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ABSTRACT. Mexican goat production systems face infection risks from Brucella melitensis, small ruminant lentivirus 
(SRLv) and Mycobacterium avium subsp. paratuberculosis (MAP); agents that cause great economic losses and directly affect 
public health (brucellosis and paratuberculosis [PTb]). Currently, there are no diagnostic tests applicable at large scale 
nor epidemiological information regarding the seroprevalence for these infectious diseases. For this study, a multiplex 
antibody assay (Luminex®) was used to retrospectively study the seroprevalence of brucellosis, SRLv, and PTb in the 
sera of 983 goats from nine Mexican states. Sera were obtained between 2014 and 2019. Antibodies against all three 
infectious diseases were detected in almost all tested samples. The estimated seroprevalence values ranged from 37% to 
78% for brucellosis, 21% to 65% for SRLv, and 0% to 13% for PTb. The multiplex assay (Luminex®) is a simple, accessible, 
efficient, and cost-effective seroprevalence monitoring tool for brucellosis, SRLv, and PTb, and can be used as a large-
scale approach. 
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INTRODUCTION

Goat production in Mexico is traditionally carried 
out in economically poor regions, particularly arid and 
semi-arid regions. This activity represents one of the 
main sources of income for the population in these re-
gions (Secretaría de Agricultura y Desarrollo Rural, 2016). 
The majority of goat herds are destined for self-suste-
nance and are characterized by low levels of technology 
implementation. For example, there is a lack of health 
records, grouping according to age or production stage, 
and it is common practice to keep them in shared com-
munal pasturelands (Cuellar et al., 2012). The latter favors 
contact between animals from different herds and other 
animal species (e.g., cattle and sheep), which increases 
the risk of infection and compromises the control of rel-
evant infectious diseases such as brucellosis, small rumi-
nant lentivirus (SRLv), and paratuberculosis (PTb). 

Since 2010, the National Council for Animal Health 
(CONASA, Consejo Técnico Consultivo Nacional de Sani-
dad Animal) has designated brucellosis and PTb, which are 
potentially zoonotic diseases, and small ruminant lentivirus 
and mycoplasmosis, as relevant diseases (CONASA, 2011).

Brucella melitensis is the main cause of brucellosis in goats 
(Garin -Bastuji et al., 1998; Aguilar et al., 2011; Díaz-Aparicio, 
2013), characterized by abortions towards the end of gesta-
tion and occasionally orchitis or epididymitis (Chand et al., 
2002). This agent, B. melitensis, is considered to be of public 
health importance as it is the most pathogenic Brucella spp. 
in humans (Méndez et al., 2015). In Mexico, two diagnostic 
tests are commonly used and recommended for the deter-
mination of caprine brucellosis: agglutination tests using B. 
abortus strain 1119-3, and complement fixation as a confir-
matory test (Norma Oficial Mexicana, 1995). Furthermore, 
a native hapten (NH) from B. melitensis has been developed 
to differentiate vaccinated from naturally infected animals, 
with the aim of targeting vaccination and other control 
strategies in different herds (Moreno, et al., 1987; Zygmunt 
et al., 1988; Díaz-Aparicio et al., 1996). 

Small ruminant lentivirus infects sheep and goats world-
wide, causing multisystemic chronic and progressive dis-
ease, characterized by pneumonia, encephalitis, arthritis, 
and mastitis (Minguijón et al., 2015). In Mexico, SRLv was 
officially recognized in goats in the 1990s and sheep in 2016 
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(Mendiola et al., 2019). The main SRLv diagnostic techniques 
are Agar Gel Immunodiffusion (AGID) and ELISA (Fry et al., 
2008; Martínez et al., 2012; OIE, 2017a), with PCR consid-
ered a complementary technique (De Andrés et al., 2005; 
OIE, 2017a). 

Paratuberculosis, also known as Johne’s disease, is caused 
by Mycobacterium avium subsp. paratuberculosis (MAP) (Rob-
be, 2011; Fiorentino et al., 2012). The clinical disease is char-
acterized by chronic enteritis, decreased milk production, 
and progressive weight loss, which causes emaciation and 
death in adult animals (Estévez-Denaives et al., 2007; Khei-
randish, et al., 2009). The most reliable method for the di-
agnosis of MAP is fecal culture (OIE, 2017b, 2021), but it is 
hardly used due to the prolonged incubation periods re-
quired (> 6 weeks) (Estévez-Denaives et al., 2007). ELISA has 
been proposed as an alternative diagnostic test for seropos-
itive animals (Stabel et al., 2009). 

Based on the importance of the above-mentioned dis-
eases for Mexican goat production systems, the aim of this 
study was to conduct a retrospective seroepidemiological 
study to estimate the prevalence of brucellosis, SRLv, and 
PTb in goats from different regions of Mexico using a mul-
tiplex assay (Luminex®). This test is highly efficient because 
it reduces the detection time and required sample volumes. 

Additionally, it’s a reliable, reproducible, sensitive, and spe-
cific test with high accuracy and precision indices (Ray et al., 
2005; Elshal & McCoy, 2006; Anderson, 2011; Nájera-Rivera 
et al., 2023) and has been used in the diagnosis of other 
infectious diseases (Ravindran et al., 2010; Anderson et al., 
2011; Rodriguez et al., 2023).

MATERIALS AND METHODS

A total of 983 goat sera obtained from the goat sera 
bank of the Faculty of Veterinary Medicine (UNAM) were 
analyzed. The samples correspond to convenience sampling 
conducted in nine different states of the Mexican Repub-
lic between 2014 and 2019. The samples were taken in a 
few municipalities per state at different times due to the 
availability of animals and not across the indicated years. 
Table 1 shows the number of samples analyzed by state and 
municipality. 

