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The purpose of this study is to determine the seroprevalence and the associated risk factors to 
Mycobacterium avium subspecies paratuberculosis. A total of 4,487 serum samples were collected from 
cattle in 173 farms from different parts of Mexico. Information about potential risk factors and spatial 
location of the farms was obtained through a questionnaire to farm´ owners and by global positioning 
system (GPS) apparatus respectively. An enzyme-linked immunosorbant assay (ELISA) kit was used to 
detect the presence of antibodies against paratuberculosis (MAP). Maps showing areas of high risk of 
MAP and maps showing areas with environmental conditions for the presence of paratuberculosis were 
elaborated with Maxent. The overall prevalence of the disease was 5%. The higher seroprevalence was 
in family run systems (11.3%). The spatial analysis showed higher prevalence (6%) in the South Pacific 
region. Three factors had a significant relationship with prevalence of the disease: history of 
tuberculosis, grazing in open fields and belonging to the family run system.  
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INTRODUCTION 
 
Paratuberculosis (PTB), or Johne’s disease (JD), is a 
chronic, progressive, infectious granulomatous enteritis 
caused by Mycobacterium avium subspecies 
paratuberculosis (MAP), which affects ruminants, 
especially dairy cattle, and a variety of domestic species 
(Manning and Collins, 2001; Kudahl et al., 2007). 
Characteristic symptoms include: diarrhea, progressive 
weight loss and death in adult animals. MAP has been 

reported to survive milk pasteurization (Grant et al., 
2002), and has been related to Crohn’s disease in 
humans (Timms et al., 2012). The main route of infection 
with MAP is the fecal-oral route, but it can also be 
transmitted through colostrum (Streeter et al., 1995), and 
milk from subclinical or clinical infected cows (Streeter et 
al., 1995; Sweeney et al., 1992; Taylor et al., 1981). In 
utero, infection has also been reported  (Whittington   and
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Windsor, 2009). 

Clinical paratuberculosis has an important economic 
impact on the dairy industry; losses due to this disease in 
the dairy industry in the US have been estimated in 1.5 
billion dollars annually (Merkal et al., 1987). No data 
about the economic impact of the disease is available in 
Mexico. The reasons for such losses are: low milk 
production (Benedictus et al., 1987), large calving 
intervals (Abbas et al., 1983), low slaughter weights 
(Whitlock et al., 1985), shorter life expectancy, loss of 
potential breeding value, infertility and increased 
incidence of mastitis (Buergelt and Duncan, 1978). 
Efforts to treat the disease or to develop a vaccine have 
not been successful. Until an effective cure or prevention 
is found, early diagnosis and scientific management 
practices alone will help in protecting the animals against 
this disease. 

Johne’s disease has a worldwide distribution. The 
prevalence in some countries is as high as 40%, as is the 
case for the United States of America (Sánchez-
Villalobos et al., 2009), similar rates are reported in 
Canada (Sorensen et al., 2003). In cattle, it is endemic in 
The Netherlands, Austria, and Belgium, where the 
prevalence rate is 54, 7, and 41% respectively. In 
Europe, Sweden is the only country with a MAP-free 
status (Singh et al., 2008). In Australia, infection rates 
fluctuate between 9 and 22% (Sánchez-Villalobos et al., 
2009) respectively. In the south west of England, the 
mean seroprevalence is 7.1% (Woodbine et al., 2009).   

Latin America is not the exception; Argentina reports 
prevalence rates of 18.8% in dairy farms and 6.8% in 
beef farms. In Rio de Janeiro, Brazil, the prevalence is 
33%. In Venezuela 72% of the herds is infected 
(Sánchez-Villalobos et al., 2009). In Mexico, reports from 
different studies, usually involving small sample sizes, 
show a prevalence of about 30%, especially in dairy 
cattle.  

Therefore, the main objective of this study was to 
determine the seroprevalence of M. avium subspecies 
paratuberculosis in dairy cattle and the associated risk 
factors. 
 
