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ABSTRACT. One of the limiting factors of productive efficiency in cattle and buffalo herds is related to the 

high prevalence of infectious diseases which affect reproduction. The aim of this study was to determine 

the prevalence of anti-Leptospira antibodies for bovine viral diarrhea virus (BVDV) and bovine herpesvirus 

type 1 (BoHV-1) in bovine and buffalo herds in Colombia. Blood serum samples were collected from 1100 

buffaloes and 1000 cattle. The ELISA technique was used to detect antibodies against BVDV and BoHV-1, 

and the microscopic agglutination technique to detect anti-Leptospira antibodies. The prevalence of anti-

Leptospira antibodies and of BVDV and BoHV-1 in bovine samples was observed in 16, 39.7, and 65% of 

animals, respectively, while the positivity in samples for the same antibodies in buffalos was detected in 

18.7, 27.5 and 51.5%, respectively. Exposure of cattle and buffaloes to BoHV-1 was positively associated 

with age, higher prevalence rates were observed in older ages. Seropositivity of cattle for BVDV and BoHV-

1 was higher in male animals. Activities such as embryo transfer, milking, and needle reuses, as well as the 

presence of cats and rodents are factors which favor positivity of the herd for BVDV and BoHV-1.  
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Introduction 

Colombia’s territory has an extension of 114 million hectares, from which approximately 39.2 million are 

used for livestock production (Jiménez, Miranda, Gantiva, & Escuela Colombiana de Ingeniería, 2008). The 

growth in the cattle production in Colombia has shown a slow and sustained pace with an average annual rate 

of 0.02% (Cervantes, Espitia, & Prieto, 2010; Mahecha, Gallego, & Peláez, 2016). 

One of the limiting aspects in the productive efficiency in cattle and buffalo herds is the high prevalence 

of infectious reproduction diseases (Alfieri & Alfieri, 2017). The most prevalent pathogens with reproductive 

impact on ruminants include Leptospira, Bovine Viral Diarrhea Virus (BVDV) and Bovine Herpesvirus Type 1 

(BoHV-1) (Buitrago Horta, Jimenez Escobar, & Zambrano Varon, 2018; Rivera, Rincón, & Echaverry, 2018; 

Vargas-Niño et al., 2018). 

Leptospirosis is a zoonotic disease caused by urine-released bacteria which can infect large ruminants 

through their skin with or without abrasions, or through the conjunctival, oral, nasopharyngeal, and genital 

mucosae (Pulido-Medellín, Díaz-Anaya, & Giraldo-Forero, 2017). They can colonize the renal tubules, 

mammary glands and the reproductive tract of animals, leading to infertility and miscarriages (Lilenbaum & 

Martins, 2014). The optimal temperature for leptospira growth is 28-30°C, which may facilitate their 

spreading in herds of regions with tropical weather (Levett, 2001). 

The etiological agent of Bovine Viral Diarrhea (BVD) is a pestivirus of the Flaviviridae family that is 

transmitted through direct contact with an infected animal (Lanyon, Hill, Reichel, & Brownlie, 2014). Females 

exposed to the virus during pregnancy may infect the fetus in the womb, resulting in reproductive loss, 

stillbirth, fetal malformations, embryonic absorption or birth of persistently infected calves (PI), which are 

the main linkage in the BVD epidemiological chain (Grooms, 2004).  

Infectious Bovine Rhinotracheitis (IBR) is caused by bovine herpesvirus type 1, with the main biological 

characteristic of establishing latent infections (Alfieri & Alfieri, 2017). This pathogen can infect animals 
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through direct or indirect contact, and is the major agent involved in the respiratory complex of young cattle 

(Slompo et al., 2017). In addition to respiratory disease, BoHV-1 infection is associated with reproductive 

disease, leading to reproductive failures, which represent the most significant losses associated with the 

presence of this pathogen (Viu, Dias, Lopes, Viu, & Ferraz, 2014).  

These diseases are not subject to official control programs in Colombia, thus hindering access to economic 

resources to implement reduction and eradication programs. The objective of this study was to determine the 

prevalence of pathogens causing Leptospirosis, BVD and IBR on farms in Colombia, and to identify risk factors 

associated with their presence. 