To perform the triplex assay (Luminex® Corporation, 
Texas, USA), the protoplasmic antigen (PPA-3) (Allied Moni-
tor Laboratory, Missouri, US) from MAP, native hapten (NH) 
from B. melitensis, and recombinant proteins p16 and gp38 
from SRLv were used. PPA-3 corresponds to a bacterial ly-
sate from the strain M. avium, which has been demonstrated 

State Municipality
Number of samples 

per municipality
Total samples/State

Estado de México
Capultengo 32

48
Ixtapaluca 16

Baja California Sur Comondú 37 37

Coahuila
Matamoros 43

76
Viesca 33

Guanajuato

Pénjamo 24

180
Salamanca 43

Santa Cruz de Juventino 
Rosas

113

Querétaro Tequisquiapan 339 339

Sinaloa Culiacán 81 81

Sonora Cajeme 22 22

Tlaxcala Altzayanca 102 102

Veracruz
Altotonga 67

98
Coatepec 31

TOTAL 983 983

Table 1.
A total of 983 samples obtained from 2014 to 2019 through convenience sampling were analyzed and categorized by state and municipality.
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to be immunogenic, with sensitivity values of up to 80% 
and specificity of 90–95% (Costanzo et al., 2012). For SRLv, 
the genes encoding the matrix protein (P16) and transmem-
brane protein (gp38) from the SRLv genome subtype B were 
amplified and cloned into an expression vector (Hötzel & 
Cheevers, 2001; Vázquez Franco, 2011). Native hapten an-
tigen, a 14.5 kDa polysaccharide, was obtained using a pre-
viously described method (Moreno et al., 1987; Zygmunt et 
al., 1988).

The four antigens used comprised a triplex diagnostic 
panel. The procedure was standardized and previously vali-
dated; its sensitivity was between 84.4% and 98.9%, and its 
specificity was between 95.9% and 98.4% (Nájera-Rivera et 
al., 2023). In the case of SRLv, sera that reacted with both 
p16 and gp38 antigens were considered seropositive. 

Statistical analysis
Seroprevalence was calculated through the detection of 

antibodies that recognize each of the antigens used, with 
a confidence interval of 95%. An imperfect test was per-
formed using EpiR software in the open source R software 
(R Core Team, 2013) (Rosati et al., 2004; Mark et al., 2023). 
This statistical test uses the apparent prevalence, as well as 
the sensitivity and specificity of the diagnostic test to ob-

tain an estimated prevalence value (Rogan & Gladen, 1978), 
whereas the confidence intervals of the estimated preva-
lence were obtained using the methodology proposed by 
Reiczigel et al. (2010).

RESULTS

Based on the serological multiplex assay, all the samples 
were positive for at least one of the diseases tested in this 
study. Antibodies against the agents studied were found in 
all sampled Mexican states. In general, brucellosis and SRLv 
showed a high estimated prevalence (37% and 21%, respec-
tively). Meanwhile, the PTb-estimated seroprevalence was 
low in almost all states, with Guanajuato having the highest 
seroprevalence of 13%. The percentages of the estimated 
seroprevalence and confidence intervals for each state are 
shown in Table 2. Figure 1 shows the geolocation of the 
sampled municipalities.

DISCUSSION

This retrospective seroepidemiologic study was conduct-
ed in nine Mexican states using the multiplex Luminex® 
technique to estimate seroprevalences (from 2014 to 2019) 

State Estimated seroprevalence by disease (intervals)

Brucellosis SRLv PTb

Estado de México 73% 
 (58.53-84.56)

64% 
 (48.83-76.79)

8% 
 (1.06-21.63)

Baja California Sur 71% 
 (53.43-83.58)

21% 
 (9.70-37.01)

5% 
 (-0.96-20.62)

Coahuila 76% 
 (64.09-84.50)

44% 
 (32.42-55.44)

0% 
 (-2.65-8.58)

Guanajuato 67% 
 (59.05-73.60)

54% 
 (46.38-61.65)

13% 
 (8.04-20.20)

Querétaro 55% 
 (49.39-60.60)

57% 
 (51.65-62.75)

2% 
 (-0.54-4.97)

Sinaloa 50% 
 (38.23-60.90)

41% 
 (30.13-52.28)

4% 
 (-0.21-13.54)

Sonora 78% 
 (55.93-91.43)

65% 
 (43.10-82.59)

6% 
 (-1.27-28.21)

Tlaxcala 37% 
 (27.94-47.78)

27% 
 (18.53-36.60)

0% 
 (-2.43-7.03)

Veracruz 74% 
 (63.81-82.19)

44% 
 (34.12-54.53)

2% 
 (-1.66-9.06)

Total 60% 
 (57.08-63.58)

49% 
 (45.59-52.20)

4% 
 (2.60-6.42)

Table 2.
The estimated seroprevalence percentages and confidence intervals were calculated for brucellosis, SRLv, and PTb, by state. The highest 
estimated seroprevalence was observed in brucellosis and SRLv. Antibodies against these antigens were present in all Mexican states where 
the samples were collected.

SRLv, Small ruminant lentivirus; PTb, Paratuberculosis.
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for brucellosis, small ruminant lentivirus, and paratubercu-
losis, which are considered the most relevant infectious dis-
eases in the goat industry in Mexico (Palomares et al., 2021).

The results of this study showed that the three identified 
diseases had a recurring presence throughout the coun-
try. Among the analyzed states, brucellosis (60%) and SRLv 
(49%) showed the highest total seroprevalence. Despite the 
detection of antibodies against MAP in most states, the to-
tal estimated seroprevalence was low (4%).

The seroprevalence of brucellosis was higher than the 
national seroprevalence of 0.05% reported by the Nation-
al Health Service (SENASICA) from the Secretariat of Ag-
riculture (SADER) in 2018 (Servicio Nacional de Sanidad, 
Inocuidad y Calidad Agroalimentaria, 2022). However, this 
official prevalence report was generated using a non-ran-
domized sampling approach, mostly based on voluntary 

farmer participation; therefore, a possible sampling bias 
may underestimate the prevalence of brucellosis in the 
country. Thus, this sampling approach cannot be used as a 
valid reference for caprine brucellosis in Mexico. 

In our study, brucellosis was present in every state where 
sampling was carried out and had the highest number of 
seropositive animals among the three evaluated diseases. 
Owing to the higher sensitivity of the multiplex assay, it is 
possible that we identified a higher number of seropositive 
animals than other tests used to monitor this disease (Elshal 
& McCoy, 2006; Anderson, 2011). 

