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Abstract 

   
Paratuberculosis is a bacterial disease that affects small and large ruminants and has an impact on the economy 

of the country in terms of production losses and cost of treatment and control. The objectives of this study were 

the diagnosis of Paratuberculosis or Johne's disease (JD) in goats of Lahore, Pakistan and a comparison of the 

two diagnostic techniques for Paratuberculosis. Part of the small intestines and associated mesenteric lymph 

nodes were collected randomly from goats of all ages and both sexes. Those samples were subjected to the 

Herrold's Egg Yolk Medium (HEYM) culture and DNA extraction followed by PCR and Ziehl-Neelsen's staining. 

Acid-fast bacilli were found in the tissues that showed the gross lesions of severe enteritis and lymphadenitis in 

the collected samples. Results showed that there was a clinical and subclinical infection. This study showed PCR 

more sensitive in the detection of Insertion Sequence (IS) 900 genomic fragment as compared to the HEYM 

culture.  
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Introduction 

Paratuberculosis is a chronic, contagious, fatal 

intestinal enteropathy of domesticated and wild 

ruminants caused by Mycobaterium avium subsp. 

paratuberculosis (MAP). It is an acid-fast organism 

known to infect primarily all ruminants and primates 

in the form of Crohn’s disease. It causes this fatal 

disease subclinically and later on clinically, which has 

a long incubation period of about one year or more. 

(Acharya et al., 2017) reported that the infection 

differs in different host species in a few aspects and 

results of the diagnostic tests also vary, although the 

agent is the same.  

 

The affected animal may shed the organism in feces in 

the late stages. Shooting or intermittent diarrhea is 

the main clinical feature in cattle and buffalo, but it is 

rare in goats (Begg and Whittington, 2020) as they 

are slaughtered at a younger age. MAP affects all the 

body tissues including mammary glands, milk, 

amniotic fluid, uterus and testicles. The organism can 

sustain in the environment without a host for a year 

and also can withstand high temperature. In most 

incidents of paratuberculosis, ruminants lead to loss 

of weight, low body condition score at the time of 

slaughter, culling at an early age and unavoidable low 

milk production (Busatto et al., 2019). Also 

unbearable economic losses in farm management like 

poor reproductive efficiency, inefficient feed 

conservation, low immunity, irregular reproductive 

health status (prolonged calving intervals, increased 

infertility rates) and animals not being cost-efficient, 

made it compulsory to research in the MAP field, 

additionally the fact that Mycobacterium avium 

paratuberculosis is the probable cause of Crohn’s 

disease and thought to be zoonotic (Eslami et al., 

2019) concluded that the uninterrupted spread of 

infection causes inevitable losses. 

 

The present study details the diagnosis of MAP in the 

small ruminant population of Lahore, Pakistan 

through the use of polymerase chain reaction (PCR). 

Also, the PCR is compared with the centuries-old 

tested and relied upon the gold standard of HEYM 

(Herrold’s Egg Yolk Medium) culture using the 

terminal small intestine samples and samples of the 

associated mesenteric lymph nodes (MLN) instead of 

milk, feces and blood samples (Chaudhry et al. 2012). 

The use of PCR for the diagnosis of M. 

paratuberculosis has improved the reliability of the 

diagnosis based on the discovery of specific genetic 

fragment IS900 as compared to the time-consuming 

culture technique (Grant et al., 2001). 

 

This meets the objectives of the study for early and 

reliable diagnosis of MAP through a comparatively 

advanced technique of PCR than culture and sees the 

prevalence of Johne’s disease in small ruminant’s 

population where its data is least reported 

(Karuppusamy et al., 2019). 

 

Materials and methods 

Collection of samples 

Total of five hundred (n=500) tissue samples i.e. 250 

terminal ileum samples and 250 associated 

mesenteric lymph nodes were collected, from goats of 

all ages and both sexes, from a slaughterhouse in 

Lahore. Tissue samples were collected in labeled 

specimen bags and transported in ice to the 

laboratory within an hour. There, a small piece of 

tissue was preserved in 10% neutral buffered formalin 

in labeled jars. These samples were processed in the 

Molecular Pathology Laboratory of the Department of 

Pathology, UVAS, in very fresh form, while the rest of 

the samples were stored in – 80 degree centigrade for 

future reference. Sample collection and processing 

were carried out for a year. 

 

Diagnosis of Mycobacterium paratuberculosis in 

small ruminants 

It was done by conventional methods i.e. Ziehl-

Neelsen’s staining and culture and advanced method 

polymerase chain reaction (PCR). 

