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Abstract
The aim of the present study was to determine the association between serological status and the causes 
of abortion related to bacterial and protozoan infections in three livestock farms with low reproductive 
performance in Corrientes province, Argentina. During 2020-2021, preputial scraping of bulls, pregnancy 
diagnosis by transrectal ultrasound in cows, and collection of aborted fetuses were performed. Blood 
samples from pregnant, non-pregnant and aborted cows were analyzed for Leptospira spp., Neospora 
caninum and Brucella abortus antibodies. In addition, cervicovaginal mucus (CVM) samples were collected 
from aborted cows for culture. Five percent of the bulls were positive for Tritrichomonas foetus and 7% 
for Campylobacter fetus (locality 1). Among 546 sera analysed, 1.8% (10/546; 95% CI 1-3) were positive 
for Leptospira spp., showing a significant association between high seroprevalence and non-pregnant 
females (p = 0.0174). For N. caninum, the seroprevalence was 49.1% (268/546 95% CI 45-54), showing a 
statistically significant association between seropositivity and pregnant females (p = 0.0151). Of 14 aborted 
females monitored, 42.8% became seropositive to N. caninum, suggesting horizontal transmission, a finding 
of notable importance. All animals were seronegative for B. abortus. Furthermore, T. foetus (3/61) and 
C. fetus (3/61) were isolated from 9.8% (6/61) of CVM samples, and infectious agents were identified as 
the cause of abortion in 42.9% (3/7) of the fetuses. This study provides insight into infectious causes of 
reproductive losses in extensive cattle herds in the Argentine Mesopotamia, highlighting the importance 
of venereal disease in bulls and the need for sampling of aborted cows and fetuses to identify causes of 
reproductive failure.
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Pérdidas reproductivas asociadas a infecciones bacterianas y 
protozoarias en rodeos bovinos de la provincia de Corrientes

Resumen. El objetivo del presente estudio fue determinar la asociación entre el estado serológico y las 
causas de abortos relacionadas a infecciones bacterianas y protozoarias en tres establecimientos ganaderos 
con bajo desempeño reproductivo en la provincia de Corrientes, Argentina. Durante 2020-2021, se realizó 
raspado prepucial de toros, diagnóstico de gestación por ecografía transrectal en vacas y recolección de 
fetos. Se tomaron muestras de sangre de vacas gestantes, no gestantes y abortadas para el diagnóstico 
serológico de Leptospira spp., Neospora caninum y Brucella abortus. Además, se tomó una muestra de 
moco cervicovaginal (CVM) para cultivo en vacas abortadas. En el 5% de los toros fueron positivos para 
Tritrichomonas foetus y en el 7% para Campylobacter fetus (localidad 1). En el 1,8% (10/546; IC95% 1-3) 
de 546 sueros analizados fueron positivos para Leptospira spp., observándose una asociación positiva entre 
la alta seroprevalencia y las hembras no gestantes (p = 0,0174). Además, para N. caninum, la seroprevalencia 
fue del 49,1% (268/546 IC95% 45-54), mostrando una asociación estadísticamente significativa entre 
la serología positiva a N. caninum y las hembras preñadas (p = 0,0151). De 14 hembras abortadas en 
el seguimiento, el 42,8% se volvió seropositiva a N. caninum, lo que podría indicar una infección por 
transmisión horizontal, siendo este hallazgo de gran importancia. Todos los animales fueron seronegativos 
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para B. abortus. Además, T. foetus (3/61) y C. fetus (3/61) se aislaron en el 9,8% (6/61) del CVM. Solo en 
el 42,9% (3/7) de los fetos, como agentes infecciosos se identificaron como causa del aborto. El presente 
estudio muestra información sobre la causa infecciosa de pérdidas reproductivas en rebaños extensivos 
de la Mesopotamia argentina, confirmando además la importancia de la enfermedad venérea en toros y el 
muestreo de vacas y fetos abortados para identificar la causa de la pérdida.

Palabras clave: aborto, pérdidas reproductivas, bovino, mucus cervicovaginal.