Material and methods 

The study was conducted in the Colombian states of Cordoba, Antioquia and Sucre (Table 1). Cattle (n = 

1000) and buffalo (n = 1100) blood serum samples were collected. Simple-random sampling was performed, 

which was calculated through WinEpiscope® 2.0 epidemiological software for veterinary medicine and 

considering the population size based on the Colombian national livestock census of 2017 (Instituto 

Colombiano Agropecuario [ICA], 2017). Farms involved in the study did not adopt vaccination programs 

against the assessed pathogens. This study was approved by the Institutional Committee for the Care and Use 

of Animals of the Corporation for Health Studies (CES), under protocol number 162 of November 17th, 2017. 

Blood was collected by puncturing the coccygeal vein using a closed system collection (Vacutainer®). 

Samples were centrifuged at room temperature for 15 min. at 2000 g and the isolate blood serum were 

transferred to 1.5 mL transport tubes and stored in a freezer at -20°C until further processing. An 

epidemiological questionnaire was applied to the owners and/or managers of the 59 selected farms with 

questions about the type of production system, management practices and nutritional supplementation to 

assess the risk factors.  

Next, commercially available ELISA kits were used following the manufacturer’s instructions (INgezim 

PESTIVIRUS Compac p80/p125 Antibody and INgezim IBR Compac Total Antibody - INGENASA©) to detect 

antibodies against BVDV and BoHV-1. The microscopic agglutination test (MAT) was performed using a 

culture of live antigens in Ellinghausen-McCullough-Johnson-Harris (EMJH) culture medium to diagnose 

serological variants of Leptospira: Autumnalis, Bataviae, Bratislava, Canicola, Celledoni, Cynoptery, 

Copennhageni, Grippotyphosa, Hardjo, Mini, Pomona, Shermani and Tarassovi. Titers were determined 

according to the standard criteria as the highest serum dilution which agglutinated at least 50% of the cells 

for each serotype tested (Blanco, Santos, Galloway, & Romero, 2016). 

Data were analyzed using SAS University Edition® statistical software (2019). The seroprevalence of each 

disease was calculated by the chi-squared test. The association of seropositive animals with management 

issues and presence of other animal species was analyzed by chi-squared (X2) and logistic regression tests. 

Values of p < 0.05 and OR > 1 were considered statistically significant. 

Table 1. Colombian locations used for collecting blood serum samples from cattle and buffaloes for serological analyses for the 

presence of antibodies against BVDV, BoHV-1 and Leptospira spp. 

State Municipality Specie No. of samples No. of farms 

Córdoba Montería Cattle 1000 8 

Córdoba Ayapel Buffalo 281 11 

Córdoba Montelíbano Buffalo 157 7 

Córdoba Buenavista Buffalo 86 5 

Córdoba Planeta Rica Buffalo 30 1 

Córdoba Pueblo Nuevo Buffalo 27 1 

Córdoba Tierralta Buffalo 25 1 

Córdoba Montería Buffalo 25 1 

Córdoba San José de Uré Buffalo 25 1 

Córdoba La Apartada Buffalo 10 1 

Antioquia Caucasia Buffalo 205 12 

Antioquia Cáceres Buffalo 99 5 

Antioquia Nechí Buffalo 30 1 

Antioquia Tarazá Buffalo 30 1 

Sucre San Marcos Buffalo 40 2 

Sucre San Benito Abad Buffalo 30 1 

Total   2100 59 
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Data were analyzed using SAS University Edition® statistical software (2019). The seroprevalence of each 

disease was calculated by the chi-squared test. The association of seropositive animals with management 

issues and presence of other animal species was analyzed by chi-squared (X2) and logistic regression tests. 

Values of p < 0.05 and OR > 1 were considered statistically significant. 

Results and discussion 

Seroprevalence of Leptospirosis was observed in 160 cows (16%) and 206 buffaloes (18.7%). In turn, 

antibodies against BVDV were found in 397 cows (39.7%) and 302 buffaloes (27.5%). For BoHV-1, 650 (65%) 

positive cattle reagents were detected, while 565 samples (51.5%) from buffaloes were positive. Significant 

differences between the two species were observed for BVD and IBR prevalence (p < 0.001) (Table 2). 