 
MATERIALS AND METHODS 
 
The data 
 
Data came from a large cross-sectional study in 173 farms 
conducted between January, 2010 and December, 2012. The study 
involved farms from different parts of Mexico which are under three 
main systems of milk production prevalent in the country: intensive, 
family-run and double-purpose farms. Intensive and family-run 
farms have Holstein-Friesian cattle, double-purpose farms have 
mainly Bos indicus breeds, which are primarily used for calving and, 
as a secondary purpose, milk production.  The estimated sample 
size was about 3,500 animals, using a 10% hypothetical prevalence 
for brucellosis, 1% error and 95% confidence level. Even though 
the sample size estimated was 3, 500 animals, the final number of 
samples collected was 4,487. A stratified multistage sampling 
design was used. Considering that the population of dairy cattle is 
located   in   specific   regions,  each  region  was  considered  as  a 

Milián-Suazo et al.         303 
 
 
 
stratum in the first stage. In the second stage, states were selected 
within each stratum, and counties selected within each state. 
Counties were not randomly selected; instead, they were selected 
from a list of milk producing counties. Finally, due to the lack of a 
good sampling frame, convenience sampling was used to select 
herds and animals within herds. All sampling personnel were 
advised to select herds from different areas of each county which 
will form a representative sample. To reduce the total variance of 
sampling, the sampling fraction by stratum (region) was determined 
dividing the total number of samples by the total population 
(3,500/2,000 000=0.0019). Subsequently, to determine the number 
of animals sampled per stratum, the sample fraction was multiplied 
by the size of the population in each stratum. 
 
 
Blood samples 
 
 
Ten milliliters of blood were collected from each animal from the 
middle coccygeal vein with a 20-gauge, 1-in needle in a 10 ml 
serum-separator Vacutainer tube (Becton Dickinson and Company,  
Becton Dickinson Vacutainer Systems, Franklin lakes, NJ. 07417 to 
1885. USA). Antibodies against PTB were determined by Enzyme-
link-immunosorbent-assay (ELISA) kit (IDEXX Laboratories, Inc., 
Westbrook, ME, USA), using the protoplasmatic strain 3065 MAP 
(Martinez et al., 2012). 
 
 
Epidemiological information 
 
In order to collect epidemiological information, a questionnaire was 
administered to the owners of the herds to identify farm 
management practices and herd performance. The questionnaire 
included open items (any answer possible) and closed items 
(possible answers provided in the questionnaire) related to general 
characteristics of farms, such as size, breed and production, as well 
as target questions referring to potential risk factors for MAP 
transmission. 
 
 
Statistical analysis 
 
The statistical analysis was carried out in three phases. First, a 
univariate descriptive analysis was performed throughout 
frequencies and descriptive statistics, followed by a bivariate 
analysis to identify those variables potentially associated with MAP 
prevalence. Finally, all variables with a p value ≤ 0.20 were 
considered for a multivariate logistic regression model to obtain 
adjusted odds ratios. Analysis was performed with Epi info 
tm7.1.0.6. (Centers for Disease Control and Prevention) and SPSS 
(SPSS Inc.233 South Wacker Drive, 11th Floor, Chicago, IL 60606-
6412 EE.UU).  
 
 

Spatial information  
 
All farms were spatially located using a spatial location apparatus 
(GPS). This information was used to estimate risk areas of the 
disease throughout geostatistical modeling (kriging). These 
analyses were performed with ArcView from ArcGis 10 (ESRI, 
Redlands, CA). 
 
 

Ecological niche modeling 
 
In order to determine a relationship between environmental 
variables from BIOCLIM (http://www.worldclim.org) and the 
presence of MAP, an ecological niche modeling with maxent was 
performed. Maps showing predicted relative suitability for the
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Table 1. Prevalence of paratuberculosis in cattle in Mexican dairy farms, by 
system of production. 
 

System of production Positive animals Total Prevalence (%) 

Intensive 105 2303 4.6 
Dual-purpose 63 1617 3.9 
Family-run 64 565 11.3 
Total 232 4485 5.2 

 
 
 

Table 2. Prevalence of paratuberculosis in cattle in Mexican dairy farms by state. 
 

