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Abstract

The health of herds that are not within the official Brucellosis control program in the province of Azuay is unknown,
and there may be areas with a higher frequency of seropositive herds. This paper aims to determine the prevalen-
ce and risk factors associated with bovine brucellosis in dairy farms. An epidemiological study was carried out in
436 farms, for which milk samples were taken from producers in collection centers, collecting trucks and herds. A
georeferenced survey was used to collect information on the management of the herds. The milk was analyzed by
indirect-ELISA, and thirty-seven farms were seropositive, obtaining a prevalence of 8,5%. The percentages of seropo-
sitivity were: Cuenca (14.84 %), Girén (23.07 %), Naboén (8.21 %), Ofia (11.53 %), San Fernando (33.33 %), Sevilla de Oro
(7.14%), Sigsig (4.16 %). The Rose Bengal and competitive ELISA tests were performed on bovines that contributed to
the milk pool in 34 herds, establishing a 100 % concordance of indirect ELISA to detect seronegative farms. In the logis-
tic regression analysis, a significant association (P < 0,05) was determined between seropositivity and factors such as:
geographic location, extension of the farm, exploitation system, presence of other domestic species, elimination of pla-
cental remains, reproduction system, having a higher probability of seropositivity in herds that presented abortions
(OR = 2,71), estrus problems (OR = 2,09), birth of weak calves (OR = 3,24) and extensive management (OR = 3,67).
These findings constitute serological evidence that Brucella spp. circulates in farms in the area.
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Resumen

Se desconoce el estatus sanitario de ganaderias que no estan dentro del programa oficial de control de Brucelosis en
la provincia del Azuay, pudiendo existir zonas con mayor frecuencia de rebafios seropositivos. Este trabajo pretende
determinar la prevalencia y factores de riesgo asociados a brucelosis bovina en predios lecheros. Se llevé a cabo un
estudio epidemiolégico en 436 fincas, para lo cual se tomaron muestras de leche de productores en centros de acopio,
camiones recolectores y hatos. Se us6 una encuesta georeferenciada a fin de recopilar informacién del manejo de las
ganaderfas. La leche se analizé mediante ELISA-indirecto, 37 fincas resultaron seropositivas, obteniendo una preva-
lencia de 8,5%. Los porcentajes de seropositividad fueron: Cuenca (14,84 %), Girén (23,07 %), Nabén (8,21 %), Ofa
(11,53 %), San Fernando (33,33 %), Sevilla de Oro (7,14 %), Sigsig (4,16 %). Se realizaron las pruebas Rosa de Bengala
y ELISA-competitivo a bovinos que aportaron al pool de leche en 34 ganaderias, estableciéndose una concordancia
del 100 % de ELISA-indirecto para detectar fincas seronegativas. En el anélisis de regresién logistica se determiné una
asociacion significativa (P < 0,05) entre la seropositividad y factores como: ubicacién geografica, extensién de la finca,
sistema de explotacién, presencia de otras especies domésticas, eliminacién de restos placentarios, sistema de repro-
duccién, teniendo una mayor probabilidad de seropositividad las ganaderias que presentaron abortos (OR = 2,71),
problemas de celo (OR = 2,09), nacimiento de terneros débiles (OR=3,24) y manejo extensivo (OR = 3,67). Estos ha-
llazgos constituyen evidencia serolégica que Brucella spp. circula en ganaderias de la zona.
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Prevalence and risk factors associated with bovine brucellosis in dairy farms in the province of

Azuay-Ecuador

1 Introduction

Brucellosis is a zoonotic bacterial disease caused
by several species of the genus Brucella spp. that
infects domestic and wildlife animals (Ledwaba
et al., 2019), affecting the reproductive system and
causing abortions, weak offspring and producing
economic losses due to the slaughter of infected
animals and the limitation to trade (Assenga et al.,
2015). Symptoms of brucellosis in humans are fe-
ver, fatigue, arthralgia, muscle pain and sweating,
sometimes producing physical disability (Zheng
et al., 2018).

