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The objective of the work was to evaluate two ELISA’s for the detection of anti-Map antibodies. 460 
serum and fecal samples of bovines (n=267), ovines (n=140), and goats (n=53) were evaluated. Serums 
were used for detecting anti-Map antibodies using two different ELISAs, one in-house ELISA made with 
low-molecular weight proteins (<100 kD) from the antigen ultra-filtrate of Map strain 3065, and a 
commercial ELISA for paratuberculosis diagnostics. DNA was extracted from faeces to carry out PCR-N 
IS900. Sensitivity (Se), specificity (E) and Kappa (K) were calculated to estimate concordance between 
tests. The in-house ELISA made from low-weight map proteins showed a Se of 87%, E of 96% and K of 
0.85, while the commercial ELISA showed Se=55%, E=97% and K=0.576, when compared to the PCR-N 
IS900 test. When comparing both ELISAs, Se was 50%, E was 97%, and K= 0.393. The in-house ELISA 
made from <100 kD proteins had a better Se and E than the commercial ELISA; concordance between 
them was low. Low-weight proteins (<100 kD) obtained from the antigen ultra-filtrate of Map strain 3065 
are a good candidate for using as antigen in ELISA for the diagnosis of Johne’s disease  
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INTRODUCTION 
 

Johne’s disease is a chronic disease that affects 
domestic ruminants causing granulomatous enteritis. The 
etiological agent is Mycobacterium avium subsp. 
paratuberculosis (Map). Infection with Map is 
predominantly subclinical; livestock producers realize the 
presence of the disease when diarrhea and emaciation 
become apparent (Bates et al., 2019, Fry et al., 2008; 
Eda et  al.,  2006).  Johne´s  disease   has   an  important 

impact on animal production by generating a reduction in 
milk and meat production, early discarding of animals and 
low fertility with predisposition for mastitis (Eda et al., 
2006). With this disease, carcasses have a lower 
commercial value and there is an increase in control 
program costs (Soto et al., 2002). Mycobacterium avium 
subsp. paratuberculosis is excreted intermittently, and 
animals  are   infected   by   consuming   feed  and  water 
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contaminated with paratuberculous microorganisms shed 
by infected animals. Mycobacterium avium subsp. 
paratuberculosis concentration in faeces may surpass 
10

8 
colony forming units (CFU)/g (Valentin; 2002).Young 

animals less than six months of age are the most 
susceptible to infection, calves that are in subclinical 
stages of the disease shed the bacilli in faeces without 
showing the characteristic signs of the disease (Park et  
al., 2006). 

The disease distribution is worldwide, especially in 
domestic ruminants confined rearing conditions; 
prevalence of the disease varies between 5 and 55%  
(Mathevon et al., 2017; Martínez et al., 2012; Pinedo et 
al., 2008; Park et al., 2006).  

Transversal epidemiological studies have been carried 
out in states of the Mexican Republic (Chihuahua, 
Aguascalientes, Coahuila, Durango, Guanajuato, 
Hidalgo, Querétaro, Sinaloa, Jalisco, Chiapas, Veracruz, 
San Luis Potosí, Puebla) in units livestock production of 
cattle, sheep and goats, to determine the health status in 
relation to Johne´s disease of herds and flocks, the 
results obtained show that the disease is distributed 
throughout the country and the individual prevalence 
ranges from 1 to 32.37%, livestock production unit it is 
from 1 to 88.87% (Gallaga et al., 2017, Guzmán et al., 
2016; Milián-Suazo et al., 2015, Morón-Cedillo et al., 
2015). 

Diagnosis of Johne’s disease in domestic ruminants is 
done through methods based on the detection of the 
bacillus in faecal samples or the detection of antibodies in 
serum or milk samples (Chaubey et al., 2019).  

