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Abstract. Data from 303 hair sheep kept in confinement in a hot desert environment were used to determine the
incidence and some risk factors for Brucella seropositivity in hair sheep in northern Mexico. Serums were tested for
antibodies to B. melitensis by the standard agglutination card test (3% cell concentration); B. ovis was tested by the
double agar gel immuno diffusion test (AGID). Incidence was 7.26 % (95 % confidence interval, 4.6 to 10.8) for
B. melitensis and 1.98 % for B. ovis (95 % confidence interval, 0.7 to 4.3). All ewes seropositive for B. ovis were also
seropositive to B. melitensis. Logistic regressions were used for the evaluation of some risk factors for Brucella
seropositivity. Body condition score, thoracic circumference, height to withers and height/thoracic circumference were
not associated with seropositivity to Brucella. On the other hand, crossbred ewes (Dorper x Pelibuey) were 2.31 times
more likely (10.4% vs. 4.8%; P=0.06) to be seropositive to Brucella compared with Dorper and Pelibuey ewes. The
incidence of seropositive animals decreased markedly in Dorper ewes than in Pelibuey and crossbred combined (1.1 %
vs 6 %; P = 0.02). The finding that Dorper ewes present a lower incidence of seropositive animals to Brucella compared
with Pelibuey and crossbred ewes is novel. These results also highlight the fact that Brucella melitensis represents an
important hazard for intensive sheep operations, which contradicts the earlier perception that brucellosis was only
prevalent in traditional pastoral sheep flocks.
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Introduction. Ovine brucellosis is an insidious and
chronic disease that occurs in a great deal of the sheepproducing areas of the world, including Mexico (NuñesTorres et al. 1997; Méndez-Nárez et al. 1999). The
causative pathogens of ovine brucellosis are B. ovis and
B. melitensis (Ridler and West, 2011). Ovine brucellosis
is an important problem in small ruminants in developing
nations where this reproductive disease can be widespread
due to poor husbandry practices such as lambing or
kidding in crowded insanitary enclosures which favours
the spread of this Gram-negative coccobacillus.
Additionally in some countries, like Mexico, it is not
uncommon to keep goats and sheep in the same flock,
which favour transspecies transmission of Brucella
melitensis.
Brucella melitensis is highly pathogenic for humans,
constituting one of the gravest zoonosis in the world,
causing considerable economic losses to small ruminant
producers (Benkirane 2006). B. ovis has a predilection for
replication in the genital tract of rams, where it causes
unilateral or bilateral chronic epididymitis, which impairs
their fertility (Searson 1987; Tsolis et al. 2009). It is not
completely known why B. ovis preferently colonize the
epididymis; it has been proposed that this affinity is due
to adhesion to mucosal epithelial cell of this duct by
roughed Brucella, which is essential for the initiation of
the pathogenesis of theses bacteria (Paolicchi, 2000).