INTRODUCTION

Reproductive diseases cause infertility and abortions in 
cattle, causing significant economic losses that frequently go 
unnoticed (Reichel et al. 2018, Baumgartner 2021). Various 
causes may influence the viability of the fetus, and therefore, 
sporadic and epidemic abortions frequently occur without 
previous clinical signs (Seid et al. 2021). Once fetal death 
has occurred, the fetus can be expelled or remain retained 
in the uterus, suffering autolysis, which makes it difficult to 
identify lesions and infectious agents (Reichel et al. 2018, 
Baumgartner 2021, Hecker et al. 2023). 

Both infectious and non-infectious causes can be 
associated with these losses. Previous studies have shown 
that Neospora caninum infection is a major risk factor 
for reproductive losses in farmed cattle and is widely 
distributed (Moore et al. 2002). As for abortions caused 
by bacteria such as Leptospira spp., Campylobacter spp. 
and Brucella spp. are usually overlooked due to the lack 
of practical. These agents are implicated in cattle abortion 
during mid- to late-gestation posing zoonotic risks and 
economic loss. 

These agents are known to be transmitted primarily 
through fecal–oral route, intrauterine, sexual or direct 
contact with infected material, resulting in neonatal death, 
abortion, urogenital system infections, and low productivity 
in ruminants (Givens and Marley 2008). The aim of the 
present study was to determine the association between 
serological status and the causes of abortion related to 
bacterial and protozoan infections in three livestock farms 
with low reproductive performance in the province of 
Corrientes, Argentina.

MATERIAL AND METHODS
	
Bull analysis. During the period between 2020 and 

2021, extensive Braford cattle herds (n = 3) located in the 
province of Corrientes, Argentina, showing pregnancy 
rates of around 75%, were monitored.

Three consecutive preputial scraping samples 
(PS) were collected from 1,053 bulls at 10-day intervals 
(livestock farms 1: 57 bulls (3%); livestock farms 2: 
37 bulls (2%); livestock farms 3: 959 bulls (6%). The 
preputial area was trichotomized prior to sampling. Two 
scrapers were inserted into the preputial orifice, and thirty 
scraping movements were performed. The material was 
then placed into specific culture media for the detection of 
Tritrichomonas foetus by culture (Diamond 1983) and PCR 
(Felleisen 1997), and C. fetus by direct immunofluorescence 
(DIF) in 1% formol solution (Cipolla et al. 1994). Blood 
was also collected for B. abortus control.

Tracking pregnant, non-pregnant and aborted 
cows. Pregnant cows n = 375 were randomly selected 
(control group), which underwent 1 quarterly ultrasound 
and were bled once (time 0). Non-pregnant n:110 were bled 
once (time 0), and aborted females (fetuses were not found) 
n:61 had blood and cervicovaginal mucus (CVM) drawn 
between 7 and 30 days post-abortion. Cervico-vaginal 
mucus collection was performed using a Casso pipette, 
placing the mucus in specific transport media (AMIES) (4 
°C, Diamond 37 °C, Cary-Blair 4 °C). The samples were 
preserved and analyzed in the laboratory within 24 hours 
after collection. From the aborted cows, 14 were from 
the control group flock, the remaining 47 belonged to the 
general herd and were not bled at time 0. 

Blood samples will be used to determine the 
seroprevalence of Leptospira spp. with 1: 200 cut-off titer 
by microagglutination test-MAT (International Office of 
Epizootics [OIE], 2008), N. caninum with 1: 100 cut-off 
titer by indirect fluorescent antibody technique (IFAT) as 
previously described (Hecker et al. 2019) and B. abortus by 
buffer plate antigen test (BPA) and fluorescence polarisation 
assay (Nicola et al. 2019). Bacteriological culture (Holt et 
al. 1994) and diagnosis of T. foetus by culture (Diamond 
1983) and PCR (Felleisen 1997) were performed on the 
CVM. For bacteriological culture, culture media were used 
plates with McConkey agar (MC, aerobiosis), Columbia 
blood agar with 7% bovine blood (ASC, in an atmosphere 
with 10% CO2), and Skirrow agar with 7% defibrinated 
equine blood (ASK, in an atmosphere created with gas 
tubes with 5% O2, 5-10% CO2 and 85-90% H2), incubating 
for 1, 2 and 7 days respectively, in an oven at 37 °C.