State Positive animals Total Average prevalence (%) Number of herds Prevalence range (%) 

Intensive      
Aguascalientes 13 147 9 7 0-29 
Chihuahua 13 714 2 15 0-7 
Coahuila 11 202 5 6 0-12 
Durango 3 222 1 7 0-10 
Guanajuato 14 147 10 4 2-22 
Hidalgo 36 379 9 16 0-50 
Querétaro 15 492 3 17 0-17 
      
Family-run      
Jalisco 64 565 11 24 0-42 

   
Dual-purpose      
Chiapas 6 509 1 20 0-14 
Sinaloa 18 319 6 10 0-18 
Veracruz 39 791 5 47 0-25 
Total 232 4487 5 173 0-50 

 
 
 
presence of cases were elaborated. Twenty-five percent of the 
herds were randomly selected to test the model accuracy. 
Environmental data used by maxent were: temperature and 
precipitation, and the 19 environmental variables from BIOCLIM 
with 2.5 min of resolution, converted to a common projection.  
 
 
RESULTS 
 
The overall herd seroprevalence of M. paratuberculosis in 
dairy cattle in Mexico was 48%, and the animal 
seroprevalence was 5% (range 0 to 50%). The highest 
animal prevalence was observed in the family-run system 
(11.3%), compared to the intensive (4.6%) and the 
double-purpose (3.9%) systems (Table 1). Results show 
that prevalence varies from state to state, from 1 to 11%, 
and in herds within a state, from 0 to 50% (Table 2). The 
highest prevalence was found in some herds in the State 
of Hidalgo (50%) which has a high density of dairy cattle 
(25000 dairy cattle) in 102 herds in the production 
complex "Tizayuca". This complex is characterized by the 
closeness of the farms, origin of replacement stock, 
national and international. According to herd size, 
prevalence was higher in herds of 200 to 300 cows (9.5%)  

and in farms using raw milk to feed calves (7.7%).  
In order to identify risk factors associated to 

prevalence, a logistic regression analysis was performed. 
Very few factors showed significant correlation (P<0.05); 
animals with positive serology to tuberculosis, OR=2.9 
(CI95% 1.9 to 4.2), animals grazing in open fields, OR=2.1 
(CI95% 1.1 to 4.2), and the production system: OR=2.4 
(CI95% 1.2 to 4.8) for dual-purpose and OR=4.5 (CI95% 3.1 
to 6.7) in family-run systems (Table 3). 

The spatial analysis to establish risk areas of 
paratuberculosis in dairy cattle showed that the highest 
risk is in the South Pacific region (over 6%), where the 
family-run system is located. In the Gulf of Mexico and 
central north regions, the prevalence is rather low, 0 to 
6% (Figure 1). It is worth mentioning that the Northwest 
and Southeast areas of the country were not sampled. 
Therefore, prediction does not cover the whole country.  

Figure 2, shows the ecological niche modeling 
(maxent) map with predicted relative habitat suitability for 
the presence of MAP. Habitat suitability increases from 
blue to yellow to red. The climatic variable with the 
highest prediction value in the model was seasonal 
temperature. The zones with favorable climatic conditions
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Table 3. Adjusted odds ratio for risk factors associated with the prevalence of dairy 
cattle paratuberculosis in Mexican dairy herds. 
 

Risk factor Category P OR 
95% CI 

Lower Upper 

History of tuberculosis No - - - - 
 Yes 0.000 2.9 1.9 4.2 
      
Feeding Concentrates - - - - 
 Open field Grazing 0.026 2.1 1.1 4.2 
      
Production system Intensive - - - - 
 Double purpose 0.017 2.4 1.2 4.8 
 Family run 0.000 4.5 3.1 6.7 

 
 
 

 
 
Figure 1. Predicted risk of paratuberculosis in dairy cattle in Mexico. 

 
 
 
such as temperature and humidity for the survival of the 
organisms show highest incidence. These areas include 
Sinaloa, a region formed by parts of Jalisco, Guanajuato 
and Aguascalientes, and La Laguna, which includes parts 
of Coahuila and Durango, and some parts of Chiapas.   
 
