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Abstract
Leptospirosis in small ruminants is an economically important disease that causes important losses by pathologies of the 
reproductive tract. The present study aimed to estimate the seroprevalence and risk factors associated with Leptospira spp. 
in small ruminants under traditional husbandry systems. A cross-sectional epidemiological study was carried out in a sam-
ple of 1039 animals which included 793 sheep and 245 goats from 49 farms of 10 municipalities of northeastern areas of 
Colombia. The MAT test using a panel of 13 laboratory serovars was performed to diagnose the Leptospira spp. antibodies 
in the serum samples of animals. A structured questionnaire was filled in each farm to obtain information on putative risk 
factors, and its association with Leptospira spp. infection was detected by univariate and multivariate logistic regression. The 
general seroprevalence showed a rate of 13.9%, the 79.6% of farms showed at least one positive animal, the 14.2% and 0.4% 
of positive animals showed titers ≥ 1:100 and 1:200, respectively. The seroprevalence in sheep and goats showed a rate of 
13.1% and 16.2%, respectively. The most common serovars in positive animals were Autumnalis (3.6%), Tarassovi (3.4%), 
Bratislava (2.9%), Mini (2.9%), Bataviae (1.4%), Canicola (0.3%), and Grippotyphosa (0.3%). The univariate and multivari-
ate analysis showed as risk factors the absence of housing system (OR = 3.412 CI: 1.347–8.152), the absence of quarantine 
measures to new animals (OR = 1.371 CI: 0.943–1.978), and the protective factor identified was the use of Toggenburg breed 
(OR = 0.571 CI: 0.249–1.074). This exploratory study showed the Leptospira spp. positive small ruminants located in the 
northeastern areas of Colombia with titer associated with chronic and subclinical infection.
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Introduction

Leptospirosis is a widely spread disease that affects the 
small ruminants in developing countries which impacts 
the production and reproduction in the herds. These ani-
mals showed reproductive disorders that involve infertility, 
fetus infection with fetal death, abortion, stillbirth animals, 

and weak of births (Ellis, 1994). The leptospirosis in these 
animals may present asymptomatically or develop a mild 
fever with hemolytic anemia and jaundice that induce a 
decrease in milk production and high mortality (Adler and 
de la Peña Moctezuma, 2010). The small ruminants act as 
carriers of leptospirosis for other animal species affecting a 
wide range of mammals that include domestic animals and 
humans (Bharti et al., 2003). The bacteria in humans affects 
1.03 million people with 58,900 deaths per year with more 
impact in vulnerable populations, such as farmers or inhabit-
ants of slums (Costa et al., 2015). Human infection has been 
associated with the presence of animals as a reservoir, stand-
ing water, occupational activities, poor sanitary conditions, 
weather, and travel (Ullmann and Langoni, 2011).

The genus Leptospira spp. involves 20 species known that 
include 300 serovars related by any host, and all animals are 
susceptible to infection by any serovar (Adler and de la Peña 
Moctezuma, 2010; Picardeau, 2015). Several animal species 

 * Blanca Lisseth Guzman-Barragan 
 bguzman@udca.edu.co; blancalissethguz@hotmail.com

1 Universidad de Ciencias Aplicadas Y Ambientales - 
U.D.C.A, 111166 Bogotá, Colombia

2 Grupo de Investigación Ciencia UDES, Programa de 
Medicina Veterinaria Y ZootecniaFacultad de Ciencias 
Agropecuarias, Universidad de Santander, Valledupar, Cesar, 
Colombia

3 Empresa Colombiana de Productos Veterinarios – VECOL, 
Bogotá, Colombia

/ Published online: 10 December 2021

Tropical Animal Health and Production (2022) 54: 10

http://crossmark.crossref.org/dialog/?doi=10.1007/s11250-021-03019-0&domain=pdf


1 3

were identified as reservoirs shedding the greatest number of 
bacteria in the urine after it colonized renal tubules, trans-
mitted to susceptible animals by direct or indirect contact 
(Adler and de la Peña Moctezuma, 2010; Picardeau, 2015). 
Internationally, the small ruminants were diagnosed with 
serovars that included Pomona, Grippotyphosa, Icterohaem-
orrhagiae, and Australis. The sheep were diagnosed with 
serovar Sejroe, Australis, Grippotyphosa, and Hebdomadis, 
whereas the serovar Pomona was identified in goats (Ellis, 
2015).