Necropsy and sampling of aborted fetuses. Aborted 
fetuses belonging to the general herd were analyzed by 
necropsy, using standard gross pathology procedures 
(Campero et al. 2003). Sterile samples of lung, spleen and 
abomasal content samples were collected to determine 
the presence of aerobic and microaerophilic bacteria by 
bacteriological culture (Holt et al. 1994). Fetal cavity fluids 
were collected and stored at −20 ºC until assessment of 
antibodies to N. caninum by IFAT. Additionally, fetal tissue 
samples (central neural system -CNS-, heart, lung, liver, 
tongue, forelimb and hind limb muscles) were fixed in 10% 
neutral buffered formalin for histopathological analysis as 
was previously described (Campero et al. 2003).

Established criteria for etiological diagnosis in 
fetuses. A diagnosis of congenital infection was made when 
isolation and/or IFAT results were positive. Furthermore, the 
cause of abortion was confirmed according to the following 
criteria: (i) presence of compatible histopathological 
lesions (ii) no other infectious agents diagnosed. Finally, a 
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diagnosis was considered indeterminate when no causative 
agent could be detected by any of the laboratory tests.

Statistical analysis. Statistically significant differences 
in seroprevalence of Leptospira spp., B. abortus and N. 
caninum were determined. The chi-square test was used in 
order to evaluate possible associations. Descriptive analysis 
and expression of results were carried out based on total 
numbers and percentages of diagnosed cases. All statistical 
analyses were performed using the InfoStat app (Di Rienzo 
et al. 2020). A significance level of p˂0.05 was used.

RESULTS

After PS, 8.8% (5/57) of locality 1 of bulls were 
positive for T. foetus and 12.3% (7/57) of locality 1 for 
C. fetus. The rest of the localities did not present positive 
bulls. Of the 546 sera analyzed by MAT, 1.8% (10/546 CI95% 
1-3) were positive for the Canicola, Pomona and Hardjo 

serovars. Of this total, 40% (4/10) were pregnant [Canicola 
(1/ 200), Pomona (1/400) and Hardjo (1/800) serovars], 
60% (6/10) were non pregnant [serovars Canicola (1/400) 
and Hardjo (1/800) present] and the remaining 10% 
(1/10) were aborted (serovar Canicola 1/200 present). An 
association was found between the greater probability that 
non pregnant females have positive serology for Leptospira 
spp. in relation to pregnant females (p = 0.0174). However, 
no association was found with aborted females (p>0.05).

For N. caninum, a seroprevalence of 49.1% (268/546 
CI95% 45-54) was found. Of this total, 71.6% (192/268) 
were pregnant females, 20.5% (55/268) were non-pregnant 
females, and 7.8% (21/268) were females that had aborted. 
A statistically significant association was found between 
positive serology and pregnant females (p = 0.0151). In 
contrast, an increase in N. caninum seropositivity of 42.8% 
(6/14) was observed in females that aborted (Table 1). No 
positive serology was found for B. abortus.

Table 1. Summary of serological and cervicovaginal mucus (CVM) bacteriological culture from pregnant females that 
aborted. The first and second serological results correspond to the sampling performed during pregnancy and after 
abortion, respectively. All animals belonged to the monitored (control) herd.

Aborted 
females

Leptospira spp. Brucella 
abortus Neospora caninum T. foetus 

culture
Bacteriological 

culture
1st 

serol
2nd

serol
1st 

serol
2nd 
serol

1st
serol

2nd
serol

1 - - - - Positive Positive - C. fetus
2 - - - - - Positive Positive -
3 - - - - - - Positive -
4 - - - - Positive Positive - -
5 - - - - - - - -
6 - - - - - - - -
7 - - - - - Positive - -
8 - - - - - - - -
9 - - - - Positive Positive - -
10 - - - - - Positive - -
11 - - - - - Positive - C. fetus
12 - - - - - Positive - -
13 - - - - - Positive - -
14 - - - - - Positive - -

Abbreviations: T. foetus: Tritrichomonas foetus, C. fetus: Campylobacter fetus; -: Negative. serol: Serology

