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ABSTRACT

 Raw milk samples of 503 individual 
buffaloes were collected from dairy farms located 
in Agra and Mathura cities in North India. 
Multiple tests {Indirect Fluorescent Agglutination 
test (i_FAT), IS900 PCR, Microscopy, Indigenous 
ELISA kit (i_ELISA), Dot-ELISA (d_ELISA) and 
Latex agglutination test (LAT)} based bio-load 
and bio-type profile of Mycobacterium avium 
subspecies paratuberculosis (MAP) was studied. 
Cumulatively average bio-load was 61.2% using 
three antigen and three antibody based. In i_FAT, 
IS900 PCR and microscopy, 43.5, 13.3 and 40.9% 
milk were positive for MAP, respectively. Whereas, 
32.8, 49.3 and 44.1% milk samples were positive 
in i_ELISA, d_ELISA and LAT, respectively. 
Bio-typing of representative milk samples using 
IS900 PCR positive raw milk (67), 13.4% were 
infected with 'Indian Bison Type' biotype using 
IS1311 PCR_REA. Study concluded that 'Indian 
Bison type' was the predominant bio-type infecting 
lactating buffaloes of this region. Raw milk was 
highly convenient sample in buffaloes and 'milk 
samples' were first time screened without initial 
processing of milk samples. Detection limits of 
each tests was improved. Results of five tests (d_
ELISA, LAT, i_ELISA, microscopy, i_FAT were 

comparable, except IS900 PCR. High bio-load of 
MAP in milk of buffaloes was major health hazard 
for human health. High bio-load of MAP was 
alarming and calls for initiation of Johne's disease 
control programs in the country.
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INTRODUCTION

Mycobacterium avium subspecies 
paratuberculosis (MAP), the cause of Johne's 
disease (JD) in ruminants is endemic in domestic 
livestock population and is also a strong candidate 
for inflammatory bowel disease (Crohn's disease) 
in humans (Singh et al., 2008a; Chiodini et al., 
2012). Early estimation of the bio-load of MAP is 
critical for the control of disease in the dairy farms 
(Eamens et al., 2000) and bovine population of the 
country. MAP infection leads to serious economic 
loss to the dairy industry by decreased milk yield, 
low feed conversion efficiency, lowered fertility, 
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etc., (Garcia and Shalloo, 2015), which leads to low 
per animal productivity and is a major problem 
faced by Indian livestock (Singh et al., 2016a).

Bovine milk is major source of human 
exposure to MAP (Gill et al., 2011) and raw milk 
is frequently used in herbal medicines in this part 
of the world (Tursun et al., 2015). Studies have 
showed that pasteurizational processes can lead to 
a significant decrease of MAP in milk and dairy 
products (Gill et al., 2011; Okura et al., 2012). 
However, few reports addressed the survival 
abilities of MAP bacilli in raw milk, pasteurized 
milk and dairy products (Shankar et al., 2010; 
Raghuvanshi et al., 2014) since MAP is not in-
activated during pasteurization (D'haese et al., 
2005). High bio-load of MAP in raw milk could 
lead to contamination of dairy products (Gill et al., 
2011). Many workers (Eltholth et al., 2009; Okura 
et al., 2012; Botsaris et al., 2016) reported presence 
of live MAP in raw and pasteurized liquid milk, 
cheese, and other dairy products made from 
bovine milk and sold in retail market, is serious 
risk to the consumers. Consumption of milk and 
milk based products made from milk of infected 
animals is the source for transmission of MAP to 
human population (Chaubey et al., 2017; Corti and 
Stephan, 2002; Stabel et al., 2002). Dormant MAP 
bacilli or dead cells and structural components of 
MAP also reported to cause health risks (Malli, 
2010).

India is the highest milk producer in the 
world with >143 million tonnes of milk per year 
(FAO, 2016). Buffalo population in the country 
has shown increasing trend in last 70 years. All 
low or un-productive buffaloes go for slaughter 
for meat production. Despite high slaughter rate 
per buffalo production is very low. Since buffalo 
is Asian animal, there is not a single study that 
report economic losses due to MAP infection. 

Though, several studies (Tiwari et al., 2008; Fodor 
et al., 2014) have reported high economic losses 
(EUR 35-165 per cow) in cows. Singh et al. (2014) 
reported consistent increase in the bio-load of 
MAP in the domestic livestock population every 
5 yearly interval in past 32 years (1985 to 2017). 
In the absence of rapid, cost effective and sensitive 
‘indigenous diagnostic’ test or kits MAP continues 
to infect large number of naive buffaloes (Chaubey 
et al., 2016). 

For estimating bio-load of MAP, use of 
multiple tests has been recommended since no 
single test can accurately detect MAP infection in 
animals (Collins et al., 2005; Singh et al., 2014). 
Microscopy, indigenous  ELISA (p-ELISA) and 
IS900 PCR have been frequently used for the 
diagnosis (Nielsen and Toft, 2014; Garg et al., 2015) 
and all three tests have shown high sensitivity 
and specificity (Stabel et al., 2002; Collins et al., 
2005; Sharma et al., 2008). Recently we have 
standardized, Indigenous dot-ELISA (d_ELISA), 
indirect Fluorescent antibody test (i_FAT) and 
Latex agglutination test (LAT) for the detection of 
MAP in milk samples (Singh et al., 2016b; Singh et 
al., 2016c; Singh et al., 2016d) and were employed 
for the screening of raw milk samples in this study. 
Tests were useful in confirming the presence of 
MAP in lactating buffaloes. Present study estimated 
bio-load and bio-type profile of MAP in raw milk 
of lactating buffaloes using multiple diagnostic 
tests (microscopy, IS900 PCR, indigenous ELISA 
kit, IS1311 PCR, culture) and newly standardized 
tests (dot-ELISA, Latex agglutination test and 
indirect Fluorescent antibody test). Bio-type profile 
of MAP was studied using IS1311 PCR_RE in 
IS900 PCR positive milk in milk samples. Culture 
of representative milk samples was performed to 
know the presence of live MAP bacilli in the milk 
of lactating buffaloes. 
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MATERIALS AND METHODS

Collection and processing of milk
 Table 1, shows profile of 503 raw milk 
samples collected from buffaloes belonging to farm 
and farmer’s herds in Uttar Pradesh (Mathura-349, 
Agra-154) in North India. Un-like earlier studies 
(Stephan et al., 2016), wherein milk samples were 
first centrifuged to concentrate the MAP bacilli by 
spinning at 4000 rpm for 45 minutes. First time in 
this study, ‘whole milk’ of buffaloes was used as 
‘test sample’. Using traditional (microscopy, IS900 
PCR, i_ELISA) and newly standardized tests 
(d_ELISA, LAT and i_FAT), 465 milk samples 
were screened by each of six tests. To know bio-
type profile and presence of live bacilli in raw 
milk of goats, IS1311 PCR_RE and culture were 
used, respectively. Each individual buffalo was 
represented by one milk sample. 

Acid Fast Staining (Microscopy):
  Smears made from 20 µl of whole milk, 
heat fixed, stained by Ziehl Neelsen method (Singh 
et al., 2008b) and examined for acid-fast bacilli 
(AFB) indistinguishable to MAP (Figure 1).

Indirect fluorescent antibody test (i_FAT)Tissue 
based i_FAT (D’ Haese et al., 2005) was modified 
and standardized in milk samples by Singh et al. 
(2016b and 2018). Slides positive for MAP infection 
exhibited green fluorescence (Figure 2).

