).

In dairy herds, mainly in large herd sizes, there is a practice of raising calves and heifers in a different
property from milk production. Some studies reported that animals' mobilization is a risk factor for
introducing brucellosis in herds free of the disease (Cárdenas et al., 2019; Corbel 2006). Since these
animals are exposed to different management practices and environmental conditions, this exposure can
favor brucellosis infections (Corbel, 2006; Wareth et al., 2015). In this study, no signi�cant association of
the presence of Brucella-DNA with the raising of calves in other farms was found, but a signi�cant
association was found with the transfer of animals. Raising calves and heifers at a different property
from the dairy cows can be appropriate if managed correctly. Separating and keeping the calves and
heifers isolated from other herds, then testing them appropriately prior to their return will prevent Brucella
introduction into dairy herds (Instituto Colombiano Agropecuario, 2017).

In the logistic regression model, the use of bulls for mating explained the Brucella-DNA presence at the
animal and the herd level in the present investigation. Other epidemiological studies also showed a
signi�cant association of the bulls with Brucella seropositivity. They considered that sharing a stud bull
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with neighbors could likely be a potential source of Brucella infection (Muma et al., 2007; Ahasan et al.,
2017). Brucella spp. can be found in the testicles and the male genital glands and transmitted by infected
semen (Corbel, 2006). However, differences in vaginal acidity, mucosal immunity, and cervical mucus
between estruses and anoestrus may affect bacterial survival and kill the bacteria (Uhrig et al., 2013).
Therefore, it is more likely that females' infection may occur through environmental contamination with
infected seminal discharges (Thomsen, 1943). In Yellowstone National Park, USA, a study showed
seroconversion in four of eight bison after intravaginal inoculation suggests that B. abortus transmission
by the venereal route in bison can occur. Although routes of transmission are considered like those in
cattle (Uhrig et al., 2013), older experiments did not �nd an essential role in bulls' use for mating in
Brucella transmission in cows during copulation (Thomsen, 1943). Updated studies on venereal
transmission in cattle are needed. Meanwhile, all bulls from known infected herds should be viewed with
suspicion regarding their Brucella spp. infection status (Plant et al., 1976).

Management practices, mainly associated with reproduction, are far more critical in determining the risk
of Brucella spp. infection in bovine (Corbel, 2006). Variables such as the history of reproductive problems,
pregnant cows, days of gestation, and disposal of birth waste were associated with the Brucella-DNA
presence in the animals evaluated. Pregnant cows have been associated with the probability of Brucella-
antibody presence in a cross-sectional study in Ethiopia and a study conducted for isolation and
subsequent detection by PCR of Brucella spp. in milk samples from seronegative cows in Bangladesh,
even showed prevalence almost double in pregnant cows than in nonpregnant cows (Islam et al., 2018).
Apart from the last two, these factors were associated with Brucella-DNA presence in the logistic
regression models.

Conclusion
This study found the recovery of Brucella-DNA from whole bovine blood was possible and considered it a
clinical sample for Brucella-DNA detection and highlighted the complementary role of PCR techniques in
detection, provided a highly sensitive molecular test is used.

Permanent surveillance of brucellosis in livestock is imperative. Several epidemiological aspects obtained
from the molecular prevalence evidenced in this study are in concordance with other seroprevalence
studies. However, this research retakes unconsidered associations, like the bull's role in the brucellosis
transmission, and suggests the need for spatial studies and transmission models in environments. The
current research also highlights that management practices, mainly associated with reproduction, favors
the Brucella infection and its propagation inside and outside herds.

Given the �uctuant brucellosis prevalence in endemic areas, updated epidemiological studies are
necessary to evaluate the disease dynamic, and if established prevention and control measures have
been effective or need to be adjusted.
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Figures

Figure 1

The standard curve was plotted using six serial decimal dilutions of Brucella abortus S19 vaccine DNA
(from105 and 0.1 copies). The quanti�cation cycle value was plotted as a function of the initial number
of copies.

https://www.oie.int/en/standard-setting/terrestrial-manual/
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Figure 2

Spatial distribution of Brucella spp. infectious in herds, proximity to the main roads, and the number of
positive cows by qPCR in the dairy region of Antioquia, Colombia. Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on
the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors. Note: The designations employed and the presentation of the material on this map do not
imply the expression of any opinion whatsoever on the part of Research Square concerning the legal
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.
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