For venereal agents, 5.9% (3/61) for T. foetus (3/61) 
and 5.9% (3/61) for C. fetus were isolated and identified in 
CVM. The abortions of the control herd occurred mainly 
during the second trimester of gestation (Figure 1). When 
analysis was performed in the total aborted females (61) 
and seven fetuses (between 6 and 9 months) they were 
observed that abortions were distributed mainly in the 
third trimester of gestation (Figure 1). According to the 
established criteria in fetus, 42.9% (3/7) of the total losses 
were categorized as caused by infectious agents, being 2 
caused by bacterial agents and 1 by N. caninum. In the 
fetuses analyzed, in those cases where the presence of 
the infectious agent was detected through the diagnostic 
techniques applied, histopathological lesions compatible 

with the infection caused by that agent were also observed. 
In the remaining 57.1% (4/7), the cause of death could not 
be established. Of the total number of fetuses analyzed, 
2/7 presented antibodies against N. caninum, but in one 
of these two, no histological lesions compatible with 
the agent were observed, so their findings were rejected. 
In three of the four fetuses in which the agent was not 
identified, no histopathological lesions compatible with 
infectious processes were observed. In the remaining case, 
histological lesions suggestive of the involvement of an 
infectious agent in the etiology of abortion were identified. 
Regarding the distribution of abortions (Figure 1) in the first 
trimester, aborted females and fetuses were not observed.
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Figure 1. Proportion (%) of aborted females (AF) presented during the 2020 and 2021 period, based on their total (28 and 
33 respectively, including females from the control flock) and distribution of abortions in the follow-up flock (14-control 
aborted females) and fetuses found (7) according to the trimester of gestation.

DISCUSSION

Even though the area contains around 25% of the 
cows of Argentina, the soil characteristics and grazing 
systems result in a low density and extensive cattle 
production. This means that the livestock grasses in 
high extension paddocks are under minimal supervision, 
making the diagnosis of reproductive losses challenging. 
In the present study, the diagnosis of reproductive diseases 
was performed in bulls, cows, and fetal samples to prove 
them to be a feasible alternative for diagnosis. This study’s 
results establish the importance of bacterial and protozoal 
causes for reproductive losses in the bovine production 
systems of Corrientes in Argentina. 

Regarding viral agents, they were not evaluated in 
the present study; however, indeterminate losses could 
have been associated with these agents. Also, although 
fetal histopathology can be valuable for identifying 
specific infectious agents, the main objective of this study 
was to highlight the relationship between serology and 
microbiological findings under the specific conditions of 
livestock production in northeastern Argentina. Under 
the local extensive production systems, where paddocks 
may have hundreds of hectares and livestock coexist with 
wildlife, the recovery of aborted fetuses is incidental and 
cannot be consistently relied upon for diagnosis. Given these 
constraints, the present study proposes diagnostic approaches 
compatible with this production system’s realities.

Serological analysis determined the presence of 
antibodies against Leptospira spp. being significantly 
higher (p<0.05) in non-pregnant females compared to 
pregnant females. The serovars and titers found could 
be consistent with vaccinations or even with previous 
infections, making it impossible to determine the origin of 
these antibodies with the technique used (MAT) (Mummah 
et al. 2024). It should be noted that 80% of the seropositive 
cattle had antibodies against 2 serovars present in 
commercial vaccines. The remaining 20% of seropositive 
cattle presented antibody for the serovar Hardjo, and 
although cattle could be the reservoir of this serovar, it 
may also cause disease, and those titers found could be 

considered significant enough for acute disease (Wilson 
Welder et al. 2021). Although high serology may indicate 
acute infection, certain levels, such as those observed in 
this case, could not be representative to indicate infection, 
requiring a paired sampling, showing the limitation of this 
technique.

For N. caninum, a high seroprevalence was found 
in this study in coincidence with previous reports in both 
cattle (Moore et al. 2014) and buffaloes (Konrad et al. 
2013). In this case, the seroprevalence in pregnant females 
was higher than in aborted females, but no statistically 
significant difference was found. Camillo et al. (2010) and 
Pulido-Medellín et al. (2016) indicated that the vertical 
transmission route is the most frequent; in the present 
work, this transmission route was not evaluated. However, 
42.8% of the aborted females changed their serological 
status during pregnancy, which may indicate horizontal 
transmission. However, it could be possible that during the 
first sampling the titers were lower than the cut-off value 
used in this test (1/100) due to the antibody fluctuations 
during gestation. Additionally, further studies, such as 
rNcGRA7- and rNcSAG4-based ELISAs, should be 
performed to discard persistent infected animals, whose 
titters could be low (Caspe et al. 2012, Guido et al. 2016, 
Fereig et al. 2021). According to Guarino et al. (2000) older 
animals are more likely to have been exposed to oocysts 
at least once during their lifespan compared to younger 
animals.

