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Introduction
Leptospirosis is a zoonotic, infectious, and cosmopolitan 
disease that occurs worldwide and is caused by obligate 
pathogenic bacteria of the genus Leptospira (Fávero et 
al., 2017; Vincent et al., 2019). Almost all mammals 
can be exposed to Leptospira spp. and can become 
lifelong carriers. The disease affects dairy and beef 
cattle, causing infertility, abortion, and reduced milk 
production, reflecting in economic losses (Ruano et al., 
2020). 
Leptospira can be divided into three lineages that 
correlate with the level of pathogenicity of the species: 
saprophytic, intermediate, and pathogenic (Vincent et al., 
2019), of which at least 300 serovars are known, divided 
into 28 serogroups for convenience (Levett, 2015). 
Cattle can be recognized as maintenance hosts of serovar 

Hardjo and other members of the Sejroe serogroup. 
However, serovars Pomona, Icterohaemorrhagiae, and 
Grippotyphosa may also be associated with bovine 
infection (Grippi et al., 2020).
Bovine leptospirosis can result in abortions, fetal death, 
premature calving, and the birth of weak, low-weight 
calves. This infection is more closely associated with 
more subtle syndromes, such as subfertility and early 
embryonic death. Thus, this disease can go undetected 
and undiagnosed, compromising reproductive 
efficiency and decreasing herd productivity over long 
periods (Loureiro and Lilenbaum, 2020).
Signs and symptoms of leptospirosis are often varied, 
allowing it to be confused with other causes of acute 
febrile syndromes; therefore, early diagnosis and 
identification of a specific agent in clinical specimens are 
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crucial for effective treatment (Ali et al., 2021). Rodents 
are the main reservoirs for this disease; however, cattle 
are responsible for maintaining the disease (Fávero et al., 
2017). In Latin America, a high prevalence of infection 
has been established (75.0% at herd level and 44.2% at 
animal level), with a predominance of Sejroe serogroup 
strains (80.3%) (da Silva Pinto et al., 2016).
In 2019, the Colombian agricultural sector represented 
6.74% of the country’s gross domestic product (GDP); 
in addition to this, the livestock sector contributed 
28.9% of the agricultural sector (DANE, 2020). In this 
sense, livestock is one of the most important agricultural 
activities in Colombia, which participated with 48.7% 
of livestock GDP (FEDEGAN, 2018). Taking this into 
account, it is important to mention that the productivity 
of a farm begins with an adequate state of animal health, 
which depends mainly on the efficient management 
of pathogens (Washburn, 2020), where the control 
of etiological agents of infectious diseases generates 
significant negative impacts on the reproductive 
efficiency of bovines, as well as concomitant problems 
for human health and the environment (Newcomer and 
Givens, 2016; Gilbert, 2018).
In Colombia, research has been conducted on the 
epidemiology of leptospirosis in several country 
regions, where outbreaks have occurred, mainly in the 
Atlantic Coast, Urabá Antioqueño and the Eje Cafetero 
(Carreño et al., 2017). However, at the regional level, 
few studies have established the presence of the disease 
in the Department of Boyacá (Moreno et al., 2017; 
Pulido-Medellín et al., 2017). Therefore, the objective 
was to establish the prevalence and the main risk factors 
associated with the presentation of Leptospira spp. in 
cattle in the municipality of Sotaquirá, Colombia.