Of the three diseases evaluated in this study, brucellosis 
was the only one that had a proper and official routine di-
agnosis, for which vaccination is mandatory (Norma Oficial 
Mexicana, 1995). Nevertheless, an important problem when 
vaccinating goats against brucellosis is that no information 

Figure 1.
Map with geolocation of sampled states and municipalities. The estimated seroprevalence and geolocation for brucellosis, SRLv, and PTb are 
shown in histograms by state. Brucellosis and SRLv had the highest estimated seroprevalence among all sampled states. 
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is regularly recorded, that is, animal ID, dose used, or date 
of immunization. The high prevalence of seropositive sam-
ples in this study is due to natural infections caused by field 
strains and not due to vaccination, since the NH antigen 
does not detect vaccine antibodies (Díaz-Aparicio et al., 
1994; Díaz-Aparicio et al., 1996). 

In Mexico, the predominant SRLv is genotype B1 (Ramírez 
et al., 2011), and the proteins encoded by the lentivirus gag 
gene (capsid and matrix) are used in serological tests that 
are highly sensitive for the detection of antibodies for pro-
longed periods of time and early stages of the infection 
(Grego et al., 2005). Additionally, the combined use of 
these recombinant proteins in ELISA-type tests generates 
a diagnostic efficiency greater than that obtained individu-
ally (Rosati et al., 2004). In the present study, the estimated 
seroprevalence of SRLv was 49% in all the studied Mexi-
can states, comparable to the 53.9% reported in 2021 in 
six states using ELISA (De la Luz et al., 2021). Moreover, the 
prevalence found in four of the studied states was greater 
than 50% (Sonora 64%, Estado de México 63%, Queréta-
ro 56%, and Guanajuato 53%), which is similar to previous 
reports for this state (De la Luz et al., 2021). Even in states 
where we found a lower prevalence, these were still consid-
ered high (Tlaxcala 27%, and Baja California Sur 21%). This 
situation can be explained by the fact that SRLv is not part 
of any program to control this disease in Mexico. More-
over, the high seroprevalence estimated for SRLv in this 
study could be due to the high sensitivity of the Luminex 
® technique, in which the detection of seropositive animals 
was determined using two recombinant SRLv proteins of 
genotype B1, giving the technique a higher probability of 
detecting true positives. It is also possible that the infec-
tion is increasing in the country’s herds, since in the 80s, 
it was estimated that 27% of the animals were seropositive 
(Nazara et al., 1985).

Caprine PTb is an endemic disease widely disseminat-
ed in Latin America. However, in Mexico, few studies have 
determined its seroprevalence in certain regions or states 
(Mejía et al., 2015; Espeschit et al., 2017). The highest PTb 
seroprevalence in this study was 13% in Guanajuato. A study 
conducted by Favila et al. (2009) also found high seroprev-
alence in the same state (22%). This could be related to the 
intensive milk production system used, which favors the 
spread of infection among animals. Conversely, a low PTb 
prevalence was reported for Guanajuato using a different 
test, AGID (Meza et al., 2019), which is less sensitive than 
Luminex® used in this study.

The states with the lowest PTb prevalence in our study 
(< 2%) were Coahuila, Tlaxcala, Veracruz, and Queréta-
ro, comparable to those previously reported for Veracruz 
(0.6%) (Villagómez et al., 2012), but lower than those re-
ported for Coahuila (15%) (Toledo et al., 2010). In this study, 
we observed a total seroprevalence of 4%, with no state 
showing seroprevalence above 8%, except for Guanajua-
to. This finding is consistent with that reported by Morales 
et al. (2020), who reported a prevalence of 7% in Sonora. 

However, in other studies in which ELISA was used, the se-
roprevalence was higher (Fávila et al., 2009, 2010; Toledo et 
al., 2010; Gallaga et al., 2017).

These differences may be due to the use of techniques 
with different sensitivities and specificities, or to a low sero-
conversion of the animals because the long incubation peri-
ods of this infectious agent make its early detection difficult 
in truly infected animals (Ramírez et al., 2011). Therefore, 
a comparison of the results with previous reports should 
be performed with caution. Nevertheless, our data indicate 
that this disease is widespread in Mexico. Adequate control 
of PTb in the clinical and subclinical stages in animals (Espe-
schit et al., 2017) is of public health importance because it 
has been associated with Crohn’s disease in humans (Sutton 
et al., 2000; Sechi et al., 2005; Hermon-Taylor, 2009). 

In the present study, it was shown that the use of a mul-
tiple diagnostic test, such as Luminex®, with high sensitivity 
and specificity parameters is functional for large-scale diag-
nosis. Furthermore, the test is easy, affordable, and allows 
efficient sample usage.

The sample size used in this study was minimal because 
they came from a serum bank, obtained by convenience; 
therefore, the randomization condition that is essential for 
obtaining reliable epidemiological values was not fully met 
(Pérez et al., 2017). Likewise, the comparison of the data 
from this study with other reports has the limitation of not 
knowing the sensitivity and specificity values of each test. 
However, the estimated prevalence implies that brucellosis, 
small ruminant lentivirus, and paratuberculosis are present 
in Mexico. Therefore, it is important to carry out serological 
monitoring to confirm the current status of these diseas-
es in different regions and herds of the country and thus 
implement the most effective epidemiological measures to 
preserve animal and human health.

It is worth noting that the samples tested in our study 
were taken between 2014-2019, and during this period, sev-
eral control measures and programs may have been put in 
place to control the diseases reported here. For example, 
we described an estimated prevalence of brucellosis in So-
nora of 78% in samples collected in 2015, when an eradica-
tion program to control the disease was in place. Currently, 
brucellosis is considered to be eradicated in the State of 
Sonora (Servicio Nacional de Sanidad, Inocuidad y Calidad 
Agroalimentaria, 2022). Therefore, the present report rep-
resents an excellent reference for evaluating the success 
and effectiveness of control and eradication programs im-
plemented during or after the study period. 

