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A B S T R A C T

Johne's disease, caused by Mycobacterium avium subspecies paratuberculosis is endemic in the domestic livestock
population, still it is not priority for control in the country. First time we used 'multiple assays’ for screening raw
milk of 465 goats (farm/farmer's herds) to estimate bio-load and bio-type profile of bacilli. Each sample was
screened by six tests and compared their sensitivity and specificity. Of 465 raw milk samples screened, bio-load
of bacilli was 65.3% by six assays. Assay-wise bio-load was 49.4 and 62.7% in antigen and antibody detection
tests, respectively. Bio-load was 48.8, 46.6, and 13.9% in Indirect Fluorescent Antibody Test (i_FAT), microscopy
and IS900 PCR and 39.1, 57.4 and 55.6% in Indirect Enzyme Linked Immuno Sorbant Assay (i_ELISA), Dot
Enzyme Linked Immuno Sorbant Assay (d_ELISA) and Latex Agglutination Test (LAT), respectively. Dot-ELISA
was most sensitive followed by LAT, i_FAT, microscopy and i_ELISA. Milk DNA samples positive in IS900 PCR on
bio-typing using IS1311 PCR_ Restriction Enzyme Analysis (IS1311 PCR_REA) revealed, 72.3% (47/65) were
'Indian Bison Type'. Milk was easy to collect sample and first time we used 'whole milk' as 'test sample' without
centrifugation. High bio-load of MAP in milk underlined need for urgent control of disease in lactating goa-
therds. Bacilli was important 'Milk born' infection and on the basis of sensitivity, specificity, resources and
requirements, of the ‘six assays’ most appropriate assay/s (single or in combination) can be chosen for the
screening and diagnosis of Johne’s disease in lactating goatherds using whole milk as sample.

1. Introduction

Mycobacterium avium subspecies paratuberculosis (MAP), the cause of
chronic incurable Johne’s disease (JD) is endemic in the domestic li-
vestock population of the country [1]. MAP has been associated with
auto-immune disorders [2] of human population, where inflammation
is primary feature e.g., inflammatory bowel disease (IBD), Crohn’s
disease (CD), Ulcerative Colitis (UC) etc., [3–11]. MAP infection to
serious economic losses to the livestock industry globally [11–13].
Farm-level losses to the tune of EUR 35–165 per cow [14,15] have been
reported from Europe. In the first long term study, Singh et al. [1],
reported consistent increase in the bio-load of MAP in the domestic
livestock population of country in past 33 years (1985–2018) [16].
At> 132.43 million tonnes of milk production per year [17], India is
leading milk producer in the world, but per animal productivity is very
low (1/6th in Asian countries). Country lacks information on the bio-
load of MAP in the domestic livestock at National level [1]. Many
European countries, reported surveys using milk as sample to estimate

National bio-load of MAP in the cattle population. However, in India
this information is extremely limited. This is mainly due to the re-
luctance of farmers in providing samples specially blood. Therefore, in
this study we focussed on alternative samples (milk) to estimate the bio-
load of MAP in lactating goats. Raw milk is an important carrier of MAP
bacilli from livestock to human population [18–20]. Raw milk is fre-
quently used as important constituent in traditional medicines [21].

In the absence of control programs, MAP bacilli is excreted in the
milk of infected goats and since it is not inactivated during pasteur-
ization, continues to infect new born kids through feeding of milk and
colostrums. Since MAP bacilli is not in-activated during pasteurization,
therefore milk and milk products made from pasteurized milk are im-
portant source of infection to human population. Early and accurate
diagnosis of MAP is critical for the control of JD in dairy herds [22]. In
chronic diseases e.g., tuberculosis and paratuberculosis, multiple assays
are essential to say that particular sample is infected (pos
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itive) or non-infected (negative). No single test can accurately detect
MAP infection in animals [1,23]. Early and “silent” infections can be
detected only by culturing the organisms either from samples (feces,
milk, blood, vaginal secretions, semen etc.) of sub-clinically or clini-
cally infected goats or from necropsied tissues (intestine and mesenteric
lymph nodes) and rarely by histopathology. Paratuberculosis being
spectral disease variety of assays are recommended for the diagnosis,
however, the choice of test varies with the stage of disease, requirement
and purpose of study and resources available. Indigenous ELISA
(i_ELISA) and IS900 PCR are most frequently used assays [24,25], have
shown good sensitivity and specificity [20,23,26]. Culture though
highly specific but is time-consuming and laboratory intensive. Col-
lection of blood samples need expertise and farmers show reluctance,
therefore, we have standardized, indirect Fluorescent Antibody test
(i_FAT), dot-ELISA (d_ELISA) and Latex Agglutination test (LAT) for the
screening of raw milk samples. [27–29]. In the present study, six (3
antigen and 3 antibody) assays were used to estimate bio-load of MAP
in raw milk samples of lactating goats from farm and farmer's herds in
North India. Bio-type profile of MAP was also analyzed using IS1311
PCR_RE in IS900 PCR positive milk samples. However, representative
milk samples were also cultured to confirm the presence of live acid fast
MAP bacilli in the milk of lactating goats.