Cell-mediated immunity decreases with the progression 
of the disease and when this happens, humoral immunity 
becomes measurable and can be detected by serological 
tests (Mon et al., 2012, Shin et al., 2008). Among the 
available tests for determining antibodies against Map the 
most used are based on Enzyme-Linked Immunoassays 
(ELISA). There are several commercial ELISA tests 
available in the market and many studies have 
determined their sensitivity and specificity, which range 
between 45 to 80% and 80 to 90%, respectively 
(Chaubey et al., 2019 Mathevon et al.,2017, Speer et al., 
2006, Klausen et al., 2003). ELISAs are considered a 
good option for diagnosing Johne’s disease because it is 
easy to implement in the laboratory, results are obtained 
rather quickly, and their interpretation is simple. 
Nevertheless, there are several limiting factors for their 
implementation or use in animal health diagnostics 
laboratory such as high cost and importation times 
(Martinez et al., 2012). Johne’s disease serological 
diagnosis by ELISA uses PPA-3 protoplasmic antigen 
obtained from M. avium strain 18. Currently, a mixture of 
proteins is used which includes the sonicated extract of 
purified Map antigen and protoplasmic antigens obtained 
from Map strains. Through sequencing and whole-
genome analysis of Map, several  specific  proteins  have  
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been detected, which are considered immunoreactive 
and viable candidates for their use as antigens in 
serological tests to detect anti-Map antibodies (Mon et 
al., 2012). The use of antigenic protein cocktails or low 
molecular weight polyproteins obtained from Map, that 
have specific epitopes can be an interesting alternative to 
increase the possibility of detecting infected animals, that 
are in various stages of the disease, especially during 
subclinical phases of the infection, when shedding of Map 
via feces and the immune response are not so evident 
(Moyano et al., 2021).  

The objective of this study was to evaluate and 
compare two different ELISAs for detecting anti-Map 
antibodies. 
 
 
MATERIAL AND METHODS 
 
Extraction of low molecular weight proteins through ultra-
filtration of Map antigens 
 
A total of 10 mg of antigen from Map strain 3065 were weighed and 
dissolved in 10 mL of milli-Q water. The solution was placed in an 
Amicon Ultra-100 filtration tube and centrifuged for 20 min at 4500 
rpm. The ultracentrifuged material was placed in 15 mL falcon 
tubes and frozen at -20°C (Torres, 2015).  
 
 
Western and immunoblot 
 
Vertical electrophoresis was done using 12% polyacrylamide gels 
(SDS-PAGE) placing 25 µL (15 µg) of ultra-centrifuged Map in each 
well. Gels were run at 80 V for 4.5 h at 4ºC. For immunoblot, the 
12% SDS-PAGE gel was transferred to a Poly-vinylidene Difluoride 
membrane (PVDF/045 m). Bovine serum confirmed as positive by 
PCR and culture to Johne’s disease was used as first antibody at a 
1:100 dilution. Reaction blocking was done with 3% milk and 
incubated for 1 h at ambient temperature with shaking. Afterwards, 
four washes for 5 min were carried out with Tween 20-Phosphate 
solution at pH 7.2, and a final wash with phosphate buffer solution 
at pH 7.2. A horseradish peroxidase marked (HRP) bovine anti-IgG 
conjugate was used as second antibody at a 1:10,000 dilution 
incubated for 30 min at ambient temperature. This was followed by 
four washes for 5 min with Tween 20-Phosphate solution at pH 7.2, 
a final wash with Phosphate buffer at pH 7.2 and revealed with 
diaminobenzidine (DAB) (Torres, 2015).  
 