CONCLUSION

This study showed that brucellosis, small ruminant lenti-
virus, and paratuberculosis are common in goat production 
systems in Mexico. Furthermore, we demonstrated that 
Luminex® technology is suitable for detecting antibodies 
against viral and bacterial antigens of high or low preva-
lence diseases in goat herds.
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It is important to continue to monitor the status of these 
diseases to establish the most viable prevention, control, 
and eradication measures, according to the region and pro-
duction system, particularly in the case of brucellosis and 
paratuberculosis, owing to their implications for public 
health. 

DECLARATIONS

Conflict of interest statement
The authors declare that they have no conflicts of interest.

Author contributions
ADRC: data curation, formal analysis, investigation, methodology, su-

pervision, validation, writing of the original draft, writing review, and ed-
iting. CMC: data curation, formal analysis, and investigation. HDNR: data 
curation, formal analysis, investigation, validation, writing of the original 
draft, writing review, and editing. EDA: conceptualization, resources, su-
pervision, writing review, and editing. ADP: conceptualization, resources, 
supervision, writing review, and editing. HRA: conceptualization, resources, 
supervision, writing review, and editing. ORC: formal analysis and visual-
ization. AZG: formal analysis and visualization. EHL: resources, supervision, 
writing review, and editing. LCM: conceptualization, funding acquisition, 
project administration, resources, supervision, writing of the original draft, 
writing review, and editing.

Funding
This study was funded by Dirección General de Asuntos del Personal 

Académico (DGAPA), Universidad Nacional Autónoma de México. PAPIIT 
IT201520 and PAPIIT IT201816

Acknowledgements
We sincerely thank Liliana Valdés Vázquez for her technical assistance 

in carrying out this Project and Juan Heberth Hernández Medrano and 
Arantzatzu Lassala for critically reviewing the manuscript.

REFERENCES

 
Aguilar Romero, F., Cantú Covarrubias, A., Díaz Aparicio, E., Favila Humara, 

L. C., Herrera López, E., Morales Álvarez, J. F., Palomares Resendiz, E. G., 
& Santillán Flores, M. A. (2011). Prevención de Brucelosis en rumiantes. 
Manual de capacitación. Available at: https://redgatro.fmvz.unam.mx/
assets/manual_brucelosis.pdf (Accessed: 4 October 2022). ISBN: 978-
607-425-557-7 

Anderson, K. (2011). Multiplexed Detection of Antibodies using Program-
mable Bead Arrays. Methods in Molecular Biology, 723, 227–238. 
https://doi.org/10.1007/978-1-61779-043-0_15 

Anderson, S., Wakeley, P., Wibberley, G., Webster, K., & Sawyer, J. (2011). 
Development and evaluation of a Luminex multiplex serology assay to 
detect antibodies to bovine herpes virus 1, parainfluenza 3 virus, bovine 
viral diarrhoea virus, and bovine respiratory syncytial virus, with com-
parison to existing ELISA detection method. Journal of Immunological 
Methods, 366(1-2), 79-88. https://doi.org/10.1016/j.jim.2011.01.010 

De Andrés, D., Klein, D., Watt, N. J., Berriatua, E., Torsteinsdottir, S., Black-
laws, B. A., & Harkiss, G. D. (2005). Diagnostic tests for small rumi-
nant lentiviruses. Veterinary microbiology, 107(1–2), 49–62. https://doi.
org/10.1016/j.vetmic.2005.01.012

Chand, P., Sadana, J. R. and Malhotra, A. K. (2002). Epididymo-orchitis 
caused by Brucella melitensis in breeding rams in India. The Veterinary 
record, 150(3), 84–85. https://doi.org/10.1136/VR.150.3.84

Consejo Técnico Consultivo Nacional de Sanidad Animal (CONASA). 
(2011). Encuentro sobre el Diagnóstico de las Principales Enfermedades 
de los Caprinos. Folleto cnsp.caprinos.2011.1.

Costanzo, G., Alvarado Pinedo, F., Mon, M. L., Viale, M., Gil, A., Carrica 
Illia, M., Gioffré, A., Arese, A., Travería, G., & Romano, M. I. (2012). Ac-
curacy assessment and screening of a dairy herd with paratuberculosis 
by three different ELISAs. Veterinary microbiology, 156(1–2), 183–188. 

https://doi.org/10.1016/J.VETMIC.2011.10.029
Cuellar, J., Tortora, J., Trejo, A., & Román, P. (2012). La producción caprina 

mexicana particularidades y complejidades. 1st edn. Available at: https://
fliphtml5.com/esfv/gswe/basic (Accessed: 4 October 2022).

Díaz-Aparicio, E., Marín, C., Alonso-Urmeneta, B., Aragón, V., Pérez-Or-
tiz, S., Pardo, M., Blasco, J. M., Díaz, R., & Moriyón, I. (1994). Evalua-
tion of serological tests for diagnosis of Brucella melitensis infection 
of goats. Journal of Clinical Microbiology, 32(5), 1159–1165. https://doi.
org/10.1128/JCM.32.5.1159-1165.1994

Díaz-Aparicio, E., Moriyón-Uría, I., Blasco-Martínez, J. M., Marín-Alcalá, C., 
& Díaz García, R. (1996) Diagnóstico de Brucella melitensis en ovinos 
usando inmunodifusión radial con hapteno nativo. Revista Mexicana 
de Ciencias Pecuarias, 34(2), 99–103. Available at: https://redib.org/Re-
cord/oai_articulo1204246-diagnostico-de-brucella-melitensis-en-ovi-
nos-usando-inmunodifusion-radial-con-hapteno-nativo (Accessed: 5 
October 2022).