Materials and Methods
Geographical location
Sotaquirá is a Colombian municipality in the 
Department of Boyacá, located in central-eastern 
Colombia, in the Alto Chicamocha region, 39 km from 
the city of Tunja. The municipal area is 268.65 km2, of 
which 258.55 km2 correspond to the extension of the 
rural area, in which agricultural and livestock activities 
are developed (Alcaldía Municipal, 2019).
Sample size
The registered cattle population in Sotaquirá was 19,333 
heads of cattle (Instituto Colombiano Agropecuario, 
2019). Based on the above, a sample size of 1,000 
individuals with a sampling fraction of 5.17% was 
determined, considering an accepted error of 3.1%, 
confidence level of 95%, and expected prevalence rate 
of 50%. The following formula was used:
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where Z = confidence level; n = sample size; E = 
accepted error; p = expected value of the proportion; 
and α = tail probability.
Variables evaluated
The variables were divided into two categories: those 
related to the animal, considering the age, breed, 
sex, and reproductive events of the cattle evaluated, 
and those associated with the farm, prioritizing the 
management practices implemented on the farms that 
participated in the study.
Sample collection and processing
The samples were obtained from females and males 
of different ages belonging to the Ayrshire, Holstein, 
Jersey, Normande, Zebu, and crossbreeds unvaccinated. 
7 ml of blood was extracted by coccygeal venipuncture 
and stored in Vacutainer® tubes for subsequent 
refrigeration (4°C) and transport to the Veterinary 
Parasitology laboratory of the Universidad Pedagógica 
y Tecnológica de Colombia (Uptc). The samples were 
centrifuged (2,500 rpm/10 minutes) to obtain the serum, 
which was transferred to an Eppendorf tube for storage 
at −20°C. The samples were analyzed by microscopic 
agglutination test (MAT) (OIE, 2021). 
The selected strains were cultivated in liquid culture 
medium for leptospires at 30°C ± 2°C for 4–10 days. 
Live cultures with densities of approximately 2 × 108 
leptospires per ml were used as antigens. To standardize 
culture density, cultures may need to be adjusted to 
a concentration of 2 × 108 leptospires per ml prior to 
testing. A selection of antigens was made with a serum 
dilution of 1/50. A volume of each antigen, equal to the 
volume of the diluted serum, was added to each well to 
make a final serum dilution of 1/100 in the screening 
test. Microtiter plates were incubated at 30°C ± 2°C 
for 1.5–4 hours. Plates are examined by darkfield 
microscopy (OIE, 2021). Animals were considered 
positive when titers were ≥1:100, with a sensitivity of 
60% and a specificity of 100%.
Statistical analysis
The study was an observational, descriptive, cross-
sectional study with simple random sampling. The real 
prevalence and MAT’s predictive values were found 
with WinEpi statistical program. With the database 
consolidated and cleaned, the analyses were performed 
with the EpiInfo® statistical program. The determining 
factors were defined by calculating the prevalence 
ratio (PR). The dependent variable (Y) included the 
serological results obtained, while the independent 
variables (X) were all the determining factors established 
in the structured epidemiological survey implemented 
during sample collection; the association between the 
presentation of the disease and the variables evaluated 
was determined using Fisher’s exact test. Once these 
factors were established, a final model was constructed 
using logistic regression analysis.
Ethical approval
The study was conducted under Law 576 of 2,000 
and Law 84 of 1,989 of the Republic of Colombia. 
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Informed consent was obtained from the cattle owners 
before sample collection.

Results
The apparent prevalence (AP) of bovine leptospirosis 
was 16% (160/1,000), where 15.4% (134/869) of the 
females and 19.8% (26/131) of the males were positive 
for the disease. A true prevalence (TP) of 26.7% was 
established with a positive predictive value (PP+) of 
100% and a negative predictive value (NP−) of 87.3%. 
Concerning the breeds evaluated, the crossbreeds 
(20.5% AP; 34.2% TP) and the Normande breed 
(19.1% AP; 31.4% TP) had the highest prevalence 
of leptospirosis, while the Cebu cattle had the lowest 
prevalence (9.1% AP; 15.2% TP) (Table 1).
Regarding the age groups evaluated, individuals <1 
year old presented the lowest seropositivity (12.3% PA; 
20.5% TP), followed by cattle aged 1–2 years (16.7% 
PA; 27.8% TP), >4 years (16.8% PA; 28% TP), and 
animals aged 2–4 years (17% PA; 28.3% TP) (Table 2). 
Likewise, a seroprevalence of 5.1% (51/1,000) was 
determined for Leptospira interrogans serogroup 
Pomona; 3.4% for L. interrogans serogroup Sjroe 
serovar Hardjo (34/1,000); 3.3% for L. borgpetersenii 
serogroup Tarassovi (33/1,000); 2.5% for Bratislava 
(25/1000); 2.3% for L. grippotyphosa (23/1,000); 2% 
for L. interrogans serovar Copenhageni (20/1,000); 
and 1.6% for L. weilii serogroup Celledoni and L. 
interrogans serogroup Canicola (16/1,000) (Table 3).
No significant statistical association was found 
between the age and sex of the cattle evaluated with 
positivity to bovine leptospirosis (p ≥ 0.05). However, 
an association was established between the Holstein 