The productive situation of the small ruminant farms in 
Latin American countries generally is focused on subsist-
ence and social insurance due in part to low levels of devel-
opment. In these farms, leptospirosis remains with scarce 
monitoring and the information on cattle is commonly 
extrapolated (Martins and Lilenbaum, 2014). In this sense, 
leptospirosis in bovines herds showed a high prevalence with 
rates around 75.0%, in infected animals showed a prevalence 
rate of 44.2%, with the predominance of Sejroe serogroup 
with a high prevalence rate of 80.3% (da Silva Pinto et al., 
2016). Similarly, in Colombia, the sheep and goat popu-
lations are growing with 65% of productions oriented for 
meat and 35% for milk. The highest number of animals is 
located in the northeast region of the country, managed on 
the traditional extensive system with small semi-intensified 
productions (Gómez Moreno et al., 2014). However, the 
studies focused to determine the seroprevalence of lepto-
spirosis in small ruminants are scarce. Consequently, the 
current knowledge on epidemiology and control, as well as 
available diagnostic tools and commercial vaccines, may 
not be adequate for the region. Therefore, the current study 
investigated the seroprevalence and risk factors for lepto-
spirosis in sheep and goats located in the northeastern areas 
of Colombia.

Materials and methods

Study area and population

The present study was carried out in the semi-arid zone of 
northeastern areas of Colombia including the peninsular 
zone of La Guajira and Cesar departments, covering the 
municipalities of San Juan del Cesar, Distracción, Fon-
seca, El Molino, La Jagua del Pilar, Urumita, Villanueva, 
La Paz, San Diego, and Valledupar. The small ruminants 
census in the area recorded 57,163 animals according to 
the animal health service (ICA, 2016). These small animals 
were maintained mainly on traditional husbandry systems, 
characterized by extensive grazing without delimited areas 
with scares incorporation of technology. In the climatic con-
ditions prevailed, the binomial rain patterns by periods of 
intense precipitation (April–June, September–November) 

alternated with two periods of lesser rainfall (Decem-
ber–March, July–August) with temperatures that range from 
22 to 37 °C. The total precipitation was 1500 mm per year 
with a relative humidity ranging between 66 and 79%. The 
second period of rain contributed to 55% of the total pre-
cipitation and the first period contributed to 20% (IDEAM, 
2014).

Study design and sampling

A cross-sectional epidemiological study was conducted 
with a sample estimated concerning the population census 
(57,163) with 40% of expected prevalence according to the 
study conducted by Campos et al. (2017) in Brazil due to 
the absence of studies in Colombia. The sample size was 
calculated using these parameters with a confidence inter-
val of 99%, and a design effect of 1.5 using Epi Info™ v 
7.2.0.1 software (CDC, 2016). The sample was estimated 
in 945 animals; however, a total of 1039 animals from 49 
farms were randomly sampled including 793 sheep and 245 
goats. The blood samples of animals were collected from 
the jugular vein in the tube without anticoagulant and kept 
in refrigeration at 4 °C until the arrival at the laboratory. 
Then, the serum was separated by centrifugation at 500 × g 
for 10 min and preserved at − 20 °C until the serological test 
was performed.