In 6 aborted females, 12 bulls and 3 fetuses, the agents 
were identified as responsible for some of the observed 
losses by culture of CVM, PS and fetal analysis. In 6 
aborted females, 12 bulls and 3 fetuses whose agents were 
identified by culture of CVM, PS and fetal analysis, these 
would have been responsible for some of the observed 
losses. Despite finding concomitant antibodies against 
other infectious agents and based on the aforementioned 
criteria, it was determined that these antibodies could 
possibly be due to the response of an immunocompetent 
fetus and not to the cause of death. 

According to Truyers et al. (2014), abortions by 
C. fetus and T. foetus can occur at any time but are most 
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frequently detected between 4 and 6 months of gestation. 
This could be the case of the remaining 55 aborted females, 
where the cause could not be established, but some of 
them shared herd with females with positive diagnosis. 
However, there is also a possibility that those cases not 
having reached the diagnosis in these 55 cases, losses, 
since they could be associated with other infectious or 
non-infectious causes, which, with mucus culture alone, 
cannot be established, were not included in the study. In 
this sense, some authors indicated that traditional diagnosis 
methods based on culture and serology can be relatively 
low sensitive, depending on several factors that can affect 
the diagnosis such as the quality of the sample and the 
period elapsed since the sampling and the arriving to the 
laboratory (Wheelhouse et al. 2012, Kalogianni et al. 2021, 
Garcia et al. 2022, Zhou et al. 2022). When the CVM of 
aborted cows was analyzed, venereal agents were found 
responsible for some losses. However, analyzing aborted 
fetuses, the existence of other diseases within the herds 
was confirmed, settling the importance of concomitant fetal 
analysis.

The finding in this study of females possibly infected 
by horizontal transmission by N. caninum opens the debate 
as to whether transmission in these farms could be greater 
than vertical transmission, and the need to evaluate the 
reason why seroprevalence is higher in north-western 
Argentina than in other areas of the country.

The present study confirms the importance of the 
analysis of pre-service bulls, as well as the study of aborted 
cows and fetuses, to detect the cause of loss. 

CONCLUSION

In conclusion, regarding the extensive production 
systems of northeastern Argentina, where recovery of 
aborted fetuses is uncommon, serology and bacteriological 
sampling represent practical diagnostic approaches. The 
findings of this study contribute improve the limited current 
knowledge of reproductive losses in the Mesopotamian 
region and provide a basis for future studies, which may 
address a broad spectrum of agents such as viral pathogens 
and the potential horizontal transmission of Neospora 
caninum in the context of wildlife–cattle interactions.

Acknowledgments. This study was funded by 
Instituto Nacional de Tecnología Agropecuaria (INTA) 
grant: Structural Project 2023-PE-L01-I050.

Statement of animal rights. The experimental 
procedures were performed in compliance with the Comité 
Institucional para el Cuidado y Uso de Animales de 
Experimentación (CICUAE, INTA-, Argentina): Aval.

Authorship contribution statement. DRP: 
Investigation, methodology, formal analysis, writing 
– original draft, writing – review and editing. SJM: 
Investigation, funding acquisition, writing – original draft, 
writing – review and editing. MV: Data curation Prepared 
the samples, writing – original draft. BD: Investigation, 
writing – original draft, writing – review and editing. CSG: 
Formal analysis, writing – original draft, writing – review 
and editing

Declaration of competing interest. The authors 
declare that they have no conflict of interest.

Data availability. Data will be made available on 
request.