DNA isolation DNA isolation from buffaloes’ 
raw milk was carried out as per van Soolingen et 
al. (1991) with some modifications (Singh et al., 
2018).

IS900 PCRDNA isolated from whole milk was 

subjected to specific IS900 PCR using 150C and 
921 primers of Vary et al. (1990). Presence and yield 
of specific PCR product (229bp) was considered as 
positive for MAP infection (Figure 3).

IS1311 PCR and restriction endonuclease 
analysis (IS1311 PCR _REA)IS1311 PCR of 
IS900 PCR positive DNA samples was performed 
using M56 and M119 primers as per Sevilla et al. 
(2005) (Figure 4). 

CultureIS900 PCR positive milk samples were 
cultured by decontaminating 1.0 mL of whole milk 
in 0.9% hexa-decylpyridinium chloride (HPC) 
for 18 hours at room temperature. From 1.0 mL 
sediment, 0.02 mL residual mucilaginous sludge 
was inoculated on the modified Herrold’s egg yolk 
medium (HEYM) (Merkal and Richards, 1972; 
Whipple et al., 1991) with Mycobactin J (Allied 
Monitor Inc., MO, USA). Tubes were screened 
weekly up to 20 months for the appearance of 
typical MAP colonies (Singh and Vihan, 2004).

Indigenous plate ELISA test (i_ELISA)
 Test was performed as per Singh et al. 
(2016c and 2018) and sample (100 µl of raw milk 
diluted in 1X PBST with 1.0% BSA in ratio of 
1:1) was added in duplicate wells. Absorbance 
was read at 450 nm in micro-plate reader (i-Mark, 
Biorad). Milk from weak and culture positive and 
healthy and culture negative buffaloes were used as 
positive and negative controls, respectively.

Analysis of OD values
 Optical densities (OD) were expressed as 
sample-to-positive (S/P) ratios (Collins, 2002), 
indicating corresponding status of JD in buffaloes 
milk used in this study. Samples in low positive 
(LP), positive (P) and strong positive (SP) categories 
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were considered as positive for MAP infection. 

Dot- ELISA (d_ELISA)
 Test was performed as per Singh et al. 
(2016c). Positive and negative controls used in i_
ELISA were coated on two legs of each comb to 
help in reading the results (Figure 5).

Latex agglutination test (LAT)
 LAT was used as per Singh et al. (2016d 
and 2018). Milk sample was considered positive, 
if agglutination was observed within 2 minutes and 
negative if no agglutination in 2 minutes (Figure 
6).

Statistical analysis
 Buffalo positive in any one of the six 
tests was considered positive for MAP infection. 
Statistical significance between two tests was 
measured. Mc Nemar's test and kappa agreement 
methods applied using Graph Pad software, 
USA. Sensitivity and specificity of the tests was 
estimated by Med-Calc software, Belgium.

RESULTS

 Of 503 buffaloes milk samples screened, 
cumulatively average bio-load was 61.2% using six 
(three antigen and three antibody detection tests) 
tests (Table 1). 

Of the 503 milk samples from buffaloes 
screened by antigen detection tests, 40.9, 43.5 
and 13.3% were positive in microscopy i_FAT, 
and IS900 PCR respectively. Together 45.3% 
milk samples were positive in atleast one of the 
three tests and 6.1% were detected exclusively in 
single test (i_FAT - 4.3% and microscopy - 1.7%). 
Agreement in the three test combination was 

93.9% (Table 2). 
 In antibody detection tests, 32.8, 49.3 and 
44.1% milk were positive in i_ELISA, d_ELISA 
and LAT, respectively. Three tests together 
detected 57.0% milk samples positive and 11.5% 
were positive exclusively by single test (d_ELISA 
- 3.7%, LAT - 7.7%). Agreement in three test 
combination was 88.5%, (Table 3). 
 Total samples n -503; (-): Denotes the 
negative samples in individual test of that particular 
test combination; (+): Denotes the positive samples 
in individual test of that particular test combination; 
1-27: Maximum permutation and combinations 
possible in 6 test regimen; Total-n: Represents 
only total positive samples in that particular test 
combination.

Together 61.2% milk were positive 
in atleast one of the six tests and 5.1% were 
positive exclusively in single test (i_FAT - 0.4%, 
microscopy - 0.6%, d_ELISA - 2.3% and LAT - 
1.6% and 0.2% in i_ELISA) (Table 4). Agreement 
in six test combination was 94.9%. Study showed 
that of 61.2% positive raw buffaloes milk samples 
positive in six tests combinations, majority 
(56.1%) were detected positive in more than one 
test combination. Combinations of six, five, four, 
three and two tests combinations detected 6.5, 
17.9, 12.3, 7.7, 15.1 and 5.1% milk samples positive, 
respectively (Table 4).

Culture though ‘Gold standard’ can 
neither be a routine screening test nor was included 
for comparison purpose in this study. However, 
of the total 503 raw milk representative (67) 
buffaloes  were screened by culture for primary 
isolation of MAP on HEY medium supplemented 
with Mycobactin J. Typical MAP colonies were 
observed in 17.9% milk of buffaloes at the end of 6 
months of incubation at 37ºC.
 Of 503 milk screened statistically, kappa 
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Table 1. Profile of raw milk samples (n - 503) collected from farm and farmer's herds in North India for 
screening against Mycobacterium avium subspecies paratuberculosis infection. 

Sn
Geographical Regions / 

Districts
Places

Buffaloes 
milk, n

Positive / % (n)

1 Mathura, Uttar Pradesh

Jhandipur and Shahpur 40 60.0 (24)
Mathura city 34 61.7 (21)
Farah and nearby villages 189 60.8 (115)
Makhdoom village 86 59.3 (51)

2 Agra, Uttar Pradesh Agra city 154 62.9 (97)
Total 503 61.2 (308)

Table 2. Comparison antigen detection tests in raw milk of individual buffaloes (n-503).

Diagnostic 
tests

Antigen detection tests
Total Test combinations

1 2 3 4 5 6 7 8
i_FAT + - + + - + - - 43.5 (219)
Microscopy + - + - + - + - 40.9 (206)
IS900 PCR + - - + + - - + 13.3 (67)

Total n (%) 13.3 (67) 54.6 (275) 25.8 (130) 0 0 4.3 (22) 1.7 (9) 0 45.3 (228)
*Figures in parenthesis are percent, Total samples (n) =503, (-) - negative, (+) – Positive.
Antigen based tests detected 45.3% (228/503) milk samples positive or buffaloes positive for MAP infection.

Table 3. Comparison antibody detection tests in raw milk of individual buffaloes (n-503).

Diagnostic 
Tests

Antibody detection tests
Total Test combinations

1 2 3 4 5 6 7 8
i_ELISA + - - + + - - + 32.8 (165)
d_ELISA + - + + - + - - 49.3 (248)
LAT + - + - + - + - 44.1 (222)
Total: n (%) 23.6 (119) 42.9 (216) 12.7 (64) 9.1 (46) 0 3.7 (19) 7.7 (39) 0 57.0 (287)

*Figures in parenthesis are percent, Total samples (n) =503, (-) - negative, (+) – Positive
Antibody based tests detected 57.0% (287/503) milk samples positive or buffaloes positive for MAP infection.
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Table 4. Comparison of antigen and antibody tests in raw milk of individual buffaloes (n-503).