breed and the presence of the disease (p = 0.04501051). 
Likewise, this variable was identified as a possible risk 
factor for the presentation of Leptospira spp. (Table 4).
A significant statistical association was found 
between the variables: the presence of barnyard (p = 
0.00173898) and other species in the farms evaluated 
(p = 0.04350552). The barnyard was identified as a 
protective factor against leptospirosis, while other 
animal species’ presence was considered a possible risk 
factor associated with the presentation of the disease 
(Table 5).
Regarding the reproductive variables evaluated, a 
significant statistical association was found with 
artificial insemination (AI) (p = 0.02419551), the use 
of certified semen (p = 0.01156504), and abortion (p 
= 0.03828675); the first two variables were identified 
as possible protective factors associated with bovine 
leptospirosis (Table 6). 
In relation to clinical manifestations, diarrhea presented 
a significant statistical association (p = 0.00794417) 
and a possible risk factor for the presentation of the 
disease (Table 7).
Logistic regression allowed establishing that the 
only risk factor associated with bovine leptospirosis 
is the presentation of diarrhea in the cattle evaluated  
(Table 8).

Discussion
The seroprevalence of bovine leptospirosis for 
this study was lower than the 54.2% found in the 
municipality of Toca, Boyacá (Pulido-Medellín et 
al., 2017). Other studies at the national level reported 
prevalences of 41% in Montería (Córdoba) (Hurtado et 

Table 1. PA and PR of leptospirosis by breed in cattle from Sotaquirá, Boyacá.

Breed n Positive reactor cattle (%) AP (%) TP (%) PP+ (%) NP− (%)
Holstein 601 86 14.3 23.8 100 88.9
Ayrshire 11 1 9.1 15.2 100 93.3
Jersey 21 4 19.0 31.7 100 84.4
Normande 257 49 19.1 31.4 100 83.4
Cebu 22 2 9.1 15.2 100 93.3
Cross breed 88 18 20.5 34.2 100 82.8

AP: Apparent prevalence; TP: True prevalence; PP+: Positive predictive value; NP−: Negative predictive value.

Table 2. PA and PR of leptospirosis by age in cattle from Sotaquirá, Boyacá.

Age n Positive reactor cattle (%) AP (%) TP (%) PP+ (%) NP− (%)
<1 year 179 22 12.3 20.5 100 90.6

1–2 years 209 35 16.7 27.8 100 86.6
2–4 years 112 19 17.0 28.3 100 86.3
>4 years 500 84 16.8 28 100 86.5