ORCID

Della Rosa, P.  https://orcid.org/0009-0006-7828-6442
Sala, J.M.  https://orcid.org/0009-0006-5800-476X 
Bentez, D.  https://orcid.org/0000-0002-3379-4332 
Caspe, S.G.  https://orcid.org/0000-0001-5631-3557 

REFERENCE

1.	 Baumgartner W. Fetal disease and abortion: diagnosis 
and causes. Bovine reproduction. 2021; 665-716.

2.	 Camillo G, Cadore G, Cezar AS, Toscan G. Anticorpos 
anti- Neospora caninum em bovinos de leite do 
sudoeste do estado do Paraná. Arq. Bras. Med. Vet. 
Zootec. 2010, 62: 1511-1513. 

3.	 Campero CM, Moore DP, Odeon AC, Cipolla 
AL, Odriozola E. Aetiology of bovine abortion in 
Argentina. Vet. Res. Commun. 2003; 27: 359-369. 

4.	 Caspe SG, Moore DP, Leunda MR, Cano DB, 
Lischinsky L, Regidor-Cerrillo J, Álvarez-García G, 
Echaide IG, Bacigalupe D, Ortega Mora LM, Odeón 
AC, Campero CM. The Neospora caninum-Spain 
7 isolate induces placental damage, fetal death and 
abortion in cattle when inoculated in early gestation. 
Vet Parasitol. 2012; 189(2-4): 171-81. 

5.	 Cipolla AL, Casaro AP, Terzolo HR, Estela ES, Brooks 
BW, García MM. Persistence of Campylobacter fetus 
subspecies venerealis in experimentally infected 
heifers. Vet. Rec. 1994; 134: 628. 

6.	 Di Rienzo JA, Casanoves F, Balzarini MG, Gonzalez 
L, Tablada M, Robledo YC. InfoStat versión 2020. 
[Software Estadístico] Grupo InfoStat, FCA, 2020. 
Universidad Nacional de Córdoba, Argentina. https://
www.infostat.com.ar/index.php

7.	 Diamond LS. Lumen-dwelling protozoa: entamoeba, 
trichomonads and giarda. In vitro cultivation of 
Protozoan Parasites. In: Jensen J.B. (ed), CRC Press, 
Boca Raton, Florida. 1983; 89-98. 

8.	 Felleisen RSJ. Comparative sequence analysis of 5.8S 
rRNA genes and internal transcribed spacer (ITS) 
regions of trichomonadid protozoa. Parasitology. 
1997; 115: 111-119. 

9.	 Fereig RM, Abdelbaky HH, Nishikawa Y. Comparative 
evaluation of four potent Neospora caninum 
diagnostic antigens using immunochromatographic 
assay for detection of specific antibody in cattle. 
Microorganisms. 2021; 9(10): 2133.

10.	 Garcia K, Weakley M, Do T, Mir S. Current and future 
molecular diagnostics of tick-borne diseases in cattle. 
Vet. Sci. 2022; 9(5): 241.

11.	 Givens MD, Marley MS. Infectious causes of 
embryonic and fetal mortality. Theriogenology. 2008; 
70(3): 270-285. 

https://orcid.org/0009-0006-7828-6442
https://orcid.org/0009-0006-5800-476X
https://orcid.org/0000-0002-3379-4332
https://orcid.org/0000-0001-5631-3557
https://www.infostat.com.ar/index.php
https://www.infostat.com.ar/index.php


6                                                                                                           Della Rosa, P. et al.: Reproductive losses in cattle. Rev. vet. 2026; 37(1): 1-6

12.	 Guarino A, Fusco G, Savini G, Di Francesco G, 
Cringoli G. Neosporosis in water buffalo (Bubalus 
bubalis) in southern Italy. Vet. Parasitol. 2000; 91: 15-
21.

13.	 Guido S, Katzer F, Nanjiani I, Milne E, Innes EA. 
Serology based diagnostics for the control of bovine 
neosporosis. Trends Parasitol. 2016; 32: 131-143. 

14.	 Hecker YP, Regidor Cerrillo J, Fiorani F, Horcajo 
P, Soria I, Gual I, Torioni S, Campero LM, Echaide 
IE, Álvarez García G, Ortega Mora LM, Zamorano 
PI, Venturini MC, Odeón AC, Cantón GJ, Moore 
DP. Immune response to Neospora caninum live 
tachyzoites in prepubertal female calves. Parasitol. 
Res. 2019; 118(10): 2945-2955. 