Diagnostic 
tests

Test combinations
1 2 3 4 5 6 7 8 9 10 11 12 13 14

i_FAT + - + + + + + + + + - - + -
IS900 PCR + - - + + - + - + - - - - -
Microscopy + - + + + + + - + - - + + +
ip_ELISA + - + - - - - + - - + - - +
d_ELISA + - + + - + + + - + + + - +
LAT + - + + + + - + - + + + + -

Total
% (n)

6.5 
(33)

38.7 
(195)

14.3 
(72)

3.5 
(18)

2.1 
(11)

4.3 
(22)

0.6 
(3)

1.6 
(8)

0.4 
(2)

0.8 
(4)

0.9 
(5)

0.6 
(3)

3.1 
(16)

0.2 
(1)

17.9 (90) 12.3 (62) 7.7 (39)

Diagnostic 
tests

Test combinations
Total

15 16 17 18 19 20 21 22 23 24 25 26 27
i_FAT + + - + + - - + + - - - - 43.5 (219)
IS900 PCR - - - - - - - - - - - - - 13.3 (67)
Microscopy - + + - - - - + - - + - - 40.9 (206)
ip_ELISA + + - - - - + - - - - - + 32.8 (165)
d_ELISA + + + + - + + - - + - - - 49.3 (248)
LAT - - - - + + - - - - - + - 44.1 (222)

Total %
(n)

0.4 
(2)

1.2 
(6)

0.4 
(2)

0.4 
(2)

0.8 
(4)

3.3 
(17)

7.3 
(37)

0.4 
(14)

0.4 
(2)

2.3 
(12)

0.6 
(3)

1.6 
(8)

0.2 
(1) 61.2 (308)

15.1 (76) 5.1 (26)
 
 LAT- Latex Agglutination test; i_FAT- Indirect Fluorescent Antibody test.
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Figure 1. MAP bacilli as seen after acid fast staining in buffalo raw milk sample.

Figure 2. Green fluorescence indicates the presence of MAP bacilli in buffalo raw milk sample by Indirect 
Fluorescent antibody test.

Figure 3. Agarose gel electrophoresis of PCR products obtained by IS900 PCR (413bp) performed on buffalo 
raw milk sample.
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Figure 4. Molecular characterization of IS900 positive MAP DNA in buffalo raw milk sample by IS1311 PCR 
and PCR- IS1311_REA analysis.

Figure 6. Latex Agglutination test results for the detection of MAP antibodies in buffalo raw milk sample as 
positive milk showing agglutination and negative milk without agglutination.

Figure 5. Dot-ELISA of individual buffalo raw milk samples (1-9) showing presence of MAP antibodies as 
positive brown dot; +ve: Positive control (brown dot); -ve: Negative control (no brown dot).
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values were 0.909, 0.320, 0.661 and 0.480 for i_
FAT, IS900 PCR, d_ELISA and LAT, respectively. 
In antigen tests, i_FAT and IS900 PCR had almost 
perfect and fair level of agreement with respect 
to microscopy. Using antibody tests, d_ELISA 
and LAT gave substantial and moderate level of 
agreement with respect to i_ELISA, respectively. 
With respect to microscopy, i_FAT and IS900 PCR 
gave sensitivity of 97.7 and 30.0%, respectively. 
Specificity of i_FAT and IS900 PCR with respect 
to microscopy was 93.5 and 100.0%, respectively. 
With respect to i_ELISA, sensitivity of d_ELISA 
and LAT was 99.7 and 82.2%, respectively. d_
ELISA and LAT had specificity of 73.1 and 69.5% 
with respect to i_ELISA, respectively (Table 5).

DISCUSSION

Mycobacterium avium subspecies 
paratuberculosis (MAP) is the causative agent of 
Johne’s disease (JD) in domestic livestock and has 
been associated with Crohn’s disease in humans 
(Messelhäusser et al., 2012). Shedding of MAP 
in milk has received more attention MAP is milk 
borne pathogen and transmit MAP from animals to 
humans (Carvalho et al., 2009). There are several 
routes by which MAP reach to new buffaloes and 
infect others buffaloes. From these routes, oral 
and fecal route is regarded as the main horizontal 
transmission. The fecal and oral is the main route of 
transmission by which MAP bacilli spreads from 
one animal to other animals and to other species 
(Sweeney et al., 1992; Greig et al., 1999; Ayele et 
al., 2002). Transmission of MAP was also reported 
through consumption of colostrum and milk, in 
which new born calves get MAP infection from 
infected mothers (Nielsen et al., 2008).Studies 
reported high bio-load of MAP in the raw milk of 

dairy buffaloes using single tests (milk–ELISA) by 
Singh et al. (2013); Eisenberg et al. (2015).

Although Johne’s disease was first reported 
in India in 1913 and is still a major health problem 
in domestic and wild ruminants (Singh et al., 2014) 
and still Nation-wide estimates on bio-load of 
MAP infection are not available. In a major study 
by Singh et al. (2014), reported 28.3% bio-load 
of MAP infection in buffaloes from North India 
in last 28 years (1985 to 2013). Present study also 
showed that at least 61.2% can be considered as 
positive for MAP infection, since these buffaloes 
were detected positive using six tests combinations 
(Table 4).

Though India is highest milk producer 
in the world, per capita milk availability has 
reached to 290 g / day (2011 to 2012) was higher 
than world average of 284 gm/day. Milk has been 
regarded as the main source of transmission of 
MAP from infected animals to human beings 
(Banche et al., 2015). Milk has been regarded as 
the important means of transmission of MAP from 
infected animals to human beings (Banche et al., 
2015). Milk is the most convenient sample for 
screening of lactating cattle and buffaloes for MAP 
infection, in view of zoonotic implications of MAP 
specially in Crohn’s disease, presence of detectable 
quantities of MAP in milk (Sweeney et al., 1992), 
raw milk has been widely used as clinical sample 
for screening of MAP from cattle and goats (Pillai 
and Jayarao, 2002; Kumar et al., 2008). Bulk milk 
test has been employed for herd screening (Stabel 
et al., 2002). Pillai and Jayarao (2002) showed high 
sensitivity of direct PCR with detection limit of 10 
to 100 cfu/ml pertaining to use of large amount of 
milk samples and found to be more sensitive than 
culture. Singh et al. (1996) observed that MAP 
colonies took more time to appear in milk culture 
than in culture of feces and tissues. Previous 



Buffalo Bulletin (October-December 2021) Vol.40 No.4

534

studies reported high bio-load of MAP in the raw 
milk of dairy buffaloes using milk–ELISA (Singh 
et al., 2013; Eisenberg et al., 2015). Hendrick et al. 
(2005) reported moderate agreement between milk 
and serum ELISA, but milk ELISA results had 
higher agreement with culture than serum ELISA. 
MAP share 99% genetic homology with M. avium 
subsp. avium (Moss et al., 1992), therefore IS900 
PCR was developed to differentiate the two. 