Díaz-Aparicio, E. (2013). Epidemiology of brucellosis in domestic animals 
caused by Brucella melitensis, Brucella suis and Brucella abortus. Re-
vue Scientifique et Technique (International Office of Epizootics), 32(1), 
53–60. https://doi.org/10.20506/RST.32.1.2187

Elshal, M. & McCoy, J. (2006). Multiplex bead array assays: performance 
evaluation and comparison of sensitivity to ELISA. Methods, 38(4), 317–
323. https://doi.org/10.1016/J.YMETH.2005.11.010

Espeschit, I., Schwarz, D., Faria, A. Souza, M., Paolicchi, F., Juste, R., Carval-
ho, I., & Moreira, M. (2017). Paratuberculosis in Latin America: a system-
atic review. Tropical Animal Health and Production, 49(8), 1557–1576. 
https://doi.org/10.1007/S11250-017-1385-6

Estévez-Denaives, I., Hernández-Castro, R., Trujillo-García, A. M., & Chávez-
Gris, G. (2007). Detection of Mycobacterium avium subsp. paratuber-
culosis in goat and sheep flocks in Mexico. Small Ruminant Research, 
72(2–3), 209–213. https://doi.org/10.1016/J.SMALLRUMRES.2006.10.017

Fávila, H., Guzmán, R., Santillán, F., Díaz, E., Córdoba L., & Martínez, C. 
(2009). Estudio epidemiológico de la paratuberculosis caprina en Gua-
najuato, Puebla y Oaxaca (resultados preliminares). Memorias de XLV 
Reunión Nacional de Investigación Pecuaria. 

Fávila-Humara, L., Chávez-Gris, G., Carrillo-Casas, E., & Hérnandez-Castro, 
R. (2010). Mycobacterium avium subsp. paratuberculosis detection in 
individual and bulk tank milk samples from bovine herds and caprine 
flocks. Foodborne pathogens and disease, 7(4), 351–355. https://doi.
org/10.1089/FPD.2009.0374

Fiorentino, M., Gioffré, A., Cirone, K., Morsella, C., Alonso, B., Delgado, 
F., & Paolicchi. F. (2012). First isolation of Mycobacterium avium subsp. 
paratuberculosis in a dairy goat in Argentina: Pathology and molecular 
characterization. Small Ruminant Research, 108(1–3), 133–136. https://
doi.org/10.1016/J.SMALLRUMRES.2012.06.010

Fry, M., Kruze, J. & Collins, M. (2008). Evaluation of four commercial en-
zyme-linked immunosorbent assays for the diagnosis of bovine paratu-
berculosis in Chilean dairy herds. Journal of veterinary diagnostic inves-
tigation, 20(3), 329–332. https://doi.org/10.1177/104063870802000311

Gallaga, E., Arellano, B., Santillán, M., Favila, L., Córdova, D., Morales, R., & 
Díaz, E. (2017). Situación epidemiológica de la paratuberculosis en las 
principales regiones caprinas del estado de Puebla, México. Quehacer 
Científico en Chiapas, 12(1), 36–45.

Garin-Bastuji, B., Blasco, J. M., Grayon, M., & Verger, J. M. (1998). Brucella 
melitensis infection in sheep: present and future. Veterinary Research, 
29(3–4), 255–274. Available at: https://hal.archives-ouvertes.fr/hal-
00902528 (Accessed: 5 October 2022).

Grego, E., Bertolotti, L., Carrozza, M.L., Profiti, M., Mazzei, M., Tolari, 
F., & Rosati, S. (2005). Genetic and antigenic characterization of the 
matrix protein of two genetically distinct ovine lentiviruses. Veteri-
nary microbiology, 106(3–4), 179–185. https://doi.org/10.1016/J.VET-
MIC.2004.12.007

Hermon-Taylor, J. (2009). Mycobacterium avium subspecies paratuberculo-
sis, Crohn’s disease and the Doomsday scenario. Gut pathogens, 1(1), 
15-21. https://doi.org/10.1186/1757-4749-1-15 

Hötzel, I. & Cheevers, W. P. (2001). Host Range of Small-Ruminant Lentivi-
rus Cytopathic Variants Determined with a Selectable Caprine Arthri-
tis- Encephalitis Virus Pseudotype System. Journal of Virology, 75(16), 
7384–7391. https://doi.org/10.1128/jvi.75.16.7384-7391.2001

Kheirandish, R., Tafti, A. & Hosseini, A. (2009). Classification of lesions 

https://redgatro.fmvz.unam.mx/assets/manual_brucelosis.pdf
https://redgatro.fmvz.unam.mx/assets/manual_brucelosis.pdf
https://doi.org/10.1007/978-1-61779-043-0_15
https://doi.org/10.1016/j.jim.2011.01.010
https://doi.org/10.1016/j.vetmic.2005.01.012
https://doi.org/10.1016/j.vetmic.2005.01.012
https://doi.org/10.1136/VR.150.3.84
https://doi.org/10.1016/J.VETMIC.2011.10.029
https://fliphtml5.com/esfv/gswe/basic
https://fliphtml5.com/esfv/gswe/basic
https://doi.org/10.1128/JCM.32.5.1159-1165.1994
https://doi.org/10.1128/JCM.32.5.1159-1165.1994
https://redib.org/Record/oai_articulo1204246-diagnostico-de-brucella-melitensis-en-ovinos-usando-inmunodifusion-radial-con-hapteno-nativo
https://redib.org/Record/oai_articulo1204246-diagnostico-de-brucella-melitensis-en-ovinos-usando-inmunodifusion-radial-con-hapteno-nativo
https://redib.org/Record/oai_articulo1204246-diagnostico-de-brucella-melitensis-en-ovinos-usando-inmunodifusion-radial-con-hapteno-nativo
https://doi.org/10.20506/RST.32.1.2187
https://doi.org/10.1016/J.YMETH.2005.11.010
https://doi.org/10.1007/S11250-017-1385-6
https://doi.org/10.1016/J.SMALLRUMRES.2006.10.017
https://doi.org/10.1089/FPD.2009.0374
https://doi.org/10.1089/FPD.2009.0374
https://doi.org/10.1016/J.SMALLRUMRES.2012.06.010
https://doi.org/10.1016/J.SMALLRUMRES.2012.06.010
https://doi.org/10.1177/104063870802000311
https://hal.archives-ouvertes.fr/hal-00902528
https://hal.archives-ouvertes.fr/hal-00902528
https://doi.org/10.1016/J.VETMIC.2004.12.007
https://doi.org/10.1016/J.VETMIC.2004.12.007
https://doi.org/10.1186/1757-4749-1-15
https://doi.org/10.1128/jvi.75.16.7384-7391.2001


www.ajvs.cl65

and comparison of immunohistochemical and acid fast staining in 
diagnosis of naturally occurring paratuberculosis in goats. Small Ru-
minant Research, 87(1–3), 81–85. https://doi.org/10.1016/J.SMALLRUM-
RES.2009.09.030