2. Materials and methods

2.1. Collection and processing of milk

Table 1, shows profile of 465 raw goat milk samples collected from
465 lactating goats {158 goats from farmer's herds in South Uttar
Pradesh (Mathura-114, Agra-10, Gwalior-5, Jaipur-9 and Gurgaon-20)
and 307 farm goats {Central Institute for Research on Goats (CIRG),
Mathura district} in North India from January, 2015 to November,
2017. Un-like earlier studies (Stephan et al., 2016), wherein milk
samples were first centrifuged for partitioning and concentrate MAP
bacilli into fat and sediment layers by spinning at 4000 rpm for 45min.,
first time 'whole milk' was used directly (without centrifugation) as 'test
sample'. Three routinely used (microscopy, IS900 PCR, i_ELISA) and 3
newly standardized (d_ELISA, LAT and i_FAT) assays were employed for
the screening of lactating goatherds using milk samples. Each of the 465
goat milk samples were screened six times. Limited IS900 PCR positive
milk samples were analyzed using IS1311 PCR_RE and culture to esti-
mate bio-type profile and presence of live acid fast bacilli in raw milk
samples of lactating goats endemically infected with MAP, respectively.
Each milk sample represented one individual goat.

2.2. Acid fast staining (microscopy)

Smears made from 20 μl of 'whole milk', were heat fixed, stained
(Ziehl Neelsen - ZN) [31] and examined under oil immersion (×100)
for acid-fast bacilli (AFB) indistinguishable to MAP.

2.3. Indirect Fluorescent Antibody test (i_FAT)

Tissue based i_FAT [30] was standardized for screening of milk
samples [28,31]. Briefly, smears prepared on clean slides (20 μl milk),
were air dried and heat fixed. Slides were dipped in solution of 30.0%
H2O2 in 90.0% methanol (3:7 ratio) and incubated for 10min at 37 °C,
followed by second dipping in phosphate-citrate buffer (2.1% citric acid
and 3.56% disodium hydrogen phosphate in 100ml triple distilled
water, pH- 5) and were heated to boiling in microwave for 30 s (15
cycles) with 20 s rest after each heating cycle (total time 10min). To air
dried slides whey (ratio of 1:4 as primary antibody) or serum (in ratio of
1:50) in serum dilution buffer (1% BSA in PBST) was added. Slides were
incubated for 1 h at 37 °C followed by washing in 1X PBS (3 times).
Anti-species secondary antibody (FITC conjugate) added in the ratio
1:750 in 1X PBS (pH-7.6) and incubated in dark for 1 h at 37 °C fol-
lowed by washing of slides 5 times in 1X PBS in dark. Slides were air
dried in dark at room temperature and mounted in glycerine with cover
slip and observed immediately under fluorescent microscope. Slides
positive for MAP exhibited green fluorescence.

2.4. DNA isolation

Isolation of DNA from raw milk was carried out as per van
Soolingen et al. [32] with some modifications [28,31]. Briefly, to 500 μl
milk sample, 100 μl of lysis buffer (50mM NaCl, 125mM EDTA, 50mM
Tris-HCl; pH 7.6) was added and incubated for 15min at RT. Then
100 μl of 24% sodium dodecyl sulfate (SDS) was added and incubated at
RT for 10min., followed by heating at 80 °C for 10min. Proteinase K
(325 μg) was added to sample and incubated at 55 °C for 2 h., followed
by addition of 115 μl of 5M NaCl and 93 μl CTAB-NaCl with proper
mixing and incubated at 65 °C for 30min. Equal volume of phenol:-
chloroform:isoamyl alcohol (25:24:1) was added to sample and cen-
trifuged at 15,800 g for 5min. After centrifugation, aqueous phase from
sample was transferred to sterilized eppendrof tube and DNA was
precipitated by adding 0.8 vol of chilled iso-propanol and kept at
−20 °C for 2 h. DNA was pelleted out by centrifuging at 15,800 g for
10min at 4 °C and supernatant was discarded. Pellet was washed with
500 μl of 70% ethanol and re-suspended in 30 μl TE buffer/ nuclease
free water and stored at −20 °C.

Table 1
Profile of raw milk samples (n - 465) collected from lactating goatherds (farm and farmer's) in North India for screening against Mycobacterium avium subspecies
paratuberculosis infection.