Twelve species are known of which B. abortus
affects cattle, B. mellitensis causes abortions in goats,
B. suis infects pigs, B. canis is specific in canines,
B. ovis infects sheep, B. neotomae has been reported
in rats (Sudrez-Esquivel et al., 2017); two species
B. pinnipedialis and B. ceti were isolated in marine
mammals (Kroese et al., 2018); B. microti has been
identified in a variety of animals such as voles, wild
boars; B. papionis has been described as host to ba-
boons, B. vulpis in red foxes; B. inopatia has been
isolated in humans although the animal reservoir
has not been identified (Leclercq et al., 2020). Zoo-
notic capacity is more expressed in B. mellitensis,
but B.abortus is also responsible for brucellosis in
humans (Awah-Ndukum et al., 2018).

Transmission to humans occurs by the consum-
ption of milk, infected dairy products, inhalation
of aerosolized particles, and direct contact with tis-
sues of diseased animals (Dal et al., 2019). Sources of
infection for animals include aborted materials, va-
ginal secretions, milk, semen, water consumption,
contaminated feed, and infection in calves can oc-
cur through the uterus and by colostrum (Ogugua
et al., 2018). A close relationship between wildlife
and cattle would provide potential opportunities
for the transmission and persistence of brucellosis
(Godfroid et al., 2013). Likewise, some studies sug-
gest that the bacterium may circulate among several
susceptible wildlife species, thus remaining perma-
nently in ecosystems (Aruho et al., 2021).

Infections declared by the World Organization
for Animal Health (OIE) as zoonotic diseases re-
quire prevention, diagnosis and control measures.
For this reason, it is essential to identify risk factors
associated with the pathogenesis of Brucella spp.
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infection in the different livestock management sys-
tems responsible for the spread of the disease, thus
allowing effective management for its management
and control (OIE, 2018).

Brucellosis is one of the most important zoono-
ses with more prevalence in Latin America. Argen-
tina reports a prevalence of 19.7% in herd (Aznar
et al., 2015); Uruguay 0.02% (Baruch et al., 2020);
Colombia 22% (Cardenas et al., 2018). It is diffi-
cult to establish official prevalence data in Ecuador
because it has been under-reported to the OIE. Ho-
wever, studies on the presence of antibodies against
Brucella spp. have been reported, varying between
regions, even within regions. A nationwide study in
1979 reported a seroprevalence in the north High-
land of 1.97 to 10.62 %, in the Cost of 4.2 to 10.62 %
and in the south Highland of 1.3 to 2.6%. Anot-
her study reports a prevalence of 6% (Salguero,
2011; Romén-Céardenas and Luna-Herrera, 2017). In
recent years, some research allow updating the se-
roprevalence level of this disease, with a significant
variability ranging from 1.80-12% throughout the
country (Zambrano et al., 2016).

It is necessary to understand the epidemiology
of brucellosis in other regions of the country where
serological surveillance is not performed as a re-
quirement, prior to implementing control programs
and determining the areas with the highest preva-
lence of the disease. There are several tests for diag-
nosing it in blood or milk. Currently, the tests pres-
cribed for international cattle trade are Rose Bengal
(RBT), Buffered Plate Agglutination (BPAT), ELISA-
I (ELISA-indirect), ELISA-C (ELISA-competitive),
Complement Fixation (CFT), and Polarized Fluo-
rescence (PF) (Vhoko et al., 2018).

An initial step to set appropriate brucellosis con-
trol programs at the local level would be the geo-
referencing of the infection of some dairy areas that
would allow measuring the disease at the farm le-
vel and generating epidemiological evidence of the
endemicity of the bacterium.

Hence, the aim of the paper was to estimate the pre-
valence of bovine brucellosis in cattle farms in the
province of Azuay, using the ELISA-I technique in
milk samples. Likewise, the associated factors that
could cause the appearance of the disease will be
evaluated, such as presence of abortions, increased
calving intervals, birth of weak calves, veterinary
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assistance, absence of vaccination, herd size, among
others, related to the pathogenesis and signs of bru-
cellosis (Akinseye et al., 2016; Mugizi et al., 2015).