Since, Johne’s disease is endemic in 
domestic livestock (Singh et al., 2014), low positive 
(44.8% in i_ELISA) can be considered as positive. 
In a comprehensive study of 28 years (1985 to 
2013), bio-load of MAP was moderately high 
(28.6%) behind cattle (39.3%), sheep (32.7%) and 
goats (20.1%) (Singh et al., 2014). In a ICAR-CIRG 
study, prevalence was reported 10.0, 100.0, 71.4 and 
100% in four buffaloes farms by microscopy and 
100% sero-prevalence was estimated in a buffalo 
farms (Singh et al., 2015). Another study by Singh 
et al. (2008b), wherein large scale sero-survey 
was conducted using this i_ELISA kit and 28.6% 
in buffaloes from Northern India. Sivakumar 
et al. (2005) reported 70.0 and 30.0% incidence 
in buffaloes from India using PCR and culture. 
Lillini et al. (2002) reported 13.3% prevalence of 
MAP in the Latium region of Italy using PCR in 
fecal samples of water buffalo herds. Molecular 
epidemiology studies by Kaur et al. (2011) revealed 
that as compared to ‘Cattle type’ biotype ‘Indian 
Bison type’ was the predominant (82.0%) biotype 
in domestic livestock including buffaloes. Yadav et 
al. (2008) reported 48.0% buffaloes were positive 
by culture from tissues (MLN and large intestine) 
and 40% were positive by IS900 PCR for MAP 
infection. In another study, Ziehl-Neelsen’s stained 
tissue sections revealed acid-fast bacilli in Grade 3 
and Grade 2 buffaloes and acid-fast granular debris 
were present in grade-1 buffalo. Of 20 buffaloes, 

14 (70%) were positive by IS900 PCR and 6 (30%) 
were positive by MAP culture (Sivakumar et al., 
2006). 

Singh and co-workers standardized d_
ELISA for screening of milk of domestic livestock 
(Singh et al., 2016b). They screened 156 buffaloes 
serum samples and recorded high (90.3%) bio- 
of MAP using d_ELISA and compared with i_
ELISA (85.8%). Authors concluded that d_ELISA 
had potential to be sensitive and cost effective 
‘field based herd screening test’ for screening of 
domestic livestock for JD on large scale (Singh et 
al., 2016c). Present study is the first attempt to use 
LAT and d_ELISA as screening tests using raw 
milk to detect MAP in domestic livestock species. 
Few studies on Mycobacterium employed LAT for 
screening of bovine tuberculosis (Koo et al., 2005; 
Ganju et al., 1991), cystic echinococcosis (Sheeba 
et al., 2016) and ovine brucellosis (Ismael et al., 
2016). Koo et al. (2005) evaluated potential of 
latex bead agglutination assay for the diagnosis of 
bovine tuberculosis (bTB) and recorded sensitivity 
and specificity of 86.7, and 97.8%, respectively. 
Authors concluded that the assay could be used 
along with ‘skin test’ for the accurate detection of 
bTB by reducing the frequency of mis-diagnosis 
(Koo et al., 2005). Other studies of mycobacterial 
detection were carried out by using patient’s serum 
samples wherein, study revealed that LAT had 
a sensitivity of 90.4 and 91.6% for the diagnosis 
of Hansen’s disease (HD) and tuberculosis (TB), 
respectively.

Performance of newly standardized 
tests (LAT, i_FAT and d_ELISA) was compared 
with traditional tests (i_ELISA, IS900 PCR 
and microscopy), widely used for the screening 
of clinical Johne’s disease (Table 6). Using 3 
antigen, 3 antibody and 6 (antigen and antibody) 
test combinations, 5.1% mismatch was recorded 
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in buffaloes milk samples, respectively (Table 4). 
This may be primarily due to high slaughter rate in 
buffaloes due to high demand for meat, therefore 
buffaloes are culled early in life due to reduced 
productivity and good market price and opening 
of large number of slaughter houses in country 
and distribution of their agents in villages or rural 
areas of country, which leads to lower-exposure 
of MAP in buffaloes. Singh et al. (2007) showed 
that the sensitivity of i_ELISA using commercial 
antigen was lower. This was primarily due to use 
of different strains as the source of antigen in the 
test (Singh et al., 2007). Gamberale et al. (2014) 
also reported low bio-load of MAP in buffaloes 
over 12 months were subjected to yearly serological 
examination by i_ELISA and they recorded low 
prevalence (1.0, 2.0 to 0 and 0%) between 2009 to 
2012 (Gamberale et al., 2014). In contrast, a recent 
study reported 41.0% bio-load of Johne’s disease in 
156 serum samples of the dairy buffaloes in Malwa 

region using goat based Indigenous ELISA, used in 
the present study. Study showed that despite of high 
slaughter rate, bio-load of Johne’s disease was high 
in native population of riverine buffaloes (Bubalus 
bubalis) used for milk production in dairies. This 
was probably due to poor sanitary and feeding 
condition of the buffaloes. 

Statistical comparisons were evaluated 
and the strength of agreement was estimated to be 
‘good’ for i_ELISA with respect to d_ELISA with 
a kappa value of 0.661. For i_ELISA with respect 
to LAT, strength of agreement was ‘moderate’ and 
a kappa value 0.480. The strength of agreement 
was ‘very good’ for ZN staining with respect to 
i_FAT with a kappa value of 0.909. Dot-ELISA has 
the highest sensitivity of 99.7% vis a vis i_ELISA 
and IS900 PCR had the highest specificity with 
100% vis a vis microscopy. LAT had the lowest 
specificity at 69.5% while IS900 PCR had the 
lowest sensitivity at 30.0% (Table 5).

Table 5. Sensitivity and specificity of diagnostic tests for the screening of raw milk of individual buffaloes 
(n-503).

Tests type
Diagnostic 

test
Comparative test

Two tailed 

P-value
Kappa ± SE

Strength of 

agreement
Sensitivity(%)

Specificity 

(%)

Antibody 

based

LAT Indigenous plate 

ELISA

<0.0001 0.480±0.025 Moderate 82.2% 69.5%

d_ ELISA <0.0001 0.661±0.020 Substantial 99.7% 73.1%

Antigen 

based

i_FAT
Microscopy

<0.0001 0.909±0.012 Almost perfect 97.7% 93.5%

IS900 PCR <0.0001 0.320±0.021 Fair 30.0% 100%

*LAT- Latex Agglutination Test; i_FAT- Indirect Fluorescent Antibody Test; * <0.20: poor; 0.21–0.40: fair; 
0.41–0.60: moderate; 0.61–0.80: substantial (good); and 0.81–1.00: very good/almost perfect.
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Table 6. Profile of bio-load of MAP in raw milk of bovines: National and International scenario.

Countries Sample type Tests Bio-load (%) References
I. Bio-load of MAP in bovine milk: global studies

USA
Bulk tank milk

Culture 2.8 – 20.6 Jayarao et al., 2004
USA PCR 13.4-39.0 Jayarao et al., 2004; Wilson et al., 2010

USA
Individual milk

ELISA 3.3 - 82.4
Sweeney et al., 1994; Lombard et al., 2006a; 

2006b
Canada ELISA 2.5 Hendrick et al., 2006

USA

Raw
milk

Culture 2.4 - 28.6
Sweeney et al., 1992a; Streeter et al., 1995; 
Stabel et al., 2002; Pillai and Jayarao, 2002

Argentina Culture 8.3 Paolicchi et al., 2003
Australia Culture 35.0 Taylor et al., 1981

USA PCR 33.0 Pillai and Jayarao, 2002
Iran PCR 14.7 Soltani et al., 2008

Iran
PCR

Microscopy
32.0
20.0

Anzabi et al., 2013

II. Bio-load of MAP in bovine milk: Indian studies
Rajasthan Milk ELISA 31.1 Vinodhkumar et al., 2014

Mathura, 
Agra and 

New Delhi

Unpasteurized PCR 100.0
Singh et al., 2007b

Pasteurized PCR 100.0

Individual  milk
i_ELISA 38.0

Singh et al., 2016
d-ELISA 46.2
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Results of bio-type profile of MAP studied 
by restriction analysis using IS 1311 PCR_RE were 
consistent with previous molecular epidemiological 
studies from India, wherein buffaloes were 
exclusively infected with ‘Indian Bison type’ 
bio-type of MAP from dairy cows and buffaloes 
(Sharma et al., 2008; Yadav et al., 2008). Outside 
India, ‘Bison type’ bio-type of MAP has been 
reported only from wild bison in Montana, USA 
(Whittington et al., 2001). ‘Cattle type’ MAP has 
been widely reported from bovines (mainly cows) 
in other parts of the developed world (Marsh et al., 
1999; Sevilla et al., 2005). In the present study also 
no bio-type other than ‘Indian Bison Type’ was 
detected in the present study. Results of molecular 
typing indicated the dominance of ‘Indian Bison 
type’ bio-type in this study also. Milk is a potential 
and convenient sample for detection of MAP. The 
economy of dairy animals is linked to trading of 
high quality of milk and requires a sanitary and 
control program with the purpose of eradicating 
the disease. This is important especially when 
viable MAP carried with milk and milk products 
despite pasteurization, MAP truly represents 
potential pathogen, which is incurable for human 
population (Singh et al., 2018), therefore should be 
priority in control of animal diseases.