Table 2. Prevalence of antibodies against Leptospira, BVDV and BoHV-1 in cattle and buffaloes from Colombia. 

 Pathogen 

Specie BVD IBR Leptospirosis 

 Positive % Positive % Positive % 

Cattle 397 39.7a 650 65a 160 16 

Buffalo 302 27.4b 565 51.3b 206 18.7 

Different letters in each column indicate statistically significant differences (p < 0.05). 

The BVDV seroprevalence rate in cattle agrees with that reported by Vargas, Jaime, and Vera (2009), who 

ratified the virus as endemic in most Colombian bovine herds with rates between 40 and 80%. In addition, the 

present study confirmed the presence of BVDV antibodies in buffaloes from Colombian herds, unlike the 

results of Giraldo, Hoyos, García, and Abelado (2014), who did not detect seropositive buffaloes for this 

pathogen in Colombia. 

The increase in BVDV antibody titers had a potential association (p < 0.001) with the increased chance of 

those animals being seropositive for BoHV-1. This association was identified in 272 cows (27.2%) and 174 

buffaloes (15.8%). The finding suggests that animals transiently infected with BVDV could present 

immunosuppression due to the virus’ affinity for defense cells for their viral replication, thus generating 

lymphoid depletion and neutropenia and increasing the susceptibility of the host to infection by other 

pathogens which affect the reproductive system (Headley et al., 2014; Lanyon et al., 2014).  

Seroprevalence of BoHV-1 was also higher in bovine animals compared to buffaloes. Studies carried out in 

Colombia have confirmed the presence of the virus in cattle from different states, showing the enzootic 

behavior of the disease due to the latent characteristic of the pathogen in the infected animal which could be 

naturally reactivated in stress situations throughout its life (Alfieri & Alfieri, 2017; Ruiz Sáenz, Jaime, & Vera, 

2010; Vargas-Niño et al., 2018). 

The seroprevalence in buffaloes was lower compared to the previously reported 80.3% in Monteria state 

(Giraldo et al., 2014), however this result confirms the susceptibility of buffalo to BoHV-1 infection and 

therefore its role as host/reservoir of the virus (Scicluna et al., 2010). 

A positive correlation was observed in both species between the age of the animals and the seropositivity 

to BoHV-1 infection (p < 0.001). In cattle, animals younger than one year old had a prevalence of 38.7% 

(24/62), and animals between 1 and 2 years had a prevalence of 27% (65/241), while the prevalence rates in 

the age groups of 2 to 3 and over 3 years old were 81.5% (527/646) and 66.6% (34/51), respectively. Buffaloes 

younger than one year had a prevalence of 43.4% (86/198) and of 23% (56/243) for between one and two years 

of age. Furthermore, the prevalence in the age group between 2 and 3 years was 51% (74/145), while 

seropositivity in animals older than 3 years was higher, with a final prevalence of 68.4% (349/510). 

A higher prevalence in adult than in young animals has been reported (Aragaw et al., 2018; Erfani, 

Bakhshesh, Fallah, & Hashemi, 2019). Buffaloes and cattle between 2 and 3 years old represent the most active 

population of the herd from the productive and reproductive points of view. This characteristic allows greater 

possibility for natural infection due to the greater chances of sexual contact (Eiras, Diéguez, Sanjuan, Yus, & 

Arnaiz, 2009). Additionally, higher stress conditions as a consequence of production requirements provide 

immunosuppression conditions which are crucial for viral reactivation (Piedrahita, Montoya, & Pedraza, 2010). 

Regarding sex, male cattle showed higher seropositivity for BVDV (41.8%) and BoHV-1 (66.5%), suggesting 

that infected bulls represent an important source of venereal transmission. The use of antimicrobials in the 

semen freezing process for artificial insemination does not affect the potential for infection of these viruses 
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and could therefore remain active for their transmission. Other practices such as natural breeding with sires 

with latent BoHV-1 represent a major problem because the semen collected during episodes of viral 

reactivation could suffer contamination (Viu et al., 2014). 

The occurrence of leptospirosis in tropical areas of South America has endemic characteristics for the 

disease (Brasil et al., 2015). In this study, the results obtained regarding the presence of anti-Leptospira spp. 

antibodies showed positivity of 18.7% for buffalo and 16% for cattle. Higher results were described in another 

study conducted in Colombia, in which researchers reported 37.3% and 28% seroprevalence in buffalo and 

cattle, respectively, with a predominance of Gryppotyphosa serotype (Giraldo et al., 2014).  