2 Materials and methods

2.1 Study area

This research was conducted in Cuenca, Santa Isa-
bel, Gualaceo, Paute, Sigsig, Sevilla de Oro, Girén,
San Fernando, Pucard, Ofia, Nab6n, El Pan and
Chordeleg, belonging to the province of Azuay, lo-
cated in the southern region of Ecuador, with an
approximate area of 8.639 km?. There are two dis-
tinctive zones: the east, with eastern Andes, and
the west, with the coastal region. The climate varies
from warm to cold due to the altitude, the presen-
ce of the Andes massif and subtropical vegetation.
To the west, the province is climatologically divided
in different sectors. In addition, due to its location,
each climatic zone has only two defined seasons:
wet and dry. In the West, the temperature ranges
between 20°C and 33°C, while in the Andean zone,
it is usually between 10°C and 28°C (Cérdenas and
Murillo, 2018).

2.2 Study population

It consisted of agricultural production units (PU)
dedicated to milk production regardless of size,
which included lactating cows during the research
period. The Holstein Friesen breed predominated
(Instituto Nacional de Estadisticas y Censos, 2019).
Herd ranged from 5 to 120 animals; the manage-
ment system covered a wide range, from extensi-
ve technified herds larger than 50 ha, medium-sized
herds between 5 to 50 ha, and small farms with tra-
ditional extensive management with little techno-
logy, smaller than 5 ha. For this research, dairy pro-
duction zones were defined by the highest concen-
tration of farms that supply this raw material (Orte-
ga et al., 2017).

138

2.3 Study design

A descriptive cross-sectional study was conducted
between 2019 and 2020. The unit of analysis consis-
ted of milk samples obtained from collection cen-
ters, collection vehicles and directly from farms. The
Win Epi epidemiological program (De Blas et al.,
2006) was used to calculate the number of farms to
be sampled. The total population was taken as the
15,784 production units (PU) included in the pro-
gram for the control and eradication of Foot and
Mouth Disease in Azuay (Agrocalidad, 2019). Since
there were no previous studies in this area on the
prevalence of brucellosis, we assumed an expected
prevalence of 50%, an estimated error of 5% and
a confidence level of 95%. The program yielded a
figure of 376 farms to be sampled; however, a total
of 436 cattle farms were assessed.

Proportional sampling was used to determine
the number of PUs to be studied in each parish. The
farms were selected randomly, according to accessi-
bility to the area, distance, time to reach the farms,
availability of resources, willingness of producers,
collection centers and transporters with the grea-
test feasibility to participate in this research. A geo-
referenced survey was conducted with each owner
using Survey 123 ArcGis software installed on mo-
bile devices. None of the farms reported having a
vaccination program against brucellosis.

2.4 Georeferenced survey

A geo-referenced survey was conducted with ques-
tions designed to obtain information on animal
health status, and farm management based on exis-
ting literature (Cardenas et al., 2019) with the objec-
tive of determining the possible risk factors for suf-
fering brucellosis considering: reproductive mana-
gement, animal replacement, origin of drinking wa-
ter, presence of susceptible domestic animals, far-
ming system, knowledge of the disease, reproducti-
ve problems, presence of abortions, management of
waste after parturition or abortions (Cardenas et al.,
2019). Informed consent for questionnaire adminis-
tration and sample collection was obtained verbally
from owners prior to sampling and interview.
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Figure 1. a) Location of Ecuador in South America b) Location of the project at the national level c¢) Distribution of parishes with
seropositive cattle in the province of Azuay.