MAT test

The microscopic agglutination test (MAT) was employed 
using the serum of animals according to the method 
described by Faine (1982) to confirm the diagnosis of lep-
tospirosis. The serum samples were screened at a 1:100 
dilution using a panel of live strains of Leptospira spp. 
serovars Autumnalis, Bataviae, Bratislava, Canicola, Copen-
hagen, Cynopteri, Grippotyphosa, Hardjo Prajitno, Mini, 
Pomona, Shermani, Tarassovi, and Caledonia. These strains 
were grown in a liquid medium (EMJH for 7–10 days at 
28–30 °C) without contamination or auto-agglutination. The 
sera that showed an agglutinating activity of 1:100 dilution 
were both considered positive and previous infected animals 
according to OIE (2018). The sera with agglutination activ-
ity of 1:400 were interpreted as an acutely infected animal 
with clinical signs as suggested by Adler and de la Peña 
Moctezuma (2010)

Statistical and association analyses

The seroprevalence was determined by dividing the 
number of seropositive animals by the number of sam-
pled animals, considering a confidence interval (CI) of 
95%, SPSS version 20 (SPSS Inc., Chicago, II, USA). 
The seroprevalence data and shape from website https:// 
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sites. google. com/ site/ serie scol/ shapes were introduced 
in ESRI ArcGIS® v10.1 geographic information system 
(GIS) software for epidemiological map construction. The 
information about risk factors associated with seropositiv-
ity was obtained using an epidemiological questionnaire 
with closed and dichotomic answers. This questionnaire 
included 90 variables, such as sex, species, breed, age, 
presence of other animal species, water source, manage-
ment practices, and biosecurity inside farms following 
the parameters of animal health service (Instituto Colom-
biano Agropecuario—ICA). The data obtained from this 
questionnaire and the results of the serological analysis 
were stored in a Microsoft Excel spreadsheet. The uni-
variate analysis was conducted to evaluate the relationship 
between seropositivity of Leptospira spp. and the vari-
ables studied by Pearson’s chi-square test. The multivari-
able logistic regression model was applied, including the 
variables with p ≤ 0.05 from the univariate analysis. The 
statistical analyzes were performed with SPSS version 20 
software (SPSS Inc., Chicago, II, USA).

Results

Seroprevalence

A total seroprevalence of 13.9% (95% CI: 11.8–16.3%) was 
identified and 79.6% of herds presented at least one positive 
animal. In the positive animals, 14.2% and 0.4% showed 
titers of 1:100 and 1:200, respectively. In the sheep was iden-
tified a seroprevalence of 13.1% (95% CI: 10.7–15.8%), the 
females and males showed 12.9% (95% CI: 10.3–16.8%) 
and 13.7% (95% CI: 8.6–20.7%) of seroprevalence. In the 
goats was identified a seroprevalence of 16.2% (95% CI: 
11.9–21.5%), the males and females showed 12% (95% CI: 
2.5–31.2%) and 15.2% (95% CI: 10.7–20.9%) of seropreva-
lence. Among the municipalities, the seroprevalence was 
high in Villanueva with a value of 30.0% and low in la Jagua 
del Pilar and Urimita with a value of 6.7% (see Fig. 1). In 
both animal species, the serovar Autumnalis with 3.6% was 
the most frequent, followed by Tarassovi with 3.4%, Brati-
slava with 2.9%, Mini with 2.9%, Bataviae with 1.4%, Cani-
cola with 0.3%, and Grippotyphosa with 0.3%. The 4.8% 
of positive animals reacted for more than one serovar and 
the coinfection including two serovars were composed by 
the association between Bratislava/Autumnalis, Autumna-
lis/Canicola, Autumnalis/Mini, Bataviae/Mini, Bratislava/
Tarassovi, and Autumnalis/Mini/Tarassovi. Concern-
ing titers, the positive animals especially those presented 
titers ≥ 1:100 were 14.2% of all diagnosed; meanwhile, the 
animals with titer ≥ 1:200 were 0.4% of all diagnosed and 
any animal showed titers ≥ 1:400 (see Table 1).