CONCLUSION

Bio-load of MAP was high on the basis of 
screening of raw milk of buffaloes using multiple 
tests. Study not only compared six tests to identify 
better diagnostic test / test combination (testing 
strategy) for detecting the presence of MAP in 
lactating buffaloes but also provided an indication 
that MAP was important milk borne pathogen 
both for newly born buffalo calves and human 

population. Present study underlined MAP as 
important food (milk) borne pathogen of domestic 
buffaloes in the country. The choice of test for 
screening of a population depends on the purpose 
and resources available. However, LAT, d_ELISA 
and microscopy had potential to be good screening 
tests using raw milk directly. Milk was convenient 
and good clinical sample for estimating bio-load 
of MAP both in large scale field screenings. This 
is first study wherein buffaloes milk samples were 
screened by multiple tests.

ACKNOWLEDGEMENTS

Authors are thankful to MoFPI, New Delhi 
(Grant No. SERB/MOFPI/0029/2014) for providing 
the funds and Director, IAH, GLA University, 
Mathura for providing necessary facilities.

REFERENCES

Anzabi, Y., M.H. Makoui, B. Abbasvand and 
V.B. Aghdam. 2013. Evaluation of 
contamination of cattle’s raw milk to 
Johne’s disease in farms of Kaleybar 
region. Life Sci. J., 10: 87-92.

Audarya, S.D., M. Singh, B.J. Stephen, K.K. 
Chaubey, S. Gupta, A. Pachoori and S. 
Jayaraman. 2018. Status of Johne’s disease 
in buffalo population of Malwa region 
using goat based Indigenous ELISA kit. 
Buffalo Bull., 37(1): 9-16. Available on: 
http://kuojs.lib.ku.ac.th/index.php/BufBu/
article/view/1243

Ayele, W.Y, O. Fischer, P. Svastova, M. Alexa, 
M. Machachova and I. Pavlik. 2002. 
Dairy and beef cattle paratuberculosis 



Buffalo Bulletin (October-December 2021) Vol.40 No.4

538

survey in intensive and extensive farming 
conditions, p. 340-344. In Juste, R.A., M.V. 
Geijo, J.M. Garrido (eds). In Proceedings 
of the 7th ICP, Spain.

Banche, G., V. Allizond, R. Sostegni, A. 
Lavagna, M. Bergallo, F. Sidoti, M. 
Daperno, R. Rocca and A.M. Cuffini. 
2015. Application of multiple laboratory 
tests for Mycobacterium avium ssp. 
paratuberculosis detection in Crohn’s 
disease patient specimens. New Microbiol., 
38(3): 357-367.

Botsaris, G., M.C. Benjamin, I. Slana, M. Liapi, 
M. Christodoulou, M. Hatzitofi, V. 
Christodoulou, E.D. Catherine and Rees. 
2016. Detection of viable Mycobacterium 
avium subspecies paratuberculosis in 
powdered infant formula by phage-PCR 
and confirmed by culture. Int. J. Food 
Microbiol., 216: 91-94. DOI: 10.1016/j.
ijfoodmicro.2015.09.011

Carvalho, I.A., A. Silva, V.E. Campos and M.A. 
Moreira. 2009. Short communication: 
Detection of Mycobacterium avium 
subspecies paratuberculosis by 
polymerase chain reaction in bovine milk 
in Brazil. J. Dairy Sci., 92(11): 5408-5410. 
DOI: 10.3168/jds.2008-1816

Chaubey, K.K., R.D. Gupta, S. Gupta, S.V. Singh, 
A.K. Bhatia, S. Jayaraman, N. Kumar, A. 
Goel, A.S. Rathore, Sahzad, J.S. Sohal, 
B.J. Stephen, M. Singh, M. Goyal, K. 
Dhama and A. Derakhshandeh. 2016. 
Trends and advances in the diagnosis and 
control of paratuberculosis in domestic 
livestock. Vet. Quart., 36(4): 203-227. 
DOI: 10.1080/01652176.2016.1196508

Chaubey, K.K., S.V. Singh, S. Gupta, M. Singh, J.S. 
Sohal, N. Kumar, M.K. Singh, A.K. Bhatia 

and K. Dhama. 2017. Mycobacterium avium 
subspecies paratuberculosis - an important 
food borne pathogen of high public health 
significance with special reference to 
India: an update. Vet. Quart., 37(1): 282-
299. DOI: 10.1080/01652176.2017.1397301

Chiodini, R.J., W.M. Chamberlin, J. Sarosiek and 
R.W. McCallum. 2012. Crohn’s disease and 
the mycobacterioses: A quarter century 
later. Causation or simple association?, 
Crit. Rev. Microbiol., 38: 52-93. DOI: 
10.3109/1040841X.2011.638273

Collins, M.T. 2002. Interpretation of a commercial 
bovine paratuberculosis enzyme-linked 
immunosorbent assay by using likelihood 
ratios. Clin. Diag. Lab. Immun., 9(6): 1367-
1371. DOI: 10.1128/cdli.9.6.1367-1371.2002

Collins, M.T., S.J. Wells, K.R. Petrini, J.E. Collins, 
R.D. Schultz and R.H. Whitlock. 2005. 
Evaluation of five antibody detection tests 
for diagnosis of bovine paratuberculosis. 
Clin. Diag. Lab. Immun., 12(6): 685-692. 
DOI: 10.1128/CDLI.12.6.685-692.2005

Corti, S. and R. Stephan. 2002. Detection of 
Mycobacterium avium subspecies 
paratuberculosis specific IS900 insertion 
sequences in bulk tank milk samples 
obtained from different regions throughout 
Switzerland. BMC Microbiol., 2(1): 15. 
DOI: 10.1186/1471-2180-2-15

D’Haese, I., H. Dumon, V. Werbrouck, De Jonghe 
and L. Herman. 2005. Improved detection 
of Mycobacterium paratuberculosis in 
milk. J. Dairy Res., 72: 1‐4. DOI: 10.1017/
s0022029905001226

Dimareli-Malli, Z. 2010. Detection of 
Mycobacterium avium subsp. 
paratuberculosis in milk from clinically 
affected sheep and goats. Int. J. Appl. Res. 



Buffalo Bulletin (October-December 2021) Vol.40 No.4

539

Vet. M., 8(1): 44-50.
Eamens, G.J., R.J. Whittington, I.B. Marsh, M.J. 