 
Sample size 
 
460 serum and fecal samples, were worked coming from bovines, 
ovines and goats from the States of Morelos (33 ovines, 32 
bovines), Jalisco (28 ovines, 30 bovines and 34 goats), Puebla (27 
ovines), State of Mexico (21 ovines, 71 bovines), Guanajuato (35 
ovines, 36 bovines and 17 goats), Colima (12 bovines), Hidalgo (10 
bovines), Coahuila (20 bovines), Aguascalientes (10 bovines), 
Zacatecas (20 bovines), and Yucatan (24 bovines). Samples were 
collected during 2018 and 2019 from animals of farms that 
accepted to be part of the study. Sample size was estimated using 
Levy’s proportional formula (Levy’s and Lemeshow, 1980) using a 
prevalence for Johne’s disease of 10%, 1% error, and 95% 
confidence level. All the herds and flocks included in the study had 
a previous  clinical  history  of  Johne´s disease (>25% prevalence). 
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Figure 1. Immunoblot from the transfer of 12% SDS-PAGE gel 
to a Polyvinylidene Difluoride membrane (PVDF/ 0.45 m). Lane 
1-7: Ultrafiltered Map antigen showing low molecular weight 
immunodominant proteins (35, 40 and 55 kD); Lane 8: Molecular 
weight marker (Torres, 2015).  

 
 
 

Blood samples from bovines were obtained from the coccygeal 
vein, while in ovines and goats from the jugular vein, using 
vacutainer tubes without anticoagulant. Samples were centrifuged 
at 3500 rpm for five min; serum transferred to 1.5 ml tubes and 
stored at -20°C until used. Feces were taken directly from the 
rectum using rectal long gloves and stored at -20°C.  

 
 
Enzyme-linked immunoassay (ELISA) 
 
Once the low molecular weight proteins (<100 kD) were obtained 
from the Map strain 3065 antigen, they were fixed to wells of ELISA 
microplates following the protocol described in Martinez et al. 
(2012). Serums were evaluated using in-house ELISA containing 
ultrafiltered protoplasmic antigen from Map strain 3065 with the 
following concentrations, antigen 8.653 µg/100 µl, serum 1:160 and 
HRP-labeled bovine anti-IgG 1:10,000. Commercial positive and 
negative control serums were used. The cut-off point for the in-
house ELISAMap 3065 to differentiate between positive and 
negative animals ones was set at 0.20 OD (optical densities). The 
commercial anti-Map ELISA was processed according to 
manufacturer’s instructions.  

 
 
DNA extraction and IS900 nested polymerase chain reaction 
(PCR-N IS900) 
 
DNA extraction from feces and the PCR-N IS900 were carried out 
following the protocol described in Jaimes et al. (2008).  
 
 
Statistical analysis 
 
Results were analyzed using a Kappa test to measure the 
concordance between each ELISA and the PCR-N IS900. 
Pearson’s X

2
 test was used to  determine  differences  between  the  

 
 
 
 
diagnostic methods. All tests were carried out using the STATA 
7®software.  

 
 
RESULTS 
 

Immunoblot 
 
Immunoblot of the ultrafiltered Map 3065 antigen showed 
a profile composed of immunodominant proteins of 35, 40 
and 55 kD (Figure 1). 
 
 

Enzyme-linked immunoassay (ELISA) and PCR-N 
IS900 
 
The in-house ELISA 3065 made from low molecular 
weight Map protein detected 142 (30%) of serums as 
positives, while the commercial ELISA detected 94 
(20%). Using PCR-N IS900, a 210 bp amplicon of the 
Map-specific IS900 region was detected in a total of 151 
samples (Table 1).  

The PCR-N IS900 test was used as confirmatory to 
determine the concordance with the two ELISAs. The in-
house ELISA 3065 had a greater sensitivity (87%) than 
the commercial ELISA (55%), while the specificity was 
relatively similar (96% versus 97%, respectively). The 
Kappa concordance value between PCR-N IS900 and in-
house ELISA 3065 was considered good (0.850), while 
that of the commercial ELISA was considered moderate 
(0.576). When comparing between the ELISAs, sensitivity 
decreased to 50%, albeit specificity remained high (97%), 
and Kappa reached 0.393 (Tables 2 and 3). 
 