Association analyses

There was no correlation between Leptospira spp. seropreva-
lence with sex, water source, presence of other animals, and 
weaning time when the univariate analysis was performed. 
The correlation analysis identified the use of breed Toggen-
burg as protector factor (OR = 0.571 CI: 0.249–1.074); 
meanwhile, the use of breeds Pellibuey, Sudan, and Alpine 
did not show statistical significance (see Table 2). The 
univariate analysis had identified risk factors variables 
including the housing deficiency for animal management 
(OR = 3.412 CI: 1.347–8.152) and the lack of quarantine 
measures for a new animal (OR = 1.371 CI: 0.943–1.978). 
There was no statistical correlation for the variables includ-
ing, the absence of disinfection, the presence of feces in 
the perimeter, the lack of rodent control, and the produc-
tion of animals on land. The multivariate analysis confirms 
as risk factors including the absence of a housing system 
(OR = 3.412 CI: 1.347–8.152) and the lack of quarantine 
measures (OR = 1.371 CI: 0.943–1.978); meanwhile, the use 
of Toggenburg breed was confirmed as a protector factor 
(OR = 0.571 CI: 0.249–1.074) (see Table 3).

Discussion

This is the first report of leptospirosis in small ruminants 
located in the northeast of Colombia, and the seropreva-
lence rates identified were related to the epidemiology of 
leptospirosis identified in other animal species on traditional 
husbandry systems (Romero-Vivas et al., 2013; Ensuncho-
Hoyos et al., 2017). However, the seroprevalence rates iden-
tified were less than to rates identified in small ruminant 
productions of Latin American countries. In this sense, the 
small ruminants located in the Maranhão state of Brazil 
showed a seroprevalence of 32% (de Carvalho et al., 2014). 
The sheep and goats located in the Brazilian northeast 
showed a seroprevalence of 40.5% and 34.6%, respectively 
(Campos et al., 2017). The goats of the Brazilian southeast 
showed a seroprevalence rate of 31.3% (dos Santos et al., 
2012). Similarly, the rates of seroprevalence were less than 
57% of seroprevalence identified in sheep of Punó (Peru) 
(Bautista et al., 2014), and less than to seroprevalence of 
24.8% identified in small ruminants of Chile (Zamora et al., 
2010).

However, the seroprevalence rates identified in this study 
were related to rates of 18% and 20% identified in sheep and 
goats from Morocco, respectively (Benkirane et al., 2016). 
These results were related to the seroprevalence rates of 
21.6% identified in goats of Poland (Czopowicz et al., 2011), 
and rates of 6.7% and 16.16% identified in sheep and goats 
from Greece (Burriel et al., 2003). Similarly, low rates of 
6.1% and 2.1% of seroprevalence were reported in sheep 
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and goats from Italy, respectively (Ciceroni et al., 1997). 
Also, a study carried out on goats from different regions 
of India identified a seroprevalence of 17.88% (Sabarinath 
et al., 2018). Generally, the seroprevalence values observed 
in this study agree with values identified in small ruminants 
on a similar management system and dry weather conditions.

Considering that 14.2% of the positive animals showed 
titers ≥ 1:100, this titer could be related to subclinical and 
previously infected animals (da Silva Pinto et al., 2016). The 
animals of the present study did not show titers ≥ 1: 400 nor-
mally associated with acute infections and clinical signs of 
the disease (Faine, 1982; Musso and La Scola, 2013). Con-
sidered that the 0.4% of animals showed a titer ≥ 1:200, this 
titer could be interpreted concerning the epidemiological 

situation of leptospirosis, previously recommended for 
diagnosed of exposed animals in endemic areas (da Silva 
Pinto et al., 2016), and determine the inapparent reproduc-
tive failure associated with productive and economic losses 
(Lilenbaum and Martins, 2014). The low cutoff of MAT 
could be associated with host-adapted serovars that cause 
chronic or asymptomatic infections (Lilenbaum and Martins, 
2014). However, the positivity identified in the titer ≥ 1:100 
and the low prevalence rate confirm the exploratory value of 
this cutoff titer in tropical dry condition herds.