Turner, V. Saunders, P.D. Kemsley and D. 
Rayward. 2000. Comparative sensitivity of 
various faecal culture methods and ELISA 
in dairy cattle herds with endemic Johne’s 
disease. Vet. Microbiol., 77(3-4): 357-367. 
DOI: 10.1016/S0378-1135(00)00321-7

Eisenberg, S., E. Veldman, V. Rutten and P. Koets. 
2015. A longitudinal study of factors 
influencing the result of a Mycobacterium 
avium ssp. paratuberculosis antibody 
ELISA in milk of dairy cows. J. Dairy Sci., 
98(4): 2345-2355. DOI: 10.3168/jds.2014-
8380

Eltholth, M.M., V.R. Marsh, S. Van Winden and 
F.J. Guitian. 2009. Contamination of food 
products with Mycobacterium avium 
paratuberculosis: A systematic review. J. 
Appl. Microbiol., 107(4): 1061-1071. DOI: 
10.1111/j.1365-2672.2009.04286.x

FAOSTAT. 2016. Food and Agriculture 
Organization of the United Nations, Rome, 
Italy.

Fodor, I., B. Matyovszky, A. Biczó and L. Ózsvári. 
2014. The losses due to paratuberculosis 
and its control in a Hungarian large-
scale Holstein-Friesian dairy farm. Magy. 
Allatorvosok Lapja., 136(4): 213-222.

Gamberale, F., G. Barlozzari, G. De Santis, P. 
Scaramella, G. Pietrella, M. Sala and G. 
Macrì. 2014. Paratuberculosis in Italian 
Mediterranean buffalo: Serological 
screening and prevalence study in a 
breeding farm in the province of Rome 
(2009-2012). In The 12th International 
Colloquium on Paratuberculosis. 
Available on: https://www.id-vet.com/
pdfs/pdfs/PARA/doc326.pdf

Garcia, A.B. and L. Shalloo. 2015. Invited review: 
The economic impact and control of 
paratuberculosis in cattle. J. Dairy Sci., 
98(8): 5019-5039. DOI: 10.3168/jds.2014-
9241

Garg, R., P.K. Patil, S.V. Singh, S. Sharma, R.K. 
Gandham, A.V. Singh, G. Filia, P.K. 
Singh, S. Jayaraman, S. Gupta, K.K. 
Chaubey, R. Tiwari, M. Saminathan, K. 
Dhama and J.S. Sohal. 2015. Comparative 
evaluation of different test combinations 
for diagnosis of Mycobacterium avium 
subspecies paratuberculosis infecting 
dairy herds in India. BioMed Res. Int., 
DOI: 10.1155/2015/983978.

Gill, C.O., L. Saucier and W.J. Meadus. 
2011. Mycobacterium avium subsp. 
paratuberculosis in dairy products, meat, 
and drinking water. J. Food Protect., 
74(3): 480-499. DOI: 10.4315/0362-028X.
JFP-10-301

Greig, A., K. Stevenson, D. Henderson, V. Perez 
and I. Pavilik. 1999. Epidemiological 
study of paratuberculosis in wild rabbits 
in Scotland. J. Clin. Microbiol., 37(6): 
1746-1751. DOI: 10.1128/JCM.37.6.1746-
1751.1999

Hendrick, S.H., T.F. Duffield, D.F. Kelton, 
K.E. Leslie, K.D. Lissemore and M. 
Archambault. 2005. Evaluation of enzyme-
linked immunosorbent assays performed 
on milk and serum samples for detection of 
paratuberculosis in lactating dairy cows. 
J. Am. Vet. Med. Assoc., 226(3): 424-428. 
DOI: 10.2460/javma.2005.226.424

Jayarao, B.M., S.R. Pillai, D.R. Wolfgang, D.R. 
Griswold, C.A. Rossiter, D. Tewari, 
C.M. Burns and L.J. Hutchinson. 2004. 
Evaluation of IS900-PCR assay for 



Buffalo Bulletin (October-December 2021) Vol.40 No.4

540

detection of Mycobacterium avium 
subspecies paratuberculosis infection in 
cattle using quarter milk and bulk tank milk 
samples. Foodborne Pathog. Dis., 1(1): 17-
26. DOI: 10.1089/153531404772914428

Kaur, P., G. Filia, S.V. Singh, P.K. Patil, R. 
Kumar and K.S. Sandhu. 2011. Molecular 
epidemiology of Mycobacterium avium 
subspecies paratuberculosis: IS900 PCR 
identification and IS1311 polymorphism 
analysis from ruminants in the Punjab 
region of India. Comp. Immunol. Microbiol. 
Infect. Dis., 34(2): 163-169. DOI: 10.1016/j.
cimid.2010.09.002

Kumar, S., S.V. Singh, I. Sevilla, A.V. Singh, R.J. 
Whittington, R.A. Juste, G. Sharma, 
P.K. Singh and J.S. Sohal. 2008. Lacto-
prevalence, genotyping of Mycobacterium 
avium subspecies paratuberculosis and 
evaluation of three diagnostic tests in 
milk of naturally infected goatherds. 
Small Ruminant Res., 74(1-3): 37-44. DOI: 
10.1016/j.smallrumres.2007.03.005

Lillini, E., F. Gamberale, L. DeGrossi, A. Cersini, B. 
Scherm and A. Fagiolo. 2002. Comparative 
study on detection of Mycobacterium 
avium subsp. paratuberculosis by PCR 
diagnosis and conventional culture on feces 
of water-buffalo herds in Latium region 
(Italy), p. 283-286. In Juste, R.A., M.V. 
Geijo and J.M. Garrido (eds.) Proceedings 
of the 7th Intenational Colloquium on 
Paratuberculosis, Bilbao, Spain.

Lombard, J.E., T.M. Byrem, B.A. Wagner and 
B.J. McCluskey. 2005. Comparison 
of milk and serum enzyme-linked 
immunosorbent assays for diagnosis 
of Mycobacterium avium subspecies 
paratuberculosis infection in dairy cattle. 

J. Vet., Diag. Invest., 18(5): 448-458. DOI: 
10.1177/104063870601800504

Merkal, R.S. and W.D. Richards. 1972. Inhibition 
of fungal growth in the cultural isolation 
of mycobacteria. Appl. Microbiol., 24(2): 
205-207. DOI: 10.1128/am.24.2.205-
207.1972

Messelhäusser, U., P. Kampf, S. Hormansdorfer, B. 
Wagner, B. Schalch, U. Busch, C. Holler, 
P. Wallner, G. Barth and A. Rampp. 
2012. Culture and molecular method for 
detection of Mycobacterium tuberculosis 
complex and Mycobacterium avium 
subsp. paratuberculosis in milk and dairy 
products. Appl. Environ. Microbiol., 78(1): 
295-297. DOI: 10.1128/AEM.06322-11

Moss, M.T., J.D. Sanderson, M.L. Tizard, J. 
Hermon-Taylor, F.A. El-Zaatari, D.C. 
Markesich and D.Y. Graham. 1992. 
Polymerase chain reaction detection of 
Mycobacterium paratuberculosis and 
Mycobacterium avium subsp silvaticum in 
long term cultures from Crohn’s disease 
and control tissues. Gut, 33(9): 1209-1213. 
DOI: 10.1136/gut.33.9.1209

Nielsen, S.S. and N. Toft. 2014. Bulk tank milk 
ELISA for detection of antibodies 
to Mycobacterium avium subsp. 
paratuberculosis: Correlation between 
repeated tests and within-herd antibody-
prevalence. Prev. Vet. Med., 113(1): 96-
102. DOI: 10.1016/j.prevetmed.2013.10.013

Nielsen, S.S., H. Bjerre and N. Toft. 2008. 
Colostrum and milk as risk factors for 
infection with Mycobacterium avium 
subspecies paratuberculosis in dairy 
cattle. J. Dairy Sci., 91(12): 4610-4615. 
DOI: 10.3168/jds.2008-1272.