2.5 Analysis of milk samples by indirect
ELISA

The samples were collected in sterile containers in
a quantity of 100 ml. The containers were transpor-
ted refrigerated to the Microbiology Laboratory of
the Faculty of Agricultural Sciences of the Univer-
sity of Cuenca, where they were stored at —20°C.
The ELISA-I kit (Innovate Diagnostic, France) was
used to identify the presence of antibodies to Bruce-
Ila spp., for which the milk samples were previously
centrifuged at 8 000 rpm for 10 minutes to separate
the lacto-serum from the fat. A 96-well plate im-
pregnated with Brucella abortus LPS was used; 100
ul of negative control and positive control were dis-
tributed in duplicate and then 100 ul of the samples
were added to the remaining wells. The plate was
sealed and incubated at 21°C for 45 min, then each
well was rinsed with 300 ul of wash solution three
times. 100 ul of conjugate (peroxidase-labeled rumi-
nant IgG) was added, incubated at 21°C for 30 mi-
nutes, the washing process was repeated and then
100 ul of developer solution (tetramethylbenzidine)
was added to all wells. The plate was incubated
again for 15 minutes at 21°C and finally 100 ul of
stop solution was added to stop the reaction.
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Optical density (OD) values of samples (m) and
controls were read at 450 nm (wavelength), using
an ELISA plate reader (Biotek 800TS, USA). Positive
controls (cp) and negative controls (cn) were used
to validate the assay. Percent inhibition (PI) was cal-
culated using Equation 1. A sample was considered
positive when its PI was higher than 50 %.

~ 0OD,,—OD,,

M 100
OD., — 0D,

PI (1)

2.6 Serology for identifying seropositive
animals

We had access to 34 cattle farms to perform RBT and
ELISA-C tests on all the cows that contributed to the
milk pool to individually confirm the presence of
seropositive animals. For this, 9 ml of blood were ta-
ken from the coccygeal region in vacuum tubes wit-
hout anticoagulant, which were transported to the
laboratory at a temperature of 8°C. Centrifugation
was performed at 8 000 rpm (Dynac, Clay Adams,
USA), for 10 minutes, to extract the blood serum to
be stored in eppendorf tubes and frozen at —20°C.
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2.7 Rose Bengal

Sera extracted from peripheral blood obtained wit-
hout anticoagulant were subjected to the RBT test
(Innovate Diagnostics, France), according to the ma-
nual of the World Organization for Animal Health
(OIE). A gridded glass plate was used; 40 ul of the
reagent were mixed with the same amount of serum
to be analyzed, and the plate was lightly shaken
for 4 minutes. The agglutination appearance within
one minute was scored as 4+ (++++), between 1 and
4 min was scored 1+ to 3+ (+, + + + and + + + + +
+) according to the different agglutination degrees.
The absence of agglutination within 4 minutes was
considered negative.

2.8 ELISA-C as confirmatory test

The ELISA-C kit (Svanova, Sweden) was used to
confirm the presence of animals that were seroposi-
tive to Brucella spp. The assay was performed by ad-
ding 45 ul of dilution solution in all wells and then
adding 5 pl of positive, weak and negative controls
in duplicate, as well as 5 ul of dilution solution as a
conjugate control; 5 ul of the samples were added
afterwards. Next, 50 ul of the pre-diluted mouse
monoclonal antibodies (mAb) solution, specific for
a common epitope of the smooth O-polysaccharide
of LPS molecule, were added to both control and
sample wells. The plate was sealed and shaken for
5 minutes, then incubated for 30 minutes at 20°C.
After incubation, the plate was rinsed 4 times with
PBS-Tween Buffer solution, 100ul of conjugate solu-
tion (goat anti-mouse IgG antibody bound to hor-
seradish peroxidase, HRP) was immediately added
to each well and incubated at 20°C for 30 minutes.

The washing process was repeated and then
100 ul of substrate (hydrogen peroxidase and ABTS
chromogen) was added. It was incubated at 20°C for
10 minutes and the reaction was stopped by adding
50 ul of the stop solution (H2S04) (Viveros, 2019).
The microplate was read at 450 nm with a spectrop-
hotometer (Biotek 800TS, USA), calculating the per-
centage inhibition (PI) for each sample using Equa-
tion 2.