Considering that Leptospira spp. serovars Autumnalis, 
Tarassovi, Bratislava, Mini, Bataviae, Canicola, and Grip-
potyphosa were diagnosed in this study, in small ruminants, 
the leptospirosis has often been associated with strains 

Fig. 1  Seroprevalence rate and 
affectation area by Leptospira 
spp. in small ruminants of semi-
arid municipalities of Colom-
bian northeastern
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Table 1  Percentage and distribution of Leptospira spp. seropositivity in small ruminants of Colombian northeastern

* Total percentage of animals reactive according to animal species

Serovars Coinfections Sheep Goat Total

1:100 1:200 Seroposi-
tive (%)*

1:100 1:100 Seroposi-
tive (%)*

1:100 1:200 Seroposi-
tive (%)

Autumnalis -A BR, C, M, M T 26 0 36 36 36 1.1 36 1 3.6
Bataviae -B M 12 1 14 14 14 0.2 14 1 1.4
Bratislava -BR A, T 20 2 28 28 28 0.8 28 2 2.9
Canicola -C A 2 0 3 3 3 0.1 3 0 0.3
Copenhageni -CO 0 0 0 0 0 0.0 0 0 0.0
Cynopteri -CY 0 0 0 0 0 0.0 0 0 0.0
Grippotyphosa -G 2 0 3 3 3 0.1 3 0 0.3
Hardjo prajitno -H 0 0 0 0 0 0.0 0 0 0.0
Mini -M A, B, AT 14 0 30 30 30 1.5 30 0 2.9
Pomona -P 0 0 0 0 0 0.0 0 0 0.0
Shermani -S 0 0 0 0 0 0.0 0 0 0.0
Tarassovi -T BR, MA 22 0 30 30 30 1.3 30 0 3.4
Celledoni -Ce 0 0 0 0 0 0.0 0 0 0.0

Table 2  Univariate analysis 
of risk factors associated with 
Leptospira spp. seroprevalence 
in small ruminants of 
Colombian northeastern

OR odds ratio, CI confidence interval
* Statistically significant 90%
**  statistically significant 95%