Okura, H., N. Toft and S.S. Nielsen. 2012. 



Buffalo Bulletin (October-December 2021) Vol.40 No.4

541

Occurrence of Mycobacterium avium 
subsp. paratuberculosis in milk at dairy 
cattle farms: A systematic review and 
meta-analysis. Vet. Microbiol., 157(3-4): 
253-263. DOI: 10.1016/j.vetmic.2011.12.019

Paolicchi, F.A., M.J. Zumarraga, A. Gioffre, P. 
Zamorano, C. Morsella, A. Verna, A. 
Cataldi, A. Alito and M. Romano. 2003. 
Application of different methods for the 
diagnosis of paratuberculosis in a dairy 
cattle herd in Argentina. J. Vet. Med. 
B., 50(1): 20-26. DOI: 10.1046/j.1439-
0450.2003.00606.x

Pillai, S.R. and B.M. Jayarao. 2002. Application of 
IS900 PCR for detection of Mycobacterium 
avium subsp. paratuberculosis directly 
from raw milk. J. Dairy Sci., 85(5): 
1052-1057. DOI: 10.3168/jds.S0022-
0302(02)74165-9

Raghuvanshi, T.S., S.V. Singh, R.B. Sharma, S. 
Gupta, K.K. Chaubey, N. Kumar and K. 
Dhama. 2014. A pilot study on the presence 
of Mycobacterium avium subspecies 
paratuberculosis in fresh cheese (paneer) 
prepared from goat milk of herds endemic 
for Johne’s disease. Journal of Infection 
and Molecular Biology, 1: 46-48.

Sevilla, I., S.V. Singh, J.M. Garrido, G. Aduriz, 
S. Rodriguez, M.V. Geijo and R.A. Juste. 
2005. Molecular typing of Mycobacterium 
avium subspecies paratuberculosis strains 
from different hosts and regions. Rev. Sci. 
Tech. OIE., 24(3): 1061-1066.

Shankar, H., S.V. Singh, P.K. Singh, A.V. Singh, J.S. 
Sohal and R.J. Greenstein. 2010. Presence, 
characterization, and genotype profiles 
of Mycobacterium avium subspecies 
paratuberculosis from unpasteurized 
individual and pooled milk, commercial 

pasteurized milk, and milk products in 
India by culture, PCR, and PCR-REA 
methods. Int. J. Infect. Dis., 14(2): e121-
126. DOI: 10.1016/j.ijid.2009.03.031

Sharma, G., S.V. Singh, I. Sevilla, A.V. Singh, 
R.J. Whittington, R.A. Juste and V.S. 
Vihan. 2008. Evaluation of indigenous 
milk ELISA with m-culture and m-PCR 
for the diagnosis of bovine Johne’s disease 
(BJD) in lactating Indian dairy cattle. 
Res. Vet. Sci., 84(1): 30-37. DOI: 10.1016/j.
rvsc.2007.03.014

Singh, A.V., D.S. Chauhan, S.V. Singh, V. Kumar, 
A. Singh, A. Yadav and V.S. Yadav. 2016a. 
Current status of Mycobacterium avium 
subspecies paratuberculosis infection in 
animals & humans in India: What needs 
to be done?. Indian J. Med. Res., 144(5): 
661-671. DOI: 10.4103/ijmr.IJMR_1401_14

Singh, A.V., S.V. Singh, G.K. Makharia, P.K. 
Singh and J.S. Sohal. 2008a. Presence and 
characterization of Mycobacterium avium 
subspecies paratuberculosis from clinical 
and suspected cases of Crohn’s disease and 
in the healthy human population in India. 
Int. J. Infect. Dis., 12(2): 190-197. DOI: 
10.1016/j.ijid.2007.06.008

Singh, M., S. Gupta, S.V. Singh, K.K. Chaubey, J.S. 
Sohal and K. Dhama. 2018. Bio-incidence 
of Mycobacterium avium subspecies 
paratuberculosis in the pasteurized liquid 
milk, flavoured milk and milk powder 
commercially sold by leading market 
brands in India. J. Exp. Bio. Agri. Sci., 6(1): 
188-203. DOI: 10.18006/2018.6(1).188.203

Singh, N., S.V. Singh, V.K. Gupta, V.D. Sharma 
and R.K. Sharma. 1996. Isolation 
and identification of Mycobacterium 
paratuberculosis from naturally infected 



Buffalo Bulletin (October-December 2021) Vol.40 No.4

542

goat herds in India. Indian Journal of 
Veterinary Pathology, 20: 104-108.

Singh, P.K., S.V. Singh, A.V. Singh and J.S. Sohal. 
2008b. Caprine paratuberculosis in farm 
and farmer’s goat herds: An assessment of 
prevalence in target tissues, comparison 
of culture, PCR and indigenous ELISA kit 
and genotypes of Mycobacterium avium 
subspecies paratuberculosis. Indian 
Journal of Small Ruminants, 14(2): 211-
217.

Singh, S.V. and V. Vihan. 2004. Detection of 
Mycobacterium avium subspecies 
paratuberculosis in goat milk. Small 
Ruminant Res., 54(3): 231-235. DOI: 
10.1016/j.smallrumres.2003.12.002

Singh, S.V., B.J. Stephen, M. Singh, S. Gupta, K.K. 
Chaubey, Sahzad, S. Jayaraman, G.K. 
Aseri, J.S. Sohal, A.K. Bhatia, J. Chauhan 
and K. Dhama. 2016c. Evaluation of 
new ‘indigenous milk dot-ELISA’ as 
‘Field Test’ vis-à-vis milk plate-ELISA 
for the detection of Mycobacterium 
avium sub species paratuberculosis 
infection in lactating domestic livestock. 
Indian J. Biotechnol., 15(2): 166-171. 
Available on: http://nopr.niscair.res.in/
bitstream/123456789/35551/1/IJBT%20
15%282%29%20166-171.pdf

Singh, S.V., 2015. Development and 
Characterization of Indigenous Vaccine 
and Diagnostics for Johne’s Disease. 
CSIR-NMITLI Final Report. Central 
Institute for Research on Goats, Mathura, 
Uttar Pradesh, India.

Singh, S.V., A.V. Singh, R. Singh, K.S. Sandhu, 
P.K. Singh, J.S. Sohal, V.K. Gupta and V.S. 
Vihan. 2007. Evaluation of highly sensitive 
indigenous milk ELISA kit with fecal 

culture, milk culture and fecal-PCR for the 
diagnosis of bovine Johne’s disease (BJD) 
in India. Comp. Immunol. Microb., 30(3): 
175-186. DOI: 10.1016/j.cimid.2006.12.002

Singh, S.V., B.J. Stephen, M. Singh, S. Gupta, K.K. 
Chaubey, Sahzad, S. Jayaraman, T.K. 
Sachan, G.K. Aseri, M. Jain, J.S. Sohal and 
K. Dhama. 2016b. Evalution of ‘Indirect 
Fluroscent Antibody Test’ as potential 
‘screening test’ for Mycobacterium 
avium subspecies paratuberculosis using 
milk of lactating domestic livestock. 
Journal of Experimental Biology and 
Agriculture Sciences, 4(5): 533-540. DOI: 
10.18006/2016.4(5).533.540

Singh, S.V., B.J. Stephen, M. Singh, S. Gupta, 
K.K. Chaubey, Sahzad, S. Jayaraman, 
T.K. Sachan, J.S. Sohal, K. Dhama, 
S.Y. Mukartal and Z. Hemati. 2016d. 
Comparison of newly standardized ‘Latex 
milk agglutination test’, with ‘Indigenous 
milk ELISA’ for ‘on spot’ screening of 
domestic livestock against Mycobacterium 
avium subsp. paratuberculosis infection. 
Indian J. Biotechnol., 15(4): 511-517. 
Available on: http://nopr.niscair.res.in/
bitstream/123456789/41031/1/IJBT%20
15%284%29%20511-517.pdf

Singh, S.V., N. Kumar, K.K. Chaubey, S. Gupta 
and K.D. Rawat. 2013. Bio-presence 
of Mycobacterium avium subspecies 
paratuberculosis infection in Indian 
livestock farms. Research Opinions in 
Animal and Veterinary Sciences, 3(11): 
401-406. 