15.	 Hecker YP, González Ortega S, Cano S, Ortega LM, 
Horcajo P. Bovine infectious abortion: a systematic 
review and meta-analysis. Front. Vet. Sci. 2023; 10: 
1249410. 

16.	 Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams 
ST. Bergey’s Manual of Determinative Bacteriology. 
9° ed. Microbiology. Williams & Wilkins. 1994, p. 
602-606. 

17.	 International Office of Epizootics [OIE]. Manual of 
diagnostic tests and vaccines for terrestrial animals 
(mammals, birds and bees). Vol 2. 6ª ed., OIE, Paris, 
2008. p 599-1342. 

18.	 Kalogianni AI, Stavropoulos I, Chaintoutis SC, Bossis 
I, Gelasakis AI. Serological, molecular and culture-
based diagnosis of lentiviral infections in small 
ruminants. Viruses. 2021; 13(9): 1711.

19.	 Konrad JL, Campero LM, Caspe GS, Brihuega B, 
Draghi G, Moore DP, Crudeli GA, Venturini MC, 
Campero CM. Detection of antibodies against Brucella 
abortus, Leptospira spp., and Apicomplexa protozoa 
in water buffaloes in the Northeast of Argentina. Trop. 
Anim. Health Prod. 2013; 45: 1751-1756. 

20.	 Moore DP, Campero CM, Odeón AC, Posso MA, 
Cano D, Leunda MR, Basso W, Venturini MC, Späth 
E, Seroepidemiology of beef and dairy herds and 
fetal study of Neospora caninum in Argentina. Vet. 
Parasitol. 2002. 107(4): 303-316.

21.	 Moore DP, Konrad JL, San Martino S, Reichel MP, 
Cano DB, Méndez S, Späth EJ, Odeón AC, Crudeli 
G, Campero CM. Neospora caninum serostatus is 
affected by age and species variables in cohabiting 
water buffaloes and beef cattle. Vet. Parasitol. 2014; 
203(3-4): 259-263. 

22.	 Mummah RO, Gomez AC, Guglielmino AH, 
Borremans B, Galloway RL, Prager KC, Lloyd Smith 
JO. Navigating cross-reactivity and host species effects 
in a serological assay: A case study of the microscopic 
agglutination test for Leptospira serology. PLoS Negl. 
Trop. Dis. 2024; 18(10): e0012042.

23.	 Nicola AM, Elena S, Franco C. Brucelosis (B. 
abortus, B. melitensis, B. suis) Manual de diagnóstico 
serológico. SENASA. 2019, 12-37. 

24.	 Pulido Medellín MO, Garcia Corredor DJ, Vargas 
Abella JC. Seroprevalence of Neospora caninum in a 
dairy herd in boyacá, Colombia. Rev. Invest. Vet. Perú. 
2016; 27(2): 355-362. 

25.	 Reichel MP, Wahl LC, Hill FI. Review of Diagnostic 
Procedures and Approaches to Infectious Causes of 
Reproductive Failures of Cattle in Australia and New 
Zealand. Front. Vet. Sci. 2018; 5:222.

26.	 Seid U, Mohammed C, Ahmednur M, Weyzi J. Genetic 
disorders that cause stillbirth and abortion in cattle. 
Original Research Paper. 2021; 5(6): 3-8.

27.	 Truyers I, Luke T, Wilson D, Sargison N. Diagnosis 
and management of venereal campylobacteriosis in 
beef cattle. BMC Vet. Res. 2014; 10: 280. 

28.	 Wheelhouse N, Howie F, Gidlow J, Greub G, Dagleish 
M, Longbottom D. Involvement of Parachlamydia 
in bovine abortions in Scotland. Vet. J. 2012; 193(2): 
586-588. 

29.	 Wilson Welder JH, Alt DP, Nally JE, Olsen SC. Bovine 
immune response to vaccination and infection with 
Leptospira borgpetersenii serovar Hardjo. Msphere. 
2021; 6(2): 1110-1128.

30.	 Zhou J, Chen J, Peng Y, Xie Y, Xiao Y. A promising tool 
in serological diagnosis: Current research progress of 
antigenic epitopes in infectious diseases. Pathogens. 
2022; 11(10): 1095.