Pl = ODy — ODey % 10 )
0D, — OD,,

Where, OD,,, OD.p,, OD,, are the optical density
readings for the samples, positive control and nega-
tive control, respectively. Samples were classified as
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positive if the antibody titers recorded a PI > 30%,
defined by the supplier. In addition, the fact that
OD., > 0,350 and OD.,/OD., > 3, confirmed that
the test worked correctly.

2.9 Statistical analysis

The analyses were performed using Infostat softwa-
re version 2020 (Di Rienzo et al., 2020). The abso-
lute and relative frequency of antibody seropositi-
ve farms in milk samples against Brucella spp. infec-
tion was calculated. The Chi-square test was used
to analyze if there was a relation between each of
the risk factors and seropositivity. The influence of
the factors was investigated using the logistic re-
gression model. Double-entry tables were made to
perform Odds Ratio calculations to estimate the re-
lative risk of an event. The confidence interval was
95% for the logarithm of the odds ratio as 1.96 stan-
dard errors on both sides of the estimate, in addition
to the P value in each case, stablishing statistical sig-
nificance when P < 0,05

3 Results

3.1 Seroprevalence of bovine brucellosis at
the farm level

Antibodies to Brucella spp. were found in 37 milk
samples from a total of 436 farms analyzed (Figu-
re 1), with a prevalence of 8.5%. The lowest sero-
positivity percentage was found in Sigsig parish,
with 4.16 %, and the highest in San Fernando with
33.33%. No seropositivity was found in the samples
from the other six parishes, so the confidence inter-
vals (-) are recorded without values (Table 1).

3.2 Confirmation of seropositive animals
on ELISA-I positive and negative farms
in milk

Serological tests with RBT and ELISA-C were per-
formed in 34 farms on the cows that contributed to
the milk pool to check the presence of seropositi-
ve animals, with a 100% negative diagnosis with
ELISA-I in milk samples from 20 farms, as no se-
ropositive animals were detected, and in 14 farms
whose milk samples were positive, only 12 of them
had cows with antibodies (Table 2).
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4 Risk factors for the presence of
infection

Logistic regression revealed that abortions, geo-
graphic location, farm extension, farming system,
presence of other domestic species on the farm,
estrus problems, elimination of placental remains,
birth of weak calves and the reproduction system
were significantly related with brucellosis seropo-
sitivity (P < 0,05), being the herds that presented
abortions the ones that showed higher risks of con-

tracting the disease (OR = 2,71). Likewise, herds
whose animals presented problems of repeated es-
trus were more likely to be infected (OR = 2,09).
The birth of weak calves was also a factor associa-
ted with more predisposition (OR = 3,24).

The association with factors such as veterinary
assistance, calving area, water sources, replacement
animals, breed, and the presence of retained pla-
centa did not show significant differences (P < 0,05)
(Table 3).

Table 1. Percentage of brucellosis seropositive herds according to parishes.

. Analyzed Seropositive % 95 % .IC 95 % ¥C
Parish . Inferior Superior
farms farms Positivity .. . .
limit limit
Cuenca 128 19.00 14.84 8.65 20.95
El Pan 49 0.00 0.00 - -
Girén 13 3.00 23.07 0.19 46.00
Guachapala 15 0.00 0.00 - -
Gualaceo 4.00 0.00 0.00 - -
Nabo6n 73 6.00 8.21 1.90 14.50
Ofia 26 3.00 11.53 0.00 23.00
Paute 19 0.00 0.00 - —
Pucara 26 0.00 0.00 - -
San 6.00 2.00 33.33 0.00 71.00
Fernando
Santa
Isabel 1.00 0.00 0.00 - -
Sevilla de 28 2.00 7.14 0.00 16.00
Oro
Sigsig 48 2.00 4.16 0.00 9.00
TOTAL 436 37.00 8.50 5.00 10.00

5 Discussion

The presence of antibodies to Brucella spp. in milk
samples by ELISA-I and confirmed with the exis-
tence of seropositive animals in RBT and ELISA-C
suggests a high exposure to the bacterium of cattle
herds in Azuay, which has been previously descri-
bed by the identification of Brucella abortus strains
in cattle, as well as in humans, in several regions
of Ecuador (Ron-Romadn et al., 2014; Rodriguez-
Hidalgo et al., 2015).