De la Luz-Armendáriz, J., Ducoing-Watty, A., Ramírez-Mendoza, H., Gó-
mez-Nuñez, L., Tufiño-Loza, C., Cabrera-Domínguez, E., Díaz-Aparicio, 
E., & Rivera-Benítez, J. (2021). Prevalence, molecular detection, and 
pathological characterization of small ruminant lentiviruses in goats 
from Mexico. Small Ruminant Research, 202. https://doi.org/10.1016/J.
SMALLRUMRES.2021.106474

Mark, A., Sergeant, E., Heuer, C., Marshall, J., Sanchez, J., Thornton, R., Ro-
bison-cox, J., Sebastiani, P., Solymos, P., Jones, G., Firestone, S., Kyle, 
R., Popp, J., Jay, M., & Cheung, A. (2023). Package “ epiR” Tools for the 
Analysis of Epidemiological Data.  R topics documented.

Martínez, A., Santillán, M., Guzmán, C., Favila, L., Córdova, D., Díaz, E., 
Hernández, L., & Blanco, M. (2012). Desarrollo de un inmuno-ensayo 
enzimático (ELISA) para el diagnóstico de Paratuberculosis en bovinos.  
Revista Mexicana de Ciencias Pecuarias, 3(1), 1–18. Available at: https://www.
scielo.org.mx/pdf/rmcp/v3n1/v3n1a1.pdf (Accessed: 5 October 2022)

Mejía, K., Lemus, C., González-Morteo, C., Palomares, G., Díaz, E., & Se-
gura, J. (2015). Seroprevalence of paratuberculosis in sheep of Nayarit. 
Research Opinions in Animal and Veterinary Sciences, 5(12), 494–498.

Méndez-Lozano, M., Rodríguez-Reyes, E. & Sánchez-Zamorano, L. (2015). 
Brucelosis, una zoonosis presente en la población: estudio de series de 
tiempo en México. Salud Pública de México, 57(6), 519–527. https://doi.
org/10.21149/spm.v57i6.7641

Mendiola, W. P. S., Tórtora, J. L.,Martínez, H. A., García, M. M., Cue-
vas-Romero, S., Cerriteño, J. L., & Ramírez, H. (2019). Genotyping Based 
on the LTR Region of Small Ruminant Lentiviruses from Naturally In-
fected Sheep and Goats from Mexico. BioMed Research International, 
2019, 4279573.  https://doi.org/10.1155/2019/4279573

Meza, J., Herrera, E., Gutiérrez, J., Palomares, E., Díaz, E., & Gaytán, F. (2019). 
Diagnóstico  serológico  de paratuberculosis en caprinos del Estado de 
Guanajuato, México. Revista Académica: Ciencia Animal, 17(1), 409–412. 

Minguijón, E., Reina, R., Pérez, M., Polledo, L., Villoria, M., Ramírez, H., 
Leginagoikoa, I., Badiola, J. J., García-Marín, J. F., de Andrés, D., Luján, 
L., Amorena, B., & Juste, R. A. (2015). Small ruminant lentivirus infec-
tions and diseases. Veterinary Microbiology, 181(1–2), 75–89. https://doi.
org/10.1016/j.vetmic.2015.08.007

Morales, M., Mejía, P., Díaz, E., Palomares, E., Gutiérrez, J., Reyna, J., Luna, 
P., Munguía, J., Segura, J., & Leyva, J. (2020). Risk factors associated with 
the seroprevalence of paratuberculosis in sheep flocks in the hot-arid 
region of Sonora, México. Tropical animal health and production, 52(3), 
1357–1363. https://doi.org/10.1007/S11250-019-02139-Y

Moreno, E., Mayer, H. & Moriyón, I. (1987). Characterization of a native 
polysaccharide hapten from Brucella melitensis. Infection and immu-
nity, 55(11), 2850–2853. https://doi.org/10.1128/IAI.55.11.2850-2853.1987

Nájera-Rivera, H. D., Rodríguez-Cortez, A. D., Anaya-Santillán, M. G., 
Díaz-Aparicio, E., Ramos-Rodríguez, A. V., Siliceo-Cantero, I. J., 
Vázquez-Franco, N. C., Nieto-Patlán, E., De las Peñas, A.,  Valdés-
Vázquez, L. M., & Cobos-Marín, L. (2023). Multiplex assay for the si-
multaneous detection of antibodies against small ruminant lentivirus, 
Mycobacterium avium subsp. paratuberculosis, and Brucella melitensis 
in goats. Veterinary World, 16(4), 704–710. https://doi.org/10.14202/
vetworld.2023.704-710

Nazara, S., Trigo, F., Suberbie, E., & Madrigal, V. (1985). Estudio serológico 
de la artritis-encefalitis caprina en México. Revista Mexicana de Cien-
cias Pecuarias, 48, 98–101. Available at: https://cienciaspecuarias.inifap.
gob.mx/index.php/Pecuarias/article/view/3337 (Accessed: 3 October 
2022).

Norma Oficial Mexicana. (1995). Campaña Nacional contra la Brucelosis en los 
animales, NOM-041-ZOO-1995. Available at: https://www.gob.mx/cms/
uploads/attachment/file/106184/NOM-041-ZOO-1995.pdf (Accessed: 5 
October 2022).

OIE. (2017a). Artritis/Encefalitis caprina y Maedi-Visna. Manual de Las Prue-
bas de Diagnóstico y de las Vacunas Para Los Animales Terrestres. 8th 
ed. Available at: https://www.woah.org/fileadmin/Home/esp/Health_
standards/tahm/3.08.02_Artritis-Encefalitis_caprina_Maedi_Visna.pdf 
(Accessed: 5 October 2022).

OIE. (2017b). Hoja de ruta contra la tuberculosis bovina. Available at: www.

oie.int (Accessed: 4 October 2022).
OIE. (2021). Paratuberculosis (enfermedad de Johne). Manual de Las Prue-

bas de Diagnóstico y de Las Vacunas Para Los Animales Terrestres. 
8th edn. Available at: https://www.woah.org/fileadmin/Home/esp/
Health_standards/tahm/3.01.15_Paratuberculosis.pdf (Accessed: 5 Oc-
tober 2022).