 
DISCUSSION 
 
The results obtained with this study show that an in-
house ELISA made from low molecular weight proteins of 
the Map 3065 strain has 87% sensitivity and 96% 
specificity, while a commercial ELISA had 55 and 97%, 
respectively. This agrees with previous studies by some 
authors that have evaluated antigens for their use in 
ELISAs for the diagnosis of Johne’s disease and reported 
sensitivity ranging from 30 to 80% and specificity 
between 80 and 98% (Mathevon et al., 2017; Fry et al., 
2008). When comparing both ELISAs, sensitivity 
decreased to 50% although specificity remained high at 
97%, and both positive and negative predictive values 
remained above 80%.  

It is important to point out that the predictive value is 
associated with the sensitivity and specificity of the test, 
as well as being highly dependent on the disease 
prevalence in the population where the test is applied 
(Martínez et al., 2012, Clark et al., 2008, Kokuina et al., 
2006) The positive and negative predictive values, 
obtained with the in-house ELISA Map 3065 in this study,  
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Table 1. ELISAs and PCR-N IS900 of samples in this study. 
 

Test Positive Negative Total 

In-house ELISA 3065 142 318 460 

Commercial Elisa 94 366 460 

PCR-N IS900 151 309 460 
 

STATA 7® software. 

 
 
 

Table 2. Sensitivity (Se), specificity (E), and Pearson’s x
2 

of in-house ELISA 3065, commercial 
ELISA and PCR-N IS900. 
 

Test Se (%) E (%) x
2
 

PCR-N IS900 vs. In-house ELISA 3065 87 96 0.000 

PCR-N IS900 vs. commercial ELISA 55 97 0.000 

In-house ELISA 3065 vs. commercial ELISA 50 97 0.000 
 

STATA 7® software. 

 
 
 

Table 3. Kappa (K), positive predictive value (VP+), and negative predictive value (VP-) of in-house ELISA 3065, 
commercial ELISA and PCR-N. 
 

Test K VP + (%) VP – (%) IC 95% 

PCR-N vs. In-house ELISA 3065 0.851 92 94 0.798-0.902 

PCR-N vs. commercial ELISA 0.576 89 81 0.491-0.663 

In-house ELISA 3065 vs. commercial ELISA  0.393 86 83 0.434-0.626 
 

STATA 7® software. 

 
 
 
are considered high, these contribute to a good sensitivity 
and high specificity, which allows detecting animals that 
are infected with Map. 

The commercial ELISA had a sensitivity and specificity 
within the expected ranges. It must be noted that the 
some ELISA test systems used to detect anti-Map 
antibodies have different cutoff points depending on the 
country of manufacturing and region where the test was 
standardized; therefore it varies from 0.25 to 0.7 optical 
densities (OD). Since this affects sensitivity, whenever a 
commercial anti-Map antibody ELISA test system is to be 
implemented, it is important to be aware of the cutoff 
value and adjust it according to the prevalence of Johne’s 
disease in the region (Clark et al., 2008; Fajardo et al., 
1994). The cut-off point determined for the in-house 
ELISA Map 3065 was 0.20 OD, which allowed detecting 
greater quantity of infected animals that were also 
positive for  nested PCR; with this, the sensitivity of the 
test was greater in animals that were beginning to show 
clinical signs of the disease; by using a cut-off point 
greater than 0.25 OD, there is the possibility to obtain a 
false-negative result, keeping infected animals in the herd 
that will eventually develop the disease. 

It is thought that the early immune response against Map 
infection in primarily based on cellular immunity that is 
characterized by the production of interferon gamma, 
followed by antibody production as disease progresses. A 
study by Waters et al. (2003) showed that antibodies do 
appear in early stages of Map infection; therefore ELISA 
could be used as an early diagnostic tool.  