Singh, S.V., P.K. Singh, A.V. Singh, J.S. Sohal 
and N. Kumar. 2014. Bio-load and bio-
type profiles of Mycobacterium avium 
subspecies paratuberculosis infection in 



Buffalo Bulletin (October-December 2021) Vol.40 No.4

543

the domestic livestock population endemic 
for Johne’s disease: A survey of 28 years 
(1985-2013) in India. Transbound. Emerg. 
Dis., 61(Suppl 1): 43-55. DOI: 10.1111/
tbed.12216

Sivakumar, P., B.N. Tripathi and N. Singh. 2005. 
Detection of Mycobacterium avium subsp. 
paratuberculosis in intestinal and lymph 
node tissues of water buffaloes (Bubalus 
bubalis) by PCR and bacterial culture. 
Vet. Microbiol., 108(3-4): 263-270. DOI: 
10.1016/j.vetmic.2005.04.002

Sivakumar. P., B.N. Tripathi, N. Singh and A.K. 
Sharma. 2006. Pathology of Naturally 
occurring Paratuberculosis in Water 
buffaloes (Bubalus bubalis). Vet. Pathol., 
43(4): 455-462. DOI: 10.1354/vp.43-4-455

Soltani, M., M.R. Nassiry, F.E. Shahroudi and 
M.R. Bassami. 2008. Detection of 
Mycobacterium paratuberculosis in feces 
and milk samples from holstein dairy 
cows by PCR. Biotechnology, 7(3): 582-
595. DOI: 10.3923/biotech.2008.582.585

Stabel, J.R., S.J. Wells and B.A. Wagner. 2002. 
Relationships between faecal culture, 
ELISA, and bulk tank milk test results 
for Johne’s disease in US dairy herds. J. 
Dairy Sci., 85(3): 525-531. DOI: 10.3168/
jds.S0022-0302(02)74104-0

Stephen, B.J.,  M. Singh, S.V. Singh, S. Gupta, 
K.K. Chaubey, Sahzad, M. Jain, J.S. 
Sohal, S.Y. Mukartal and K. Dhama. 
2016. Bio-contamination’ estimates 
of Mycobacterium avium subspecies 
paratuberculosis in fresh cottage cheese 
(Paneer) sold in rural, semi-urban and 
peri-urban regions of South Uttar Pradesh 
using multiple diagnostic tests. Advances 
in Animal and Veterinary Sciences, 

4(8): 441-448. DOI: 10.14737/journal.
aavs/2016/4.8.441.448

Sweeney, R.W., M.T. Collins, A.P. Koets, S.M. 
McGuirk and A.J. Roussel. 2012. 
Paratuberculosis (Johne’s disease) in 
cattle and other susceptible species. J. 
Vet. Intren. Med., 26(6): 1239-1250. DOI: 
10.1111/j.1939-1676.2012.01019.x

Sweeney, W. Raymond, R.H. Whitlock and E. 
Anne. 1992. Rosenberger. Mycobacterium 
paratuberculosis cultured from milk and 
supramammary lymph nodes of infected 
asymptomatic cows. J. Clin. Microbiol., 
30(1): 166-171. DOI: 10.1128/jcm.30.1.166-
171.1992

Tiwari, A., J.A. VanLeeuwen, I.R. Dohoo and 
G.P. Keefe. 2008. Estimate of the direct 
production losses in Canadian dairy herds 
with subclinical Mycobacterium avium 
subspecies paratuberculosis infection. 
Cannadian Vet. J., 49(6): 569-576.

Tursun, D., Y.Z. Shi, Q.L. Yang, Y. Liu, W.C. Xue, 
A. Abas and W.J. Yang. 2015. Influence 
on Strychni semen’s analgesic effect and 
toxicity of milk-impregnated- processing-
technology of traditional Uighur medicine. 
Zhong Yao Cai., 38(2): 267-270.

van Soolingen, D., P.W. Hermans, P.E. de Haas, 
D.R. Soll and J.D. van Embden. 1991. 
Occurrence and stability of insertion 
sequences in Mycobacterium tuberculosis 
complex strains: Evaluation of an insertion 
sequence-dependent DNA polymorphism 
as a tool in the epidemiology of 
tuberculosis. J. Clin. Microbiol., 29(11): 
2578-2586. DOI: 10.1128/jcm.29.11.2578-
2586.1991

Vary, P.H., P.R. Andersen, E. Green, J. Hermon-
Taylor and J. McFadden. 1990. Use of highly 



Buffalo Bulletin (October-December 2021) Vol.40 No.4

544

specific DNA probes and the polymerase 
chain reaction to detect Mycobacterium 
paratuberculosis in Johne’s disease. J. 
Clin. Microbiol., 28(5): 933-937. DOI: 
10.1128/jcm.28.5.933-937.1990

VinodhKumar, O.R., L. Gunaseelan, K.V. Rani and 
B.S.M. Ronold. 2010. A preliminary study 
on the usefulness of ELISA and Gamma 
interferon assay in buffalo and white cattle 
paratuberculosis diagnosis. Buffalo Bull., 
29(4): 299-303. Available on: http://ibic.lib.
ku.ac.th/e-Bulletin/IBBU201000053.pdf

Whipple, D.L., D.R. Callihan and J.L. Jarnagin. 
1991. Cultivation of Mycobacterium 
paratuberculosis from bovine fecal 
specimens and a suggested standardized 
procedure. J. Vet. Diag. Invest., 3(4): 368-
373. DOI: 10.1177/104063879100300424

Whittington, R.J., J.B. Lloyd and L.A. Reddacliff. 
2001. Recovery of Mycobacterium avium 
subsp. paratuberculosis from nematode 
larvae cultured from the faeces of sheep 
with Johne’s disease. Vet. Microbiol., 
81(3): 273-279. DOI: 10.1016/s0378-
1135(01)00345-5

Wilson, D.J., K. Rood, P. Biswas and T.M. Byrem. 
2010. Herd-level prevalence of Johne’s 
disease in Utah and adjacent areas of the 
Intermountain West as detected by a bulk-
tank milk surveillance project. J. Dairy 
Sci., 93(12): 5792-5797. DOI: 10.3168/
jds.2010-3481

Yadav, D., S.V. Singh, A.V. Singh, I. Sevilla, R.A. 
Juste, P.K. Singh and J.S. Sohal. 2008. 
Pathogenic ‘Bison-type’ Mycobacterium 
avium subspecies paratuberculosis 
genotype characterized from riverine 
buffalo (Bubalus bubalis) in north India. 
Indian J. Comp. Microbiol. Immun. 

Infect. Dis., 31(4): 373-387. DOI: 10.1016/j.
cimid.2007.06.007