Palomares, G., Aguilar, F., Flores, C., Gómez, L., Gutiérrez, J., Herrera, E., 
Limón, M., Morales, F., Pastor, F., & Díaz, E. (2021). Important infectious 
diseases in goat production in Mexico: History, challenges and outlook. 
Revista Mexicana De Ciencias Pecuarias, 12(3), 205–223. https://doi.
org/10.22319/rmcp.v12s3.5801

Pérez, J., Barragán, E. & Lozada, A. (2017). Entendiendo la epidemiología 
Principios básicos y su aplicación en las ciencias veterinarias. 1st ed. 
UAM. Available at: https://casadelibrosabiertos.uam.mx/gpd-entendien-
do-la-epidemiologia.html (Accessed: 5 October 2022).

R Core Team. (2013). R: The R Project for Statistical Computing. Vienna 
. Available at: https://www.r-project.org/ (Accessed: 5 October 2022).

Ramírez, H., Glaria, I., De Andrés, X., Martínez, H., Hernández, M., Reina, R., 
Iráizoz, E., Crespo, H., Berriatua, E., Vázquez, J., Amorena, B., & Andrés, 
D. (2011). Recombinant small ruminant lentivirus subtype B1 in goats 
and sheep of imported breeds in Mexico. Veterinary journal, 190(1), 
169–172. https://doi.org/10.1016/J.TVJL.2010.09.005

Ramírez, N., Rodríguez, B. & Fernández, J. (2011). Diagnóstico clínico e his-
topatológico de paratuberculosis bovina en un hato lechero en Colom-
bia. Revista MVZ Córdoba, 16(3), 2742–2753. https://doi.org/10.21897/
RMVZ.275

Ravindran, R., Khan, I., Krishnan, V., Ziman, M., Kendall, L., Frasier, J., Bates, 
R., Griffey, S., Fahey, J., & Luciw, P. (2010). Validation of multiplex mi-
crobead immunoassay for simultaneous serodetection of multiple in-
fectious agents in laboratory mouse. Journal of immunological meth-
ods, 363(1), 51–59. https://doi.org/10.1016/J.JIM.2010.10.003

Ray, C., Bowsher, R., Smith, C., Devanarayan, V., Willey, B., Brandt, T., & 
Dean, R. (2005). Development, validation, and implementation of a 
multiplex immunoassay for the simultaneous determination of five 
cytokines in human serum. Journal of Pharmaceutical and Biomedical 
Analysis, 36(5), 1037–1044. https://doi.org/10.1016/j.jpba.2004.05.024

Reiczigel, J., Földi, J. & Ózsvári, L. (2010). Exact confidence limits for 
prevalence of a disease with an imperfect diagnostic test. Epide-
miology and infection, 138(11), 1674–1678. https://doi.org/10.1017/
S0950268810000385

Robbe, S. (2011). Control of Paratuberculosis in Small Ruminants. Veteri-
nary Clinics of North America: Food Animal Practice, 27(3), 609–620. 
https://doi.org/10.1016/J.CVFA.2011.07.007

Rodriguez, A., Alonso-Morales, R., Lassala, A., Rangel P, L., Ramírez-An-
doney, V., & Gutierrez, C. G., (2023). Development and validation of 
a pentaplex assay for the identification of antibodies against common 
viral diseases in cattle. Access Microbiology, 5(10), 1–19. https://doi.
org/10.1099/acmi.0.000511.v3

Rogan, W. & Gladen, B. (1978). Estimating prevalence from the results 
of a screening test.  American journal of epidemiology, 107(1), 71–76. 
https://doi.org/10.1093/OXFORDJOURNALS.AJE.A112510

Rosati, S., Profiti, M., Grego, E., Carrozza, M., Mazzei, M., & Bandecchi, P. 
(2004). Antigenic variability of ovine lentivirus isolated in Italy. Veteri-
nary research communications, 28(1), 319–322. https://doi.org/10.1023/
B:VERC.0000045436.13203.37

Rosati, S., Profiti, M., Lorenzetti, R., Bandecchi, P., Mannelli, A., Ortoffi, M., 
Tolari, F., & Ciabatti, I. M. (2004). Development of recombinant capsid 
antigen/transmembrane epitope fusion proteins for serological diagno-
sis of animal lentivirus infections. Journal of Virological Methods, 121(1), 
73–78. https://doi.org/10.1016/j.jviromet.2004.06.001

Sechi, L., Scanu, A., Molicotti, P., Cannas, S., Mura, M., Dettori, G., Fadda, 
G., & Zanetti, S. (2005). Detection and Isolation of Mycobacterium avi-
um subspecies paratuberculosis from intestinal mucosal biopsies of 
patients with and without Crohn’s disease in Sardinia. The American 
journal of gastroenterology, 100(7), 1529–1536. https://doi.org/10.1111/
J.1572-0241.2005.41415.X

Secretaría de Agricultura y Desarrollo Rural. (2016). Sector caprino mexi-
cano, una importante fuente de crecimiento. Available at: https://www.
gob.mx/agricultura/es/articulos/sector-caprino-mexicano-una-impor-
tante-fuente-de-crecimiento (Accessed: 3 October 2022)