The correlation between ELISA-I in milk, RBT
and ELISA-C in blood serum, indicate a high sen-
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sitivity of ELISA-I to diagnose brucellosis-positive
farms with 100 % specificity. Only in two farms po-
sitive in milk with ELISA-I, no animals were found
positive to RBT or ELISA-C, possibly due to the
movement of these animals to the drying pen or
to reproductive problems at the time of individual
sampling or to the refusal of some owners to take
samples in pregnant females. An antigenic cross-
reaction with other bacterial infections (Yersinia spp,
Salmonella spp, Streptococcos spp, E. coli) could lead to
false positive results in serological diagnosis (Bonfi-
ni et al., 2018), although, according to Nielsen et al.
(2004), this is unlikely, due to the high specificity of
serological tests for brucellosis in milk.
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Table 2. Results with ELISA-I, RBT, and ELISA-C in 34 cattle farms according to geographical location.

Seropositive animals

Seropositive animals

Farms Farms Farms Farms
Parish positive with Sampled  ppp  prisa.c  Megdive with. Sampled  ppr ELISA-C
in seropositive animals in seropistive animals
milk animals milk animals
Cuenca 6 6 236 29 28 10 0 239 0 0
Santa Isabel - - - - - 1 0 24 0 0
Girén 2 2 145 31 31 2 0 41 0 0
Sevilla de Oro - - - - - 2 0 36 0 0
Ona 1 1 31 1 1 3 0 64 0 0
San Fernando 2 2 50 3 3 - - - - -
Nabén 1 - 18 0 0 1 0 14 0 0
Sigsig 2 1 16 1 1 - - - - -
TOTAL 14 12 496 65 64 20 0 418 0 0

The prevalence of brucellosis may vary depen-
ding on the study zones, influenced by different
management practices, the origin of replacement
animals, the farming system, and the greater per-
manence of the bacteria due to variations in climate,
among other factors. Brucella spp. is very susceptible
to sunlight and heat, surviving a few hours in hot
and dry months, while in summer it can survive in
humid soil for approximately 7 days (Matope et al.,
2010), prevailing in endemic areas, due to the wide
range of susceptible hosts, capable of transmitting
the disease (Ducrotoy et al., 2017; Musallam et al.,
2019).

In parishes with higher prevalence of affected
farms, such as San Fernando, Giron, Cuenca, bru-
cellosis could be due to the management system,
mainly due to the mixing of animals from different
herds within the same geographical area (Craig-
head et al., 2018), because these are places with a
higher number of dairy herds and have an impor-
tant cattle trade. In the epidemiological surveys,
most producers stated that they were unaware of
the symptoms of the disease, there was an absen-
ce of serological monitoring by laboratory analysis
and no discarding of infected animals that are com-
monly traded, thus spreading the disease. In areas
detected with low prevalence, such as the parishes
of Paute, El Pan, Guachapala, Gualaceo, Pucara and
Santa Isabel, there are low transmission rates, pos-
sibly due to agro-ecological factors that limit contact
between herds.

The prevalence values obtained in this study
(8.5%) are lower than those found by Mainato and
Vallecillo (2017), in the neighboring province of Ca-
fiar (13.63 %) where they report a higher presence
of seropositive farms in the parishes of Biblidn and
Canar. An epidemiological study of Brucellosis at
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national level (Carbonero et al., 2018) includes the
province of Azuay with a herd level prevalence of
less than 10%; Pichincha 37.5%; Santo Domingo
26.8 %; Tungurahua 25.3 % and Zamora with 4.8 %.
On the other hand, Poulsen et al. (2014), in a study
to determine the prevalence in two provinces of
Northern Ecuador, refer a value of 7.2%. These va-
riations at the country level could be due to sam-
pling techniques, test interpretation, reagents used,
and number of animals sampled.