 

Ziehl-Neelsen's (acid-fast) staining 

Smears were made on the slides using deep lesion 

material from intestinal lesions and the medullary 

region of lymph nodes. Processed for Ziehl-Neelsen’s 

staining immediately after reaching the lab (Green et 

al., 1989). 
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Culture 

Lesion material from all samples was inoculated on 

the slants Herrold’s Egg Yolk Medium with 

Mycobactin J as this separates MAP from the rest of 

the Mycobacteria species. The media was prepared as 

shown in the OIE Manual of Diagnostic Tests and 

Vaccines for the Terrestrial Animals, 5th Edition, 

2004. The cultured tubes were incubated at 37 °C for 

eight to twelve weeks. Colony characteristics and 

growth were recorded.  

 

The smears were made from cultures and stained by 

the ZN-Staining technique (Quinn et al. 1994) to 

confirm the acid-fast bacilli (Li et al., 2017). 

 

DNA extraction 

DNA was isolated from tissue with the help of 

GENTRA PUREGENE kit, manufactured in the USA 

which is a DNA purification kit. The method used was 

that of Meijer, (2005). 

 

Polymerase Chain Reaction (PCR) 

Using the following primer sequence for 

Mycobacterium paratuberculosis Insertion Sequence 

900 (IS), amplification was carried out by the method 

of Morales-Pablos et al. (2020) with some 

modifications. 

 

Forward: 5’GTTATTAACGACGCCCAGC3’  

Reverse: 5’ACGATGCTGTGTTGGGCGTTAG3’ 

 

Purified genomic DNA was subjected to PCR, 

targeting the Insertion Sequence (IS) 900 of M. 

paratuberculosis. To that end, a 50 µl reaction 

mixture was formulated, containing 5 µl 10X PCR 

buffer, 5 µl MgCl2, 5μl 2.5mM dNTPs, 0.5 μl 

AmpliTaq DNA polymerase, 2μl forward primer, 2μl 

reverse primer, 5μl DNA sample and 25.5μl distilled 

water, for each reaction. The cyclic parameters were 

94 ºC for 4 min followed by 35 cycles of denaturation 

at 93 ºC for 30 sec, annealing at 55 ºC for 30 sec and 

extension at 72 ºC for 30 sec and a final extension of 

72 ºC for 7 min. 

 

Gel electrophoresis 

The amplified DNA fragments were analyzed by 1.5% 

Agarose gel electrophoresis. Observed the bands of 

DNA under ultra-violet trans-illuminator (Okuni et 

al., 2020) compared with DNA marker ladder. 

 

Results 

Culture and polymerase chain reaction 

Out of 500 tissue samples, 250 were terminal small 

intestines (SI) and 250 were associated with 

mesenteric lymph nodes (MLN). Each sample was 

processed through both techniques of PCR and 

culture characteristics of M. paratuberculosis as 

shown in Table 1.  

 

Table 1. Colony characteristics of Mycobacterium paratuberculosis. 

Characteristics of M. paratuberculosis Characteristics shown 

Growth rate Very slow (up to 16 weeks) 

Optimal incubation temperature 37° C 

Atmospheric requirements Aerobic 

Colonial Features Small, hemispherical; some pigmented 

Essential growth supplement Mycobactin 

 

The selected primers were generating a 626 bp 

product for IS 900 of M. paratuberculosis as shown 

in Table 2.  ZN staining confirms the culture results 

under the microscope to see the positive and negative 

samples for the acid-fast bacillus as shown n Fig 2 

and Fig 3. 

 

Small intestine 

The culture of the small intestine showed fourteen  

(05.40%) positive samples out of 250. PCR of small 

intestine showed nineteen (07.6%) positive out of the 

same 250. Total Thirty Three (06.6%) samples 

appeared to be positive after all 500 tests (250 PCR 

and 250 culture examination) as shown in Table 3. 

 

Mesenteric lymph node 

The culture of 250 MLN samples demonstrated only 

twelve (4.80%) positive samples. PCR of seventeen 
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(6.80%) samples out of 250 MLN found to be positive 

for Mycobacterium avium subsp. Paratuberculosis. 

Twenty nine (05.80%) samples were found positive 

out of 500 tests (250 PCR and 250 culture 

examination). As shown from the Table 4, PCR of 250 

small intestines detected 17 such samples positive 

which HEYM culture could not detect and similarly 

out of 250 MLN samples again HEYM ran short for 12 

samples as PCR  detected 17 such samples positive 

that former could not. 

 

Table 2. The sequence of primers used. 