 
DISCUSSION 
 
The average prevalence rate of paratuberculosis in cattle 
used for milk  production  in  Mexico  was  5%.  This  pre- 

valence rate is similar to that obtained in some other 
parts of the world; 5% in the State of New York in the US 
(Obasanjo et al., 1997), 5.8% in England (Cetinkaya et 
al., 1997), but much lower than that reported in Michigan, 
also in the US (66%) (Johnson-Ifearulundu and Kaneene, 
1998) and Alberta, Canada, 9.1% (Scott et al., 2006). In 
Latin American and Caribbean countries, the prevalence 
rate ranges from 16% in cattle to 4.3 in sheep and goats 
(Fernández-Silva et al., 2014). 

Earlier reports of the prevalence of paratuberculosis 
varies: Salman  et  al.  (1990)  reported  a  prevalence  of 
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Figure 2. Predicted potential suitable areas for the presence of paratuberculosis in dairy cattle in 
Mexico. Areas in red indicate favorable conditions. 

 
 
 
46% in 8,100 dairy cattle from 110 premises in Baja 
California. Chávez et al. (2004) reported a low 
prevalence of 13% in fighting bulls in Veracruz (Morales, 
1994) while prevalence rates in dairy cattle and dual 
purpose cattle in Guanajuato were 30 and 25%, 
respectively (Santillán et al., 2003). An earlier report by 
Miranda (2005) in the Tizayuca dairy complex in the state 
of Hidalgo, indicated a prevalence rate of 8.8%, which is 
much lower than that shown in this study. The variation in 
the prevalence rate could be attributed to the low sample 
size in the earlier study as compared to this study survey.  

In general, the main differences between this results 
and those from other studies are the sample size and the 
number of herds included in the study. Most studies in 
Mexico are based on low sample sizes and smaller 
geographic areas, whereas this study involved 173 herds 
from 11 states, including cattle from three different milk 
production systems. The study did not randomize the 
sample, and included a more representative population in 
comparison with earlier studies.   

In this study, the highest prevalence was found in 
family-run systems (11.3%). This could be a 
consequence of the minimal use of technical services, 
such as veterinary support and technology. In addition, in 
this system cows are kept in production for longer periods 
of time (4.5 to 7 years) as opposed to the intensive 
system; therefore, there is a higher chance for developing 
this chronic disease. 

The low prevalence (4.6%) in the intensive production 
system could be the result of the high replacement rate in 
this population, the average life span of a cow in this 
system is about 3.5 years. Cattle in the dual purpose 
system had a prevalence of 3.9%. The low prevalence 

rate in this area could be attributed to the low density of 
cattle per Km and also the tropical conditions prevailing in 
this area may be detrimental to the survival of the 
organism.   

Results of the maxent model are shown in Figure 2. 
Habitat suitability for presence of M. paratuberculosis is 
observed in wide areas of the national territory, especially 
in the tropical, central and central north areas. However, 
maxent is a model that assumes random distribution of 
species, and in the present study the dairy herds are not 
randomly distributed. Therefore, this map should be 
taken with caution. The highest predicted habitat 
suitability in our study could be more the result of the 
location of human populations than environmental 
variables per se. 

The ability to rapidly diagnose and identify the 
causative agent are critical for combating diseases and 
stopping epidemics (Wadhwa et al., 2012; Kaur et al., 
2013). Recent technological developments have led to 
the proliferation of new and improved diagnostic tests 
that hold promise for a better management and control of 
infectious diseases (Wadhwa et al., 2014). New 
technologies such as microfluidics (Wadhwa et al., 2012) 
and “Lab-on- Chip” (Liu et al., 2011) are examples of 
promising new technologies with the potential to be used 
as a laboratory-free diagnostic devices for infectious 
diseases in animal husbandry.   

This study indicated that the prevalence of MAP in 
dairy cattle in Mexico is low compared to previous reports 
either from Mexico or from our neighboring and European 
countries. Therefore, a practical recommendation for 
national authorities in animal health is to take actions now 
to  reduce,  and  eventually  eliminate,  this  disease  from 



 
 
 
 
dairy cattle population before it spreads and prevalence 
increase. 
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