To improve the sensitivity and specificity of serological 
tests well-defined antigens must be identified. Mon et al. 
(2012) evaluated a Map antigen panel for selecting 
candidates for Johne’s disease diagnosis, detecting a 
total of 54 recombinant proteins of which seven (Map 
2513, 1693, 2020, 0038, 1272, 0209c and 0210c), with 
molecular weights between 25 and 790 kD, were 
evaluated in ELISA obtaining sensitivities and 
specificities above 75%. Moyano et al. (2021) and 
Chaubey et al. (2019) used Map recombinant and low 
molecular weight polyproteins in an ELISA to evaluate 
serums of goats, buffaloes and cattle obtaining sensitivity 
between 70 and 95%, and specificity between 80 and 
97%, which are similar to the results in this study. The in-
house ELISA made from ultrafiltered Map antigen from 
strain 3065 (<100 kD proteins) can be  an  option  for  the  
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diagnosis of Johne’s disease since the sensitivity and 
specificity were of 87 and 93%, respectively. It is thought 
that ELISA can detect between 30 and 40% of the 
ruminants identified as infected by bacteriological culture 
of Map. Bacteriological culture is considered as the 
confirmatory test for the diagnosis of Johne’s disease but 
has many limiting factors such as a long incubation 
period (> 12 weeks), and contamination of cultures by 
fungi. As such, PCR can be used as the confirmatory 
tests since it allows the detection of a greater number of 
animals positive to the disease. PCR is capable of DNA 
detection of viable and unviable bacteria and the 
turnaround time for the results in this test is much quicker 
(Martínez et al., 2012). The IS900 marker is considered 
the standard for endpoint PCR and Q-PCR since there 
are between 14 and 20 copies of the sequence within the 
mycobacterium genome improving the sensitivity for 
detecting Map. To increase specificity when using 
primers for IS900, these should be designed so that they 
amplify regions that are close to the 5’ end of this 
inserted sequence since it is highly conserved (Cook and 
Britt, 2007). PCR-N IS900 was used in this study which 
detected a greater number of positive animals helping 
concordance with the low molecular weight Map proteins 
to be high and that positive and negative predictive 
values reach above 90%. Johne’s disease in domestic 
ruminants has a wide spectrum of immunological and 
pathological stages associated with the various phases of 
infection. Therefore, the sensitivity of ELISA tests for 
detecting anti-Map antibodies varies according to the 
disease stage: Low in early and subclinical stages; the 
level of bacterial shedding in feces and the age of the 
animals (Moyano et al., 2021). In this sense, no single 
antigen would be able to detect all infected animals which 
present an important challenge in the selection of 
antigens adequate for developing diagnostic techniques 
for the detection of Johne’s disease in livestock. Thus, 
the use of a mixture of low molecular weight antigenic 
proteins could be an interesting alternative for the 
development of serological tests because the increase of 
epitopes increases the possibility of detecting animals in 
differing stages of infection (Moyano et al., 2021; 
Chaubey et al., 2019; Mon et  al., 2012; Shin et al., 
2008). The immunoblot of the ultrafiltered Map strain 
3065 antigen for determining immunodominant proteins, 
showed a profile containing proteins of 35, 40 and 55 kD. 
This shows that proteins used as antigens are weighing 
less than 100 kD (Torres, 2015). Current research on 
mycobacteriosis center on the evaluation of low 
molecular weight protein antigens. These antigens, since 
they are highly specific, are viable candidates for their 
use in diagnostic tests for detecting animals with Johne’s 
disease. Low molecular weight antigens have been 
previously used in serological diagnostic techniques such 
as ELISA and Fluorescence Polarized (FPA), showing 
high   sensitivity   and   specificity   for    both   techniques 

 
 
 
 
(Chaubey et al., 2016; Beck et al., 2005). 
 
 
Conclusion 
 
These results indicate that the established in-house 
ELISA Map 3065 detects antibodies specific to Map with 
high specificity and sensitivity and is a useful tool for the 
screening of Johne's disease. 

Low molecular weight proteins (<100 kD) obtained from 
the ultrafiltered protoplasmic antigen of Map strain 3065 
are a good candidate for their use as antigen in ELISA for 
diagnosing Johne’s disease and thus have a tool that can 
help in the implementation of health control monitoring 
program in herds. Considering that the diagnosis of the 
disease should be carried out with a serological test and 
a confirmatory one such as PCR or culture.  
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