Direction Primer Sequence 

Forward: 5-GTTATTAACGACGCCCAGC-3 

Reverse: 5-ACGATGCTGTGTTGGGCGTTAG-3 

 

The samples of small intestine detected positive by 

the tests were both clinical chronic and subclinical 

carriers. Comparing the laboratory results with the 

gross findings of carcasses and ante-mortem 

examinations, 7 samples were chronic clinical cases, 4 

samples were subclinical and 4 found to be carriers 

(on gross examination they had no history of diarrhea 

ever, but they had been exposed to diarrhoeic 

animals). The MLNs samples were mostly chronic 

clinical and subclinical. 17 positive samples of MLN 

can be categorized as carriers based on the laboratory 

findings, no history of Johne's disease but exposure 

and grossly not with a good body condition score at 

ante-mortem. But HEYM could not detect one of 

them, PCR detected both of them as shown in Fig 4. 

Two were clinical with gross lesions present at ante-

mortem and postmortem, they are detected by both 

PCR and HEYM culture. 

 

Table 3. Result of small intestine samples in both techniques. 

Techniques used Positive Negative Total 

PCR 19 (7.60%) 231 250 

Culture 14 (5.40%) 236 250 

Total 33 (6.6%) 467 500 

 

Overall results are shown in Table 5, Out of these 

results, 250 MLN samples and 250 small intestine 

samples were from the same animals; the rests were 

different. 62 out of 500 samples were positive in all. 

438 samples were negative, although at the gross 

ante-mortem examination, almost all of them were 

emaciated, lethargic, diarrhoeic, or with a history of 

diarrhea but there could be other reasons than that of 

MAP and ZN staining. The acid-fast bacilli were 

found as bright or rose-red rods in the blue 

background. 

 

Table 4. Result of Mesenteric Lymph Node samples in both techniques. 

Techniques used Positive Negative Total 

PCR 17 (6.80%) 233 250 

Culture 12 (4.80%) 238 250 

Total 29 (5.8%) 471 500 

 

Discussion 

Out of 500 tissue samples, 250 were terminal small 

intestines (SI) and 250 were associated with 

mesenteric lymph nodes (MLN). The culture of the 

small intestine showed fourteen (05.40%) positive 

samples out of 250. PCR of small intestine showed 

nineteen (07.6%) positive out of the same 250. Total 

Thirty-Three (06.6%) samples appeared to be positive 

after all 500 tests (250 PCR and 250 culture 

examination). (Acharya et al. (2017) reported the 

similar findings in the sheep and goat. Our results are 

also in line with the findings of (Li et al., 2017). 
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Table 5. Showing overall positive results of the study. 

Total PCR Culture 

250  MLN 17 (6.80%) 12 (4.80%) 

250   SI 19 (7.60%) 14 (5.40%) 

Total 7.20% 

(36 Out of 500) 

5.20% 

(26 Out of 500) 

 

(Busatto et al. (2019) also reported that the PCR is 

more sensitive as compared to ZN staining for the 

diagnosis of Paratuberculosis. (Eslami et al., 2019) 

reported that prevalence of paratuberculosis was 19% 

by using PCR.  

Fig. 1. Mycobacterium avium subsp. 

paratuberculosis in ZN stained lymph tissue slide. 

 

The polymerase chain reaction was substantially 

different from the quick acid staining and single 

intradermal Johnin test (Busatto et al., 2019). (Begg 

and Whittington, 2020) noticed that PCR is more 

sensitive than the bacterial suspension and the testing 

of the smear. (Karuppusamy et al., 2019) revealed 

that only a slight proportion of DNA was required for 

PCR and that the purity of the sample was not always 

critical. The specific PCR-based detection of MAP was 

extremely specific and sensitive.  

 

The polymerase chain reaction was capable of 

detecting specimens that were both culture-negative 

and detected DNA phentograms (Okuni et al., 2020). 

(Acharya et al., 2017) examined PCR blood as a rapid, 

extremely responsive, and accurate test for MAP 

infection at any point and age of the goat.  

Fig. 2. Mycobacterium avium subsp. 

paratuberculosis in ZN stained culture slide. 

 

The observations of these prior workers offer a valid 

interpretation of the effects of this research. 

Outcomes of the study have shown that the culture of 

250 MLN samples demonstrated only twelve (4.80%) 

positive samples. PCR of seventeen (6.80%) samples 

out of 250 MLN found to be positive for 

Mycobacterium avium subsp. Paratuberculosis. 

Twenty-nine (05.80%) samples were found positive 

out of 500 tests (250 PCR and 250 culture 

examination).  

 

The single intradermal Johnin test is ranked as the 

second-best test after PCR for the diagnosis of MAP. 

Accordingly, it is inferred from the observations made 

in this study that PCR is the best diagnostic method 

tested for early diagnosis of paratuberculosis in goats, 

for successful slaughter, and hence for the 

management of paratuberculosis in goats. 
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Fig. 3. Results of PCR showing 626 base pair samples of Mycobacterium avium subsp. pratuberculosis. 

 

M Marker (250 bp) 

+C Positive Control (From field ileal tissue sample) 

- C Negative Control 

S1 & S2  Positive sample 1 and 2. 
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