General variable OR X2 P CI

Male sex 0.498 0.480 1.174 0.747–1.796
Sex female 0.855 0.498 0.480 0.553–1.322
Weaning before two months 0.665 2.170 0.141 0.385–1.148
Weaning after two months 1.225 1.165 0.280 0.847–1.773
There is no weaning 0.938 0.128 0.721 0.660–1.333
Pellibuey breed 0.996 0.000 0.983 0.685–1.449
Sudan breed 0.758 1.848 0.174 0.508–1.131
Alpine breed 0.837 0.71a 0.398 0.554–1.265
Toggenburg breed 0.517 3.231 0.072* 0.249–1.074
Canine presence 1.177 0.007 0.396 0.808–1.713
Bovine presence 1.090 0.212 0.645 0.754–1.576
Equine presence 1.025 0.016 0.898 0.700–1.501
Swine presence 0.993 0.001 0.970 0.681–1.447
Poultry presence 1.161 0.657 0.418 0.809–1.665
Water source from river directly 1.322 2.153 0.142 0.910–1.922
Water source from aqueduct 1.062 0.095 0.759 0.723–1.561
Lough water source 0.869 0.603 0.437 0.610–1.238
Variable of managed practices and biosecurity
There are no excreta management 1.141 0.527 0.468 0.800–1.627
There are no disinfect 0.911 0.270 0.603 0.641–1.294
There are no use perimeter fences 0.781 0.549 0.459 0.406–1.503
Housing on land 0.803 0.232 0.629 0.343–2.151
There is no housing appropriate for the management 3.412 8.496 0.004** 1.347–8.152
Lack of quarantine measures of new animal 1.371 2.825 0.093* 0.943–1.978
There are no measures of rodent control 1.245 0.843 0.359 0.780–1.987
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belonging to the Sejroe serogroup, particularly serovar 
Hardjo (Lilenbaum and Martins, 2014). However, the most 
frequent serovars diagnosed were Autumnalis followed by 
Tarassovi and Bratislava; generally, the Autumnalis sero-
var was diagnosed in goats of the Brazilian northeast and 
southeast regions located in arid and semiarid areas (Higino 
et al., 2013; Campos et al., 2017). The plausible presence 
of Autumnalis serovar could be related to the presence of 
rodents as a main reservoir of bacteria that shedding it in 
urine to the environment of small ruminants (Ellis, 2015). 
The Tarassovi serovar diagnosed are in agreement with a 
study carried out in small ruminants of the Brazilian south-
east under traditional management system (dos Santos et al., 
2012), which is commonly identified in pigs associated with 
reproductive disorders in the animal species (Ramos et al., 
2006), and the diagnosis in this study infers the presence of 
pigs inside farms and reproductive disorders in the small 
ruminants. Also, the serovars Grippotyphosa and Bratislava 
were diagnosed to a lesser extent in the study; this finding is 
related to a study realized on sheep located in farms nearly 
to cattle of the Andean region of Colombia that identified the 
serovars Icterohaemorrhagiae, Bratislava, Hardjo, Canicola, 
Pomona, and Grippotyphosa (Parra Solano et al., 2016). The 
presence of these serovars infers mixed grazing between 
small ruminants and cattle with the transmission of bacteria 
from cattle to small ruminants. The diagnosis of Canicola 
and Copenhageni serovars showed low frequency similar to 
a study conducted in small ruminants in Chile, suggesting 
low participation in leptospirosis (Zamora et al., 2010).

Considering that the 4.8% of positive animals reacted for 
more than one serovar and the association between serovars 
were markedly characterized by the diagnosis of Bratislava, 
Autumnalis, Canicola, Mini, Bataviae, and Tarassovi; these 
serovars generally could be associated with infection in 
rodents, pigs, and canines (Desvars et al., 2011). This mixed 
infection found in the small ruminants suggests a possible 

infection from the reservoir host involved in the bacteria 
manutention, as suggest the risk factors involving the control 
of rodents. However, a mixed diagnosis including more than 
one serovar could be related to the low specificity of MAT 
and the plausible cross-reaction between laboratory strains 
of Leptospira serovars. To reduce this interference, many 
authors suggest the importance to introduce the local Lepto-
spira strains into the panel of MAT test (da Silva Pinto et al., 
2016). However, for exploratory purposes, this study showed 
that serovars commonly diagnosed in small ruminants could 
be used in the antigen panel of MAT.

The serovars identified in comparison to serovars identi-
fied in other countries out of Latin America showed a dif-
ference in the incidence of serovars in countries of Europe, 
India, Arabia, and Africa. In this sense, a study on sheep in 
Poland reports a higher frequency of Bratislava and Zanoni 
serovars, followed by Australis and Autumnalis (Czopow-
icz et al., 2011). In Italy, the epidemiological surveillance 
of leptospirosis between 2010 and 2011 identified mainly 
the Sejroe serovar in sheep and Icterohaemorrhagiae in 
goats (Tagliabue et  al., 2016). In Spain, a surveillance 
study on 973 outbreaks in sheep and 262 in goats mainly 
identified the serovars Pomona, Sejroe, Icterohaemorrha-
giae, and Grippotyphosa (Leon-Vizcaino et al., 1987). In 
small ruminants of India, the most prevalent serovars were 
Icterohaemorrhagiae, Grippotyphosa, and Pyrogenes with 
great diversity serovars in the coastal region of the country 
(Sabarinath et al., 2018). In Baghdad, the most common 
serovar identified in small ruminants was Hardjo, Mini, and 
Hebdomadis (Habasha and Sultan, 2010). In Morocco, the 
most common serovars identified in sheep were Ballum, 
Australis, and Sejroe, and in goats was Australis and Ballum 
(Benkirane et al., 2016). Generally, the incidence of serovars 
is related to system production, management practices, and 
environmental conditions.