Even in the absence of noteworthy clinical changes, rams
can begin shedding B. ovis in semen as early as 28 days
after exposure and lesions of epididymitis develop as
early as 36 days after exposure (Ridler et al. 2014), which
has a detrimental effect on ejaculate quality (CarvalhoJúnior et al. 2012).
Ewes rarely carry the infection for more than one or
two oestrus cycles (Grilló et al. 1999), but it has been
postulated that ewes could play a role in keeping the
infection in flocks (Afzal and Kimberling 1986; Marco et
al. 1994) by transmitting Brucella at joining when a
healthy ram serves a ewe that has recently been served by
an infected ram in the same cycle. Moreover, these
bacteria can alter blood circulation of sheep placenta,
entailing placentitis, abortion as well as neonatal death
(Ficapal et al. 1998).
This disease causes large economic loss in flocks due
to increased culling of rams, as a consequence of
infertility in these animals (Brucella ovis is recognized as
the most important cause of contagious ovine
epididymitis), reduced occasionally abortions and the
birth of weak unviable offsprings (Libal and Kirkbride
1983). The present status of ovine brucellosis in Mexico
is not well defined, due to the limited studies on this
disease in sheep and the fact that the surveillance and
control of ovine brucellosis is rarely implemented. In fact,
vaccination against Brucella is rare in ewes in all zones of
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Mexico (Díaz-Aparicio et al. 1996). Therefore, the aim of
this study was to estimate the incidence of brucellosis in a
hair sheep flock under intensive conditions. An additional
objective was to identify some risk factors associated with
the occurrence of seropositive sheep to Brucella.
Material and Methods. All animal care and
experimental procedures were conducted in accordance
with institutional policies for animal health and wellbeing and approved by the Autonomous Agrarian
University Antonio Narro Animal Care and Use
Committee.
Animals and housing. This study was carried out on
a well-managed herd of hair sheep kept in confinement in
open pens in a hot area of northern Mexico (26° 23′ N,
104°47′ W, about 1000 m above sea level). Long- term
mean annual rainfall is 230 mm and average year
temperature is 27°C. Ewes were Dorper, Pelibuey and
crosses of Dorper x Pelibuey.
Ewes were vaccinated against several Clostridium and
Pasteurella (Bayovac Blacklegol Triple® Bayer Mexico,
Ecatepec, Edo. de México, Mexico) and ivermectinebased parasiticide was applied I.M. regularly. Diets were
formulated based on NRC (1985) containing energy
levels of 2.50 Mcal EM/kg DM and 120 g/kg crude
protein on DM basis. The bulk was composed of corn
silage (60 %) and a concentrate composed of soybean
meal, corn, and minerals. Ewes and lambs had free access
to food and water. Feed was provided twice daily at 0730
and 1600 in quantities sufficient to insure 10 % orts.
Ewes were exposed to rams year-round, in groups of
approximately 40 ewes per pen. These animals were
joined with mixed age rams of their respective breed or
cross, at a ram/ewe ratio of 1:10. Upon weaning of their
lambs (average age 70 days), ewes were immediately
rebred. On the day of blood collection, the following
information was recorded for each ewe: breed, height to
withers, body condition score (estimated on a 0 to 5
scale), thoracic circumference and height/thoracic
circumference.
Blood sampling and testing. Screened ewes (n=303
average BW = 36.3 kg) had not been vaccinated against
brucellosis. Also, ewes had no history of having been
tested for brucellosis. Blood was obtained in December
2013 by jugular venipuncture using 21-gauge sterile
Table 1. Risk factors associated with
environment in Mexico

Brucella

needles and disposable 5-ml plastic syringes. Blood was
collected in vacuum plastic tubes (Vacutainer®) and left
for 30 min at ambient temperature to obtain the serum.
These serums were tested for antibodies to B. melitensis
by the standard agglutination card test (3 % cell
concentration; 98 % sensitivity and 100 % specificity;
Díaz-Aparicio et al. 1999). B. ovis was tested by the
double agar gel immunodiffusion (AGID) test using B.
ovis Reo 198 as stock of reference.
Statistical analysis. Descriptive statistics were used
to determine percentage of ewes seropositive to Brucella.
95% conﬁdence intervals were calculated with the SAS
program (Proc Freq/binomial; SAS Inst. Inc., Cary, NC,
USA). To analyze factors contributing to the probability
of positive reaction to brucellosis (binary outcome), a
multiple logistic regression model of SAS (LOGISTIC
procedure) was used. The model included the following
potentially explanatory variables of interest: breed
(Dorper, Pelibuey and crossbreed), body condition score,
and thoracic circumference, height to withers and height
/thoracic circumference. Serum antibody status was the
dependent variable. Body condition score was classified
as being ≤3.3 or >3.3 units. Height to withers was
categorized as lower or greater than 64 cm. Thoracic
circumference was coded as less or higher than 85 cm.
Height/thoracic circumference was classed as lower or
greater than 0.75 units.
Results. Out of a total 303 ewes tested, 22 were
positive (7.26 %; 95 % CI= 4.6-10.8) to Brucella
melitensis on the standard card test. Six of the ewes
seropositive to B. melitensis (1.98 %; CI= 0.7-4.3) also
resulted positive to antibodies of B. ovis on the AGID test,
with no ewes testing positive for only B. ovis. Body
condition score, thoracic circumference, height to withers
and height/thoracic circumference had no significant
(P>0.05) influence on seropositivity to brucellosis (Table
1). Listed in Table 1 are factors which significantly
affected the likelihood of ewes becoming seropositive to
brucellosis. Crossbred ewes were 2.3 times more likely (P
= 0.06) to be Brucella-positive than ewes of other breeds.
On the other hand, the Dorper breed was identified as a
protective factor for seropositivity for this disease,
compared to all other breeds.

seropositivity in hair sheep in an intensive system in a hot arid-

Variable
n
Incidence
OR
Genotype
Crossbred
135
0.104
2.31
Pelibuey + Dorper
168
0.048
Reference
Pelibuey
78
0.089
1.38
crossbred + Dorper
225
0.06
Reference
Dorper
90
0.011
0.10
Pelibuey + crossbred
213
0.985
Reference
Results presented as odds ratio (OR) and 95% confidence intervals (CI).