AP: Apparent prevalence; TP: True prevalence; PP+: Positive predictive value; NP−: Negative predictive value.
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al., 2013), 6.1%–46.5% in Caquetá (Motta et al., 2014), 
and 5.82% in Pasto (Nariño) (Benavides-Romo and 
Marcillo, 2016). 
Studies conducted in South America show higher 
prevalence, such as those observed in the Department 
of Boquerón, Paraguay (45.78%) (Szwako et al., 2015) 
and in the province of Manabí, Ecuador (56.21%) 
(Ruano et al., 2020). However, this is above the values 
established in Santa Catarina (6.44%), Brazil, and the 
stables of Lima and Lima (6.44%), Peru (Fávero et al., 
2017), and in the Lima and Huancayo stables in Peru 
(14.8% and 12.3%, respectively) (Llanco et al., 2017). 
This variation in the reported prevalence may be 
due to the risk of animal infection associated with 
environmental factors such as rainfall and climate, 

management factors and farming systems such as 
co-breeding with other productive species such as 
pigs or the presence of domestic animals (canines) 
and wild animals (rodents) (Llanco et al., 2017). It 
is also important to note that the MAT test achieves 
maximum agglutination 2–3 weeks after infection so 
that seropositivity may vary depending on the time of 
sample collection (Mullan and Panwala, 2016).
Concerning the species found L. interrogans serogroup 
Pomona and L. interrogans serogroup Sjroe serovar 
Hardjo were the most prevalent in the municipality 
of Sotaquirá. Khalili et al. (2014), Szwako et al. 
(2015), Llanco et al. (2017), and Ruano et al. (2020) 
indicated that the most prevalent serovars belonging 
to the genomospecies L. interrogans were L. pomona; 

Table 3. Leptospirosis prevalence by serogroups and serovars in cattle from Sotaquirá, Boyacá.

Species Serogroup Serovar n Positive reactor cattle (%) Prevalence (%)
Leptospira interrogans Pomona - 1,000 51 5.1
Leptospira interrogans Sejroe Hardjo 1,000 34 3.4
Leptospira borgpetersenii Tarassovi - 1,000 33 3.3
Leptospira grippotyphosa - - 1,000 23 2.3
Leptospira weilii Celledoni - 1,000 16 1.6
Leptospira interrogans Canicola - 1,000 16 1.6
Leptospira interrogans - Copenhageni 1,000 20 2.0

Table 4. Analysis of race, age, and sex are possible risk factors associated with Leptospira 
spp. infections. Results are presented as PR and 95% CI.

Variable Category PR 95% CI p-value

Breed

Holstein 1.0611 1.0410–1.1302 0.04501051
Normande 1.051 0.9833–1.1233 0.07409078
Ayrshire 0.9232 0.7643–1.1151 0.45363743
Cebu 0.9223 0.8058–1.0556 0.28997236
Cross breed 1.0614 0.9513–1.1843 0.1490689
Jersey 1.0385 0.8424–1.2802 0.44007216

Age

<1 year 0.9485 0.8907–1.0100 0.08093622
1–2 years 1.0113 0.9450–1.0824 0.40591125
2–4 years 1.0131 0.9273–1.1063 0.42776743
>4 years 1.0192 0.9655–1.0759 0.27303393

Sex - 1.0552 0.9646–1.1544 0.12410112

Table 5. Analysis of management practices as possible risk factors associated with 
Leptospira spp. infections. Results are presented as PR and 95% CI.

Variable PR 95% CI p-value
Corral 0.9136 0.8582–0.9725 0.00173898
Presence of other animal species 1.1499 1.0677–1.2384 0.04350552
Pasture leasing 1.0238 0.9656–1.0855 0.23743354
Vaccination 0.8248 0.6286–1.0823 0.06018059
Rodent control 0.9261 0.8091–1.0599 0.09801244

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com
D. M. B.Castañeda et al. Open Veterinary Journal, (2022), Vol. 12(5): 668–675