The prevalence in this study was higher in buffalo, possibly due to the extensive management commonly 

practiced in Colombian herds, which allows the animals to have free access to lakes, wetlands and ciliary 

forests, along with the habit of buffaloes staying protected in flooded areas during the hottest hours of the 

day, thus facilitating contact with water which has been previously contaminated with urine from rats, other 

wildlife animals, or even other infected buffaloes (Calderón, Rodrígues, Máttar, & Arrieta, 2013; Giraldo et al., 

2014; Nagel et al., 2019). 

The highest percentage of reactive animals in the two species included in this study was for the Hardjo 

serovar (7.1% and 3.8% for cattle and buffalo, respectively). The presence of Canicola (5.7%), Copenhageni 

(3.7%) and Pomona (0.2%) serovars was verified in cattle, while buffaloes were reactive for 11 of the 13 

serovars analyzed, with seropositivity rates of between 0.09 and 3.8% (Table 3). 

Table 3. Serovars of Leptospira spp. in blood serum samples from cattle and buffalo with positive reaction to the MAT technique. 

Specie Sorovar Cattle % Buffaloes % 

L. interrogans Autumnalis 0 0% 37 3.4% 

 Bataviae 0 0% 5 0.4% 

 Bratislava 0 0% 31 2.8% 

 Copenhageni 37 3.7%  1 0.1% 

 Canicola 57 5.7%  35 3.2% 

 Hardjo  71 7.1%  42 3.8% 

 Pomona 2 0.2% 31 2.8% 

L. kirshneri Gryppotyphosa 0 0%  28 2.5% 

 Cynopteri 0 0%  2 0.2% 

L. borgpetersenii Mini 0 0%  1 0.1% 

 Tarassovi 0 0%  0 0% 

L. santarosai Shermani 0 0% 1 0.1% 

L. Weillii Celledoni 0 0% 0 0% 

 

Multivariate logistic regression analysis for BVDV and BoHV-1 pathogens in cattle and buffaloes is 

presented in Table 4. The presence of antibodies to BoHV-1 in both species and BVDV in cattle was 

significantly associated with the practice of not using individual needles per animal. These observations 

confirm the importance of transmitting pathogens by direct pathways and the epidemiological role played by 

materials, vehicles or contaminated equipment as potential sources of transmission (Han, Weir, Weston, 

Heur, & Gates, 2018). 

Table 4. Risk factors associated with the presence of BVDV and BoHV-1 in cattle and buffalo from Colombia analyzed by logistic 

regression. 

Specie Predictors Odds Ratio 95% CI P-value 

BVDV 

Cattle Reuse of needles  3.07 1.20 - 7.85 0.01 

Buffalo 

Presence of rodents 2.04 1.36 - 3.05 0.0005 

Clinical history of diarrhea 2.42 1.50 - 3.93 0.0003 

Use of embryo transfer technique 6.76 2.74 - 16.68 <0.001 

Presence of cats 3.04 1.4 – 6.2 0.0026 

Milking 1.87 1.22 – 2.85 0.0038 

BoHV-1 

Cattle 
Presence of rodents 1.92 1.01 - 3.62 0.04 

Reuse of needles 4.03 1.20  - 13.55 0.02 

Buffalo 

Reuse of needles  1.40 1.02 – 1.92 0.03 

Clinical history of diarrhea 2.06 1.40 – 3.02 0.0002 

History of breathing problems  1.5 1.05 – 2.33 0.02 
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The clinical history of diarrhea in buffaloes was correlated with positivity for BVDV and BoHV-1. In 

addition to the wide variety of respiratory and reproductive clinical manifestations, these pathogens can 

generate diarrhea during the acute stage of the disease, which predisposes the animals to debilitating 

secondary infections (Takiuchi, Alfieri, & Alfieri, 2001). Diarrhea may additionally represent an important 

source of environmental contamination for this pathogen, as the presence of active viral particles in feces 

from BoHV-1-positive buffaloes has been proven (Scicluna et al., 2010).  