Discussion. Because B. ovis is a rough strain that
lacks O-LPS chain and B. melitensis is a smooth strain,

CI OR

P

0.94 – 5.69

0.06

0.54 – 3.52

0.49

0.01 – 0.77

0.02

they do not cross-react serologically with each other, thus,
few ewes had simultaneously antigens against both strains
49
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greater than seroprevalence among sheep in other
countries. The study highlights mainly the presence
of antibodies to Brucella melitensis in sheep. Sheep
producers in intensive systems also are provided with
evidence that strong variation in breed susceptibility to
this infectious disease exists, with evidence that Dorper
sheep are less susceptible to present serum antibodies for
Brucella than Pelibuey and crosses between Dorper and
Pelibuey ewes.

of Brucella, which indicates that possibly B. melitensis
infection co-exists with B. ovis. These results reaffirm that
sheep brucellosis is a zoonosis mainly due to B. melitensis
with a minor involvement of B. ovis in ewes. This is one
of the few studies to examine the incidence of Brucella
serum antibody status in ewes in intensive systems. Prior
to this study there was the perception that there is little
brucellosis in commercial sheep flocks in Mexico,
particularly in intensive systems. In fact, Carrera-Chavez
et al. (2013) detected reactor rams to B. ovis antigens in
semi-intensive and extensive systems, but not in intensive
systems in Mexico. Lack of adequate sheep and goat
Brucella control program in Mexico may contribute to the
occurrence of ovine brucellosis in this particular intensive
ovine operation.
The 7.26 % incidence of Brucella-seropositive ewes in
the present study is very close to the 7.2 value found by
Al-Talafhah et al. (2003) for native sheep of Jordan
(ELISA test), 6.9–7.5 % for native sheep of Brazil (Agar
gel immunodiffusion) observed by Alves et al. (2010) and
Araujo et al. (2013) and 5.41 % by the BAPA test in
native sheep of Egypt under pastoral condition (Samaha et
al. 2008). The incidence of positive reactors to Brucella in
the present study is more than twice the national figures
reported to be 2.4 % in previous studies (Nuñes-Torres et
al. 1997). This higher incidence is of major concern
because it highlights the fact that the good management
practices applied to this particular flock, including
thorough hygiene practices, did not avoid the spread of
positive reactors among ewes. In Mexico the brucellosis
problem largely centres on goats, which gives rise to
widespread infections of man, but this study demonstrate
that sheep could also represent a reservoir of this
infection.
Underfed sheep are expected to have a decreased
immunity response that is manifested by animals in poor
body condition (Lacetera et al., 2001). This response was
not observed in the present study, which is agreement
with other studies in camels (Hadush et al., 2013) and
cattle (Kebede et al., 2008).
The fact that crossbred ewes presented higher risk for
brucellosis seropositivity indicates that no apparent
advantage for heterozygosity to brucellosis resistance
exists in crossbred ewes. The observation that Dorper
ewes compared with other hair breeds of ewes were less
likely to be Brucella seropositive is in line with the data
of Araujo et al. (2013), who also reported lower
seroprevalence of Brucella in Dorper sheep compared to
Santa Ines and crossbred ewes. Natural resistance against
brucellosis has been demonstrated in bovines, particularly
in cattle adapted to harsh environments, and it is linked
with the ability of macrophages to prevent intracellular
replication of Brucella abortus (Macedo et al. 2013) and
the Nramp1 gene, which enhances innate and adaptive
immunity favouring bacterial killing by macrophages
(Paixão et al. 2006). Thus, Dorper sheep apparently have
developed adaptive traits to resist Brucella infection.
Conclusions. The obtained results indicate that the
incidence of Brucella-seropositive in hair sheep in this
intensive sheep operation in north-eastern Mexico is not
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