L. wolffi, L. hardjo, and L. icterohaemorrhagiae in 
cattle. However, it agrees with the studies found at 
the national level, where one of the serovars with the 
highest seroprevalence was L. hardjo (Hurtado et al., 
2013; Motta et al., 2014; Moreno et al., 2017).
The presence of the different serovars of Leptospira spp. 
varies according to latitude; natural regions of a country; 
the interaction of susceptible species, reservoirs, time of 
the year in which the study is conducted or productive 
systems (Motta et al., 2014). In addition, in tropical 
and subtropical countries, climatic conditions, such 
as heat, summer rains, and low soil in some areas, are 
considered factors that favor the pathogen's presence 
and survival in the environment (Carvalho et al., 2015; 
Szwako et al., 2015).
Regarding the age of the cattle evaluated, it is important 
to highlight that cattle aged 2–4 years presented the 
highest seroprevalence; however, this does not agree 
with what was reported by  Hurtado et al. (2013), 
who found the highest seropositivity in individuals 
older than 7 years (43.2%). Likewise, no significant 
statistical association was found between the age groups 
evaluated and bovine leptospirosis, which differs from 
that reported by Ruano et al. (2020), who indicated 
that at the animal level, only age was associated with 
seropositivity to the disease (Ruano et al., 2020). The 
high prevalence of older cattle is due to the passive 
protection transmitted by the dams in the first 3–4 

months of life, which decreases with advancing age 
(Rebhum, 1999; Gómez, 2005; Álvarez et al., 2018).
The highest prevalence was found in crossbreeds 
and the Normande breed. Additionally, a significant 
statistical association was found between the 
presentation of the disease and Holstein cattle, which 
differs from that reported by Benavides-Romo and 
Marcillo-Arévalo (2016). This study shows that there 
was no relationship between leptospirosis and the 
Holstein, Jersey, Brown, and crossbreeds. This may 
occur because the different strains of Leptospira spp. 
do not have a breed predilection in the bovine species, 
so the level of seropositivity is the same for all breeds 
(Awosanya et al., 2013).  
Within the management practices evaluated in the 
farms, rodent control did not present a significant 
statistical association with the presentation of bovine 
leptospirosis. However, it is important to indicate that 
rodents are ubiquitous, difficult to eliminate without 
adequate sanitary measures, have a high reproduction 
rate; and are always in contact with feed and water 
offered to cattle, which can be easily contaminated with 
the leptospires that mice intermittently shed with urine 
(Llanco et al., 2017).
Likewise, the presence of other species within the 
herds presented an association with seropositivity to 
Leptospira spp., which indicates that the presentation 
of the disease is related to the presence of other 
animals. This is because leptospirosis can occur in 

Table 6. Analysis of reproductive variables as possible risk factors associated with 
Leptospira spp. infections. Results are presented as PR and 95% CI.

Variable PR 95% CI p-value
AI 0.9409 0.8859–0.9993 0.02419551
Natural mating 0.977 0.9770–1.0887 0.15514998
Certified semen 0.9343 0.8813–0.9903 0.01156504
Abortion 0.9512 0.8997–1.0031 0.03828675
Shared bull 1.0218 0.9509–1.0981 0.30522705

Table 7. Analysis of clinical manifestations as possible risk factors associated with 
Leptospira spp. infections. Results are presented as PR and 95% CI.

Variable PR 95% CI p-value
Vulvovaginitis 1.3165 0.8901–1.9471 0.05359036
Fever 1.0675 0.9214–1.2367 0.20968004
Diarrhea 1.0711 1.0150–1.1302 0.00794417

Table 8. Analysis of variables as possible risk factors associated with Leptospira spp. 
infections.