http://www.ajvs.cl
https://doi.org/10.1016/J.SMALLRUMRES.2009.09.030
https://doi.org/10.1016/J.SMALLRUMRES.2009.09.030
https://doi.org/10.1016/J.SMALLRUMRES.2021.106474
https://doi.org/10.1016/J.SMALLRUMRES.2021.106474
https://www.scielo.org.mx/pdf/rmcp/v3n1/v3n1a1.pdf
https://www.scielo.org.mx/pdf/rmcp/v3n1/v3n1a1.pdf
https://doi.org/10.21149/spm.v57i6.7641
https://doi.org/10.21149/spm.v57i6.7641
https://doi.org/10.1155/2019/4279573
https://doi.org/10.1016/j.vetmic.2015.08.007
https://doi.org/10.1016/j.vetmic.2015.08.007
https://doi.org/10.1007/S11250-019-02139-Y
https://doi.org/10.1128/IAI.55.11.2850-2853.1987
https://doi.org/10.14202/vetworld.2023.704-710
https://doi.org/10.14202/vetworld.2023.704-710
https://cienciaspecuarias.inifap.gob.mx/index.php/Pecuarias/article/view/3337
https://cienciaspecuarias.inifap.gob.mx/index.php/Pecuarias/article/view/3337
https://www.gob.mx/cms/uploads/attachment/file/106184/NOM-041-ZOO-1995.pdf
https://www.gob.mx/cms/uploads/attachment/file/106184/NOM-041-ZOO-1995.pdf
https://www.woah.org/fileadmin/Home/esp/Health_standards/tahm/3.08.02_Artritis-Encefalitis_caprina_Maedi_Visna.pdf
https://www.woah.org/fileadmin/Home/esp/Health_standards/tahm/3.08.02_Artritis-Encefalitis_caprina_Maedi_Visna.pdf
http://www.oie.int
http://www.oie.int
https://www.woah.org/fileadmin/Home/esp/Health_standards/tahm/3.01.15_Paratuberculosis.pdf
https://www.woah.org/fileadmin/Home/esp/Health_standards/tahm/3.01.15_Paratuberculosis.pdf
https://doi.org/10.22319/rmcp.v12s3.5801
https://doi.org/10.22319/rmcp.v12s3.5801
https://casadelibrosabiertos.uam.mx/gpd-entendiendo-la-epidemiologia.html
https://casadelibrosabiertos.uam.mx/gpd-entendiendo-la-epidemiologia.html
https://www.r-project.org/
https://doi.org/10.1016/J.TVJL.2010.09.005
https://doi.org/10.21897/RMVZ.275
https://doi.org/10.21897/RMVZ.275
https://doi.org/10.1016/J.JIM.2010.10.003
https://doi.org/10.1016/j.jpba.2004.05.024
https://doi.org/10.1017/S0950268810000385
https://doi.org/10.1017/S0950268810000385
https://doi.org/10.1016/J.CVFA.2011.07.007
https://doi.org/10.1099/acmi.0.000511.v3
https://doi.org/10.1099/acmi.0.000511.v3
https://doi.org/10.1093/OXFORDJOURNALS.AJE.A112510
https://doi.org/10.1023/B
https://doi.org/10.1023/B
https://doi.org/10.1016/j.jviromet.2004.06.001
https://doi.org/10.1111/J.1572-0241.2005.41415.X
https://doi.org/10.1111/J.1572-0241.2005.41415.X
https://www.gob.mx/agricultura/es/articulos/sector-caprino-mexicano-una-importante-fuente-de-crecimiento
https://www.gob.mx/agricultura/es/articulos/sector-caprino-mexicano-una-importante-fuente-de-crecimiento
https://www.gob.mx/agricultura/es/articulos/sector-caprino-mexicano-una-importante-fuente-de-crecimiento


Rodríguez-Cortez, et al. (2024) Austral J Vet Sci 56, 59-66

Austral Journal of Veterinary Sciences 66

Servicio Nacional de Sanidad, Inocuidad y Calidad Agroalimentaria. (2022). 
Situación actual del control de la brucelosis en México. Available at: 
https://www.gob.mx/senasica/documentos/situacion-actual-del-con-
trol-de-la-brucelosis-en-mexico (Accessed: 5 October 2022).

Stabel, J., Palmer, M.V., Harris, B., Plattner, B., Hostetter, J., & Robbe-Aus-
terman, S. (2009). Pathogenesis of Mycobacterium avium subsp. para-
tuberculosis in neonatal calves after oral or intraperitoneal experimen-
tal infection. Veterinary microbiology, 136(3–4), 306–313. https://doi.
org/10.1016/J.VETMIC.2008.11.025

Sutton, C., Kim, J., Yamane, A., Dalwadi, H., Wei, B., Landers, C., Targan, S., 
& Braun, J. (2000). Identification of a novel bacterial sequence associ-
ated with Crohn’s disease. Gastroenterology, 119(1), 23–31. https://doi.
org/10.1053/gast.2000.8519

Toledo, O., Fávila, L., Díaz, E., Santillán, F., & López, C. (2010). Seropreva-
lencia de paratuberculosis caprina en la Región Lagunera: resultados 

preliminares. Memorias de XLVI Reunión Nacional de Investigación 
Pecuaria.

Vázquez-Franco, N. C. (2011). Identificación de lentivirus de pequeños ru-
miantes genotipo B1 y desarrollo de herramientas moleculares para su diag-
nóstico [Master’s thesis, Universidad Nacional Autónoma de México].

Villagómez, J., Magdaleno, A., Hernández, S., Peniche, A., Morales, J., 
Martínez, D., Sarabia, C., & Flores, R. (2012). Seroepidemiology of goat 
paratuberculosis in five municipalities of Central Veracruz, Mexico. 
Tropical and Subtropical Agroecosystems, 15(2), 82–88. Available at: 
https://www.redalyc.org/articulo.oa?id=93924626014 (Accessed: 5 Oc-
tober 2022).

Zygmunt, M., Dubray, G., Bundle, D., & Perry, M. (1988). Purified native hap-
tens of Brucella abortus B19 and B. melitensis 16M reveal the lipopoly-
saccharide origin of the antigens. Annales de l’Institut Pasteur / Micro-
biologie, 139(4), 421–433. https://doi.org/10.1016/0769-2609(88)90105-6

https://www.gob.mx/senasica/documentos/situacion-actual-del-control-de-la-brucelosis-en-mexico
https://www.gob.mx/senasica/documentos/situacion-actual-del-control-de-la-brucelosis-en-mexico
https://doi.org/10.1016/J.VETMIC.2008.11.025
https://doi.org/10.1016/J.VETMIC.2008.11.025
https://doi.org/10.1053/gast.2000.8519
https://doi.org/10.1053/gast.2000.8519
https://www.redalyc.org/articulo.oa?id=93924626014
https://doi.org/10.1016/0769-2609(88)90105-6