Among the risk factors, farm size was a signi-
ficant factor associated with a higher brucellosis
seroprevalence, probably due to hygiene problems
resulting from high animal density in extensive pro-
duction systems. Berhe et al. (2007) reported a se-
ropositivity risk of 8.5 and 4.3 times higher in large
and medium herds, respectively, compared to small
herds, since the risk of contact with animals from
other herds decreases in these herds. Similarly, Mc-
Dermott and Arimi (2002), state that the size of
herds in extensive systems, common crossbreeding
with other animals and meeting at common grazing
and watering points increase the risk of contagion
of the disease.

A history of abortions or stillbirths was associa-
ted with brucellosis seropositivity. Aborted fetuses
and uterine secretions provide a constant supply
of the bacterium, maintaining the transmission of
new infections (Sanchez et al., 2020). A relationship
with estrus problems in animals was also observed,
which is in line with other research (Asgedom et al.,
2016), that also identified an increase in the num-
ber of services per calving when cattle presented re-
productive problems due to brucellosis, which af-
fects the genital tract, leading to uterine infection
and poor conception rate.
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Table 3. Risk factors associated with bovine brucellosis.

N° positive

Seropositivity Odd ratio

Factor Variable farms ELISA-I% 95% IC P value
. Yes 58(10) 17.24 2.71 1.25-5.86
Abortions No 378(27) 7.14 0.37 0.17-080 0001
Cuenca 127(19) 14.96
El Pan 49(0) 0
Girén 13(3) 23.07
Guachapala 15(0) 0
Gualaceo 4(0) 0
Naboén 73(6) 8.21
Parish Ona 26(3) 11.53 - - 0.001
Paute 19(0) 0
Pucara 26(0) 0
San Fernando 6(2) 33.33
Santa Isabel 1(0) 0
Sevilla de Oro 28(2) 7.14
Sigsig 46(2) 4.34
Big 208(25) 12.01
Farm Big 2 44(6) 13.64
extension Medium 78(0) 0 - - 0.0043
Small 106(6) 5.66
Exploitation Extensive 196(27) 13.78 3.67 1.76 -7.69 0.0003
system Rope attained 240(10) 4.17 0.27 0.13-0.57 '
Can, OVI, EQUI 256(17) 6.64
Presence of POR, EQUI, OVI 19(2) 11.11
domestic CAN, POR, EQUI, OVI 48(3) 6.25 - - 0.01
species Others 49(7) 14.29
Do not have other species 64(7) 10.9
Estrus Yes 95(13) 13.68 2.09 1.03-4.25 0.03
problems No 341(24) 7.04 0.48 0.24-0.97 ’
Elimination of Buries, trash, burns 103(15) 14.56
placepta Eaten by the 'animal / 164(12) 730 - - 0.03
remains others animals
Leave in the area 169(10) 592
Birth of Yes 45(9) 20 3.24 1.44-7.28 0.0034
weak calves No 391(28) 7.16 0.31 0.14 - 0.69 ’
Reproduction MN (own bull/borrowed) 333(20) 6
system Al 78(16) 20.51 - - 0.0001
MN / Al 25(1) 4
Veterinary assistance ;{?s ;328(7); g}g 01 '737 ggg _ i?ll 0.48
. Paddocks 13(0) 7.69
Calving areas Pens 423(37) 874 - - 0.26
Ditch, river, well 398(37) 9.3
Water Sources Drinking water 27(0) 0 - - 0.14
AP, river, ditches, well 11(0) 0
Of the farm 352(25) 7.1
Replacement animals PR agclll?(e)zfarskgtiarms 660((19)) 1 61567 - - 0.18
PR and outside the state 18(2) 11.11
Holstein 321(24) 7.48
Half-Breed 69(7) 10.14
Breed Brown Swiss 20(2) 10 - - 05
Jersey 26(4) 15.38
. Yes 74(8) 10.81 1.39 0.62-3.12
Retained placenta No 362(29) 8.01 072 032-161 0%