Sn Geographical Regions / districts & State Places Goats / milk samples, n Positive / Total n (%)

Individual goatherds Farm Management

1. Mathura,
Uttar Pradesh

Mathura city 10 08 (80.0) Farmer's goatherds 129/158 (81.6)
Kurkunda & Bhai village 26 24 (92.3)
Farah & nearby villages 56 44 (78.5)
Makhdoom village 22 17 (77.2)

2. Agra, Uttar Pradesh Keetham village 10 08 (80.0)
3. Gwalior, Madhya Pradesh Sadanwara village 05 05 (100.0)
4. Jaipur, Rajasthan Jaipur city 09 09 (100.0)
5. Gurgaon, Haryana Kharkhari village 20 14 (70.0)
6. CIRG, Mathura,

Uttar Pradesh
Experimental unit 60 40 (66.6) Farm175/307 (57.0)
Jakhrana unit 109 57 (52.2)
Barbari unit 127 70 (55.1)
Jamunapari unit 11 08 (72.7)

Total 465 304 (65.3)
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2.5. IS900 PCR

DNA isolated from raw milk samples were screened by specific
IS900 PCR using 150C and 921 primers [33] and 229 bp PCR product
was positive for MAP.

2.6. IS1311 PCR and restriction endonuclease analysis (IS1311 PCR _REA)

IS1311 PCR was performed on IS900 PCR positive DNA samples
using M56 and M119 primers as per Sevilla et al. [34]. PCR products of
608bp were taken as positive and was further genotyped using HinfI
and MseI enzymes (Fermentas) [34].

2.7. Culture

IS1311 PCR positive milk samples were cultured by decontami-
nating 1.0 mL of raw milk in 0.9% hexa-decylpyridinium chloride for
18–2hr at room temperature. From 1.0 mL of sediment, 0.02mL re-
sidual mucilaginous sludge was inoculated on modified Herrold's egg
yolk medium (HEYM) [35,36] with Mycobactin J (Allied Monitor Inc.,
MO, USA). Culture tubes were screened at weekly interval up to 20
months for the appearance of typical MAP colonies [37,38].

2.8. Indigenous ELISA (i_ELISA)

Assay was performed as per Singh et al. [28,31]. Briefly, each well
of flat bottom 96 well ELISA plate was coated with 0.1 μg of proto-
plasmic antigen in 100 μl of carbonate-bicarbonate buffer, (pH 9.6) per
well and incubated at 4 °C overnight. Plates were washed thrice with
PBST (PBS with 0.05% Tween 20) followed by blocking in 100 μl of
3.0% skimmed milk in PBS, incubated for one hour at 37 °C. Plates were
washed three times with PBST and then 100 μl of whole milk diluted in
PBST with 1.0% BSA in ratio of 1:1 was added as sample in duplicate
wells and incubated for 2 h at 37 °C. Plates were washed thrice followed
by addition of 100 μl of optimally diluted rabbit anti-bovine (1:6000 in
1X PBS) / caprine (1:5000 in 1X PBS) conjugate and again incubated for
one hour at 37 °C. Finally after five times washing, 100 μl of freshly
prepared OPD substrate was added and incubated till colour developed
(3–5min) at 37 °C. Absorbance was read at 450 nm in ELISA reader (i-
Mark micro-plate reader, Biorad). Milk from weak and culture positive
and healthy and culture negative and weak goats were positive and
negative controls, respectively. Optical densities (OD) were expressed
as sample-to-positive (S/P) ratios [39].

2.8.1. Analysis of OD values
S/P ratio = [(Sample OD – Negative OD) / (Positive OD - Negative

OD)]. Sample-to-positive ratios indicating corresponding status of bo-
vine JD in serum samples [39] was used for goat milk in this study.
Samples in low positive (LP), positive (P) and strong positive (SP) ca-
tegories were considered positive for MAP infection.

2.9. Dot- ELISA (d_ELISA)

Test was performed as per Singh et al. [28]. Briefly, tips of 12 legged
immune-diffusion combs (Advanced Microdevices pvt. ltd., Ambala,
Haryana) fixed with nitrocellulose membrane were coated with 1 μl
(2 μg of sPPA in 1 μl of carbonate-bi-carbonate buffer, pH 9.6) of sPPA
spot in middle were incubated for 2 h at 37 °C. Combs were dipped in
blocking solution (3.0% skimmed milk powder in PBS) for 1 h at 37 °C.
After washing in PBST combs were dipped in test samples (100 μl whole
milk in 1:2 dilution in 1% BSA in 1XPBST) for one hr followed by again
washing. Combs were incubated with 200 μl of rabbit anti-caprine HRP
conjugate solution at 37 °C for 30min., and finally dipped in 200 μl of 3,
3′-Diaminobenzidine (6mg / 10ml of 1X PBS), at room temperature till
development of brown colour (1–2min) (Fig 9). Once brown spot was
visible to stop the reaction combs were dipped in water. Positive and

negative controls used in i_ELISA were coated on two legs of each comb.