The association analysis identified as risk factors the 
management practices such as the deficiency of appropri-
ate housing for animal husbandry and the absence of quar-
antine measures for a new animal. Similarly, a study car-
ried out in animals on similar husbandry systems identified 
that inadequate management favors the occurrence of lep-
tospirosis (dos Santos et al., 2012). Some authors claimed 
that environmental factors and management practices can 
determine animal exposure and serovar distribution in the 
tropics, such as flock size, the number of dogs, feeding on 
pasture, weir, and/or stream as a water source, and veteri-
nary services (Campos et al., 2017; Dreyfus et al., 2018). 
In cattle, herds with access to technical resources tend to 
be infected by host-adapted strains, while herds with fewer 
technical resources generally present incidental infections 
(Martins and Lilenbaum, 2017). In the present study, the 
use of the Toggenburg breed was identified as a protective 
factor for Leptospira spp. infection, because the improved 

Table 3  Multivariable logistic regression analysis of variables asso-
ciated with Leptospira spp. seroprevalence in small ruminants of 
Colombian northeastern

Potential risk factors (P < 0. 05) were selected for inclusion in the 
multivariable model
OR odds ratio, CI confidence interval (95%)
* Statistically significant

General variable β OR p CI (95%)

Toggenburg breed  − 0.647 0.524 0.000* 0.370–0.740
There is no housing 

appropriate for the 
management

0.678 1.969 0.000* 1.414–2.743

Lack of quarantine 
measures of new 
animal

0.398 1.489 0.046* 1.006–2.204
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management breeds show a less infection rate than others 
(dos Santos et al., 2012). These results could be related to 
better management for improved breeds about native and 
mixed breeds due in part to economic value.

Considering that small ruminant productions in tropical 
countries are characterized by traditional extensive hus-
bandry systems with wild and domestic animals around. 
The epidemiological situation in this context is changing 
by the occurrence of several animals as the reservoir of 
Leptospira spp. serovars in non-technical production sys-
tems. The findings of this study contribute to orient the 
formulation of vaccines against leptospirosis because it 
is commonly formulated according to international ref-
erences strains that may not be adequate for protection 
against infections caused by native strains (da Silva Pinto 
et al., 2016). In this sense, the reference serovars showed 
differences in protection between serovars diagnosed by 
serology in different countries (Lilenbaum and Martins, 
2014). Also, knowing the serovars will allow a more 
specific reservoir control and establish effective environ-
mental and management measures (Martins et al., 2012; 
Lilenbaum and Martins, 2014; Mughini-Gras et al., 2014).

This study showed the leptospirosis in small ruminants 
located in the tropical semi-arid zone in the northeastern 
areas of Colombia with serovars Autumnalis, Tarassovi, 
Bratislava, Mini, Bataviae, Canicola, and Grippotyphosa. 
The serovars diagnosed provide valuable information to 
guide control strategies, allow reservoir control, and estab-
lish environmental and sanitary management measures. 
The seropositivity was associated with risk factors, such 
as housing deficiency for animal management and lack of 
quarantine measures for new animals introduced. The use 
of improved managed breed as Toggenburg was identi-
fied as a protective factor for Leptospira spp. infection 
due in part to best housing and management practices. 
We conclude by affirming the urgency to design strategies 
for leptospirosis control in small ruminants including the 
access of technical assistance programs to farm owners, 
to improve husbandry practices, and the evaluation of the 
zoonotic impact on the human population around.
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