This study also correlated the history of respiratory problems with the presence of BoHV-1 in buffaloes 

(p < 0.05). The virus can trigger changes associated with breathing problems with symptoms such as coughing 

and nasal discharge which are a source of direct contamination for other animals. Along with other viral and 

bacterial pathogens, the BoHV-1 is also recognized for its contribution to developing Bovine Respiratory 

Disease (BRD) due to the adverse effects they produce on the respiratory tissues (Moore, O’Dea, Perkins, & 

O’Hara, 2015).  

The presence of rodents was associated with BoHV-1 infection in cattle and BVDV in buffaloes (p < 0.05). 

Rahpaya et al. (2018) first identified BVDV in rodent fecal matter, revealing the importance of this species as 

a vector and reservoir of the pathogen for other productive species. The existence of a new viral species of the 

pestivirus genus was also recently proposed, denominated the rat pestivirus, which shares common genomic 

organization and protein homology with other species identified in ruminants such as BVDV-1 and -2 and the 

etiological agent of the border disease. However, the hypothesis of a probable association of the diseases in 

relation to the virus sequence, as well as identification of hosts and their consequence in animals need further 

confirmation (Smith et al., 2017).  

The presence of cats was identified as a significant risk factor for BVDV in buffalo (p < 0.0026). Cats could be 

involved in spreading the disease due to their high intensity of contact with other infected animals, dynamically 

participating in distributing the pathogen in the herd (Nelson, Duprau, Wolff, & Evermann, 2016). This observed 

association could be indirect, since farm cats are used as a biological control method for rodents. 

The implementation of biotechnological techniques may be a source of transmission for BVDV. It was 

observed that buffaloes are more likely to be seropositive for BVDV by using the embryo transfer technique 

(p < 0.0001). Previous studies suggest that embryos produced in vitro from oocytes infected with BVDV-1 and 

-2 can develop normally and maintain latent virus until their transfer to recipient animals (Pinto et al., 2017). 

The use of potentially contaminated biological materials, such as fetal bovine serum used during embryo 

production and transfer practices should be analyzed to determine the true association between seropositivity 

and the application of this biotechnological technique (Dezengrini, Weiblen, & Flores, 2006). 

This study identified milking practice as a factor associated with positive BVDV status in buffaloes (p < 

0.0038). This finding was also verified in dairy products from Switzerland, having a higher risk of infection in 

relation to beef or mixed production systems, probably being related to higher contact with people and the 

increased traffic on dairy farms (inseminator, equipment, processing facilities, milk collection trucks, food 

suppliers, veterinarians, etc) (Presi, Struchen, Knight-Jones, Scholl, & Heim, 2011).  

A study conducted in Italy founded that BVDV predominates on dairy farms due to the implemented 

productive system mainly being based on the internal breeding of its own offspring, thus representing an ideal 

habitat for persistent and self-perpetuating virus infection (Iotti et al., 2019).  

There were no identified risk factors significantly associated to the presence of leptospirosis, although it 

has been previously reported that its prevalence could be associated to diverse factors such as contact with 

other animal species, management, presence of different existing serotypes in the same region, as well as 

climatic and environmental conditions (Higino et al., 2013). 

Conclusion 

In conclusion, the three pathogens included in this study are widespread in cattle and buffalo herds from 

Colombia. The highest prevalence in both species was for BoHV-1 (65% and 51.5%), followed by BVDV (39.7% 

and 27.5%) and Leptospira spp. (16% and 18.7%), with there also being a higher likelihood of infection by 

BoHV-1 when animals were further infected with BVDV.  

The presence of antibodies against BVDV in buffaloes from Colombia is reported herein for the first time, 

as well as the risk factors associated to the presence of BVDV, BoHV-1 and leptospirosis in Colombian buffalo 

herds, thus demonstrating the susceptibility of this species and their role in the epidemiological dynamic of 

these diseases.  
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Adult animals were the most affected by the BoHV-1 and BVDV viruses. The risk factor analysis determined 

that routine management activities such as embryo transfer, milking, and reusing needles are practices which 

favor spreading reproductive diseases; in addition, the presence of cats and rodents was closely related to 

BVDV and BoHV-1 positivity in cattle and buffaloes. 
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