Variable Odds ratio SCI (95%) SIC (95%) p-value
Holstein 0.7334 0.5218 1.0308 0.0742
Diarrhea 1.4804 1.0374 2.1126 0.0306
Other species 4.2732 0.5705 2.0071 0.1575
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more than 160 domestic or wild mammalian animals, 
in addition to humans, which facilitates the circulation 
of spirochetes among the different species present in 
the same environment (Torres et al., 2018). 
In addition to the above, it has been shown that tropical 
regions have many unique aspects that affect the 
occurrence of infection, where husbandry practices 
and management factors can affect serovars' overall 
seroprevalence and distribution in the tropics (Martins 
and Lilenbaum, 2017). Therefore, the presence of 
penning on farms behaved as a protective factor 
for the pathology, as it has been shown that in dairy 
cattle, the subdivision of animals into smaller flocks 
and avoidance of co-grazing during herd management 
decreases Leptospira seropositivity (Martins et 
al., 2012; Mughini-Gras et al., 2014; Martins and 
Lilenbaum, 2017). 
A significant statistical association was established 
between seropositivity to Leptospira spp. and the 
occurrence of abortion in the cattle evaluated. It has been 
reported that the occurrence of reproductive disorders 
is significantly related to leptospirosis (p = 0.01) 
(Fávero et al., 2017). This pathology is an important 
cause of production drops associated with reproductive 
problems (Marianelli et al., 2007; de Oliveira et al., 
2018). In addition, in infected pregnant females, 
the bacterium can cross the placenta at any stage of 
pregnancy, causing embryonic losses, abortions, or 
stillbirths; in addition to this, the repetition of estrus is a 
characteristic that can be frequently observed (Menezes 
et al., 2006; de Oliveira et al., 2018; Loureiro and 
Lilenbaum, 2020). 
The statistical association found between the 
presentation of antibodies against Leptospira spp. and 
AI differs from that reported by Benavides-Romo and 
Marcillo-Arévalo (2016), who found no relationship 
with this variable. It is important to highlight that AI 
and certified semen behaved as protective factors for 
Leptospira spp. This may be due to the transmission 
of the disease occurring mainly through contact 
with urine from infected animals (Ospina-Pinto and 
Hernández, 2015). It has also been shown that bulls are 
often subclinically infected and represent an important 
infection source for females (Ellis, 2015).
Considering the above, it should be highlighted that 
leptospires could remain in the vaginal environment 
for an unknown period and form biofilms, which 
indicates a possible sexual transmission and suggest 
that it not only occurs from male to female but also 
from female to male during natural mating (Loureiro 
et al., 2017). The results also suggest that they are 
sensitive to antimicrobials commonly used to prepare 
diluted semen for AI, such as streptomycin (Givens, 
2018). This indicates that implementing reproductive 
biotechnologies and certified semen would decrease the 
chances of disease presentation in cattle.
It is necessary to indicate that the presentation of 
diarrhea behaved as a risk factor for the presentation 

of bovine leptospirosis. The presence of diarrhea does 
not represent a pathognomonic sign of any disease; 
however, it may be associated with the presence of 
other pathogens of reproductive importance. For 
instance, Olmo et al. (2019) showed that Neospora 
caninum and bovine viral diarrhea virus (BVDv) were 
more prevalent in females than males of cattle exposed 
to L. interrogans serovar Hardjo and an association 
with higher titers of BVDv was also found. 
García et al. (2020) reported a significant statistical 
association between BVDV seropositivity and 
cattle with a clinical history of diarrhea, which was 
accompanied by the presence of antibodies against 
Leptospira spp. in 16% of the sampled individuals, 
so diarrhea possibly occurs due to the presence of 
other pathogens in the herds that participated in this 
study. Finally, it has been reported that the presence of 
antibodies against Leptospira spp. could be associated 
with various factors such as contact with other animal 
species, management, biosecurity practices, presence 
of different serotypes in the same region, as well as 
climatic and environmental conditions (Higino et al., 
2013); however, in the present investigation, no other 
risk factors associated with its presentation were found.

Conclusion
A seroprevalence of 16% was found in the municipality 
of Sotaquirá, Boyacá (Colombia), with serovars L. 
interrogans serogroup Pomona and L. interrogans 
serovar Hardjo, the latter associated with the 
presentation of abortion in cattle. It is considered that 
prevention and control strategies should be established 
that include management practices, vaccination, and 
elimination of seropositive animals since this would 
favor the reduction of seroprevalence in herds and the 
consequent economic losses for producers.
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