CAN= canines; OVI= sheep; POR= porcine; EQUI= equine; MN= natural mating; Al= artificial insemination; AP= drinking
water; PR= of the farm.
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In relation to the farming system, there are si-
milar results to those reported in this work, where
traditional management would facilitate the spread
of the disease due to poor animal movement con-
trol (Fero et al., 2020). However, Kumar et al. (2016)
mention that horizontal transmission of the disease
in organized farms would be related to overcrow-
ding, high animal density and poor hygienic practi-
ces, such as inadequate disposal of aborted fetuses,
fetal membranes and vaginal secretions, which help
to spread the infection.

Logistic regression associated inadequate dispo-
sal of placenta and fetuses as a predisposing factor
for the transmission of infection, because millions
of Brucellae are excreted during normal parturition
or abortions of infected cows, which can maintain
infectivity for several months, given a suitable envi-
ronment of temperature, sunlight and pH (Sussex,
2016). Similarly, John et al. (2010) indicate that herd
owners who improperly disposed biological waste
after calving, abortions or placental retentions were
more likely to have at least one seropositive animal
when compared to those who properly disposed
these materials.

Although in this work, the association with the
introduction of animals of unknown health sta-
tus into the herd did not have a significant effect,
the percentage of positive animals increases when
animals from other farms are introduced. Kanou-
té et al. (2017) determine a higher probability of
observing Brucella positive herds when untested
cattle enter endemic areas. They emphasize the
need to monitor cattle before entering the farm,
and also to promote replacement with animals from
brucellosis-free farms.

According to the epidemiological survey, most
of the evaluated areas were unaware of the existen-
ce of preventive immunization programs against
brucellosis, so we can infer that the presence of
seropositive animals was due to contact with Bru-
cella in the field and not to post-vaccination reac-
tions. Dorneles et al. (2015) point out that vaccina-
tion is a determining strategy for brucellosis control
and eradication programs. Likewise, Pascual et al.
(2018) state that eradication programs should inclu-
de diagnostic tests, discarding infected animals and
the incorporation of vaccination, which has been
shown to reduce infections and abortions in ani-
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mals.

Olsen and Stoffregen (2005) have proven that
the percentage of reactors in infected herds is lower
in vaccinated animals compared to non-vaccinated
animals. According to their data when using full
doses of strain 19 in calves and evaluating protec-
tion in cattle up to 9 years old, they estimated that
approximately 65-75% of all vaccinated animals
were completely protected during their productive
life. Undoubtedly, the high prevalence of brucello-
sis detected in the area is also related to the absence
of vaccination.

The breeding system can also influence Bruce-
lla spp. infection especially through sexual contact
with neighboring herds or through the exchange
of bulls coming from infected farms (Nardi et al.,
2017). Breed and water sources were not shown in
this study to be predisposing factors for infection.
Although other management factors not considered
could influence, our findings are in line with the ge-
neral epidemiology of bovine brucellosis observed
in other parts of the world (Franc et al., 2018; Hull
and Schumaker, 2018), understanding that the high
prevalence of this disease, represents an important
public and animal health problem in Ecuador.

6 Conclusions

This study provides serological evidence of the pre-
sence of brucellosis in dairy herds with different se-
ropositivity levels in the province of Azuay, with
a high prevalence (8.5%), associated with risk fac-
tors involved in the pathogenesis of the disease and
responsible for its spread. The ELISA-I test in milk
is a useful diagnostic tool to identify brucellosis-
positive farms with very high specificity, reducing
sampling time, cost, and effectively analyze a lar-
ger number of farms at the same time. It is neces-
sary to carry out sero-surveillance in cattle farms
to understand the spatial distribution of the disease
in the country, prior to implementing control pro-
grams and raising public awareness of the zoonotic
transmission of brucellosis.
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