2.10. Latex Agglutination test (LAT)

Goat raw milk (n-465) samples were screened by LAT as per Singh
et al. [29,31]. Briefly, MAP antigen coated latex beads were prepared
using 10 μl of polystyrene latex beads (3.0 μm mean size, Sigma Al-
drich). Beads were washed four times in distilled water and re-sus-
pended in 20 μl of 0.5 M glycine saline buffer (1.4 gm glycine, 0.07 gm
Sodium Hydroxide, 1.7gm Sodium Chloride, 0.1 gm Sodium Azide in
100ml of triple distilled water) (pH- 8.6), then 20 μl of antigen (4mg /
ml) was added and incubated for 3 h at 37 °C in shaker incubator.
Mixture was centrifuged at 5000 rpm for 10min and after aspirating the
supernatant, mixture was re-suspended in blocking buffer (1% BSA in 1
X PBS) and mixed in shaker incubator for 45min at 37 °C. Finally beads
were washed twice in 1 X PBS. Milk sample (4 μl) was mixed with 2 μl
of antigen coated latex beads on a glass slide. Slide was shaken gently
and milk sample was considered positive, if agglutination was observed
within 2min and negative if no agglutination.

2.11. Statistical analysis

Statistical significance between two assays was measured. Mc
Nemar's test and kappa agreement methods were applied using Graph
Pad software, USA. Sensitivity and specificity of the assays were mea-
sured by Med-Calc software, Belgium.

3. Results

Each of the raw milk sample representing one goat, if found positive
in any one of the six assays was considered positive for MAP infection.
Screening of 465 lactating goats from farm and farmer's hreds in North
India showed high bio-load (65.3%) of MAP using six assays, and tests
had 95.3% agreement. Exclusively 4.5% milk were positive in in-
dividual assays {microscopy (0.2%), d_ELISA (3.0%) and LAT (1.2%)}
(Table 4). Therefore, of 65.3% (302) positive raw goat milk using six
assays, majority 60.8% (283) were positive in combination of more
than one assay. In combination of six, five, four, three and two assays,
9.4, 21.9, 11.3, 9.0 and 9.0% milk samples were detected positives,
respectively, (Table 4). Bio-load was higher (81.6%) in farmer's goats
(70.0–100.0%), as compared to farm (57.0%) goats (52.2–72.7%), lo-
cated at CIRG, Mathura (Table 1), Of the 465 goat milk screened by
antigen based assays, 48.8, 46.6 and 13.9% were positive by i_FAT,
microscopy and IS900 PCR, respectively (Table 2). Together, antigen
based assays detected 49.4% bio-load, exhibiting 96.5% agreement.
However, small percent (3.4%) were positive in single test (2.8 - i_FAT,
0.6% - microscopy) (Table 3a). In antibody based assays, 57.4, 55.7 and
39.1% milk were positive in d_ELISA, LAT and i_ELISA, respectively
(Table 2). Together antibody based assays detected, 62.7% bio-load,
exhibiting 90.7% agreement and only 9.2% were positive in single test
(d_ELISA-3.8% and LAT-5.3%) (Table 3b).

Bio-typing of representative (IS900 PCR positive) raw milk showed
majority (72.3%, 47/65) were bio-typed as ‘Indian Bison Type’ and rest
could not be bio-typed. Of 47 milk cultured, live acid fast MAP bacilli
were recovered in 27.6% (13/47) at the end of 6 months incubation at
37 °C (Table 2).

Statistically, kappa values and two-tailed p values were calculated
(Table 5). In antigen based assays, i_FAT and IS900 PCR had very good
and fair level of agreement with respect to microscopy. Using antibody
assays, d_ELISA and LAT had good and moderate level of agreement
with respect to i_ELISA, respectively. With respect to microscopy, i_FAT
and IS900 PCR had sensitivity of 98.6 and 29.9%, respectively. Speci-
ficity of i_FAT and IS900 PCR with respect to microscopy was 94.7 and
100.0%, respectively. With respect to i_ELISA, sensitivity of d_ELISA
and LAT was 100 and 91.7%, respectively. d_ELISA and LAT had spe-
cificity of 69.9 and 67.4% with i_ELISA, respectively (Table 5).
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4. Discussion

Association of Mycobacterium avium subspecies paratuberculosis,
with number of human disorders of auto-immune nature including
Crohn’s disease [4,11] has renewed interest in screening of milk sam-
ples. Percent share of milk from goats in 2014-15 was 3.54% (Annual
report 2015-16, page no. 4-5, Department of Animal Husbandry, Dai-
rying and Fisheries, Ministry of Agriculture and Farmers Welfare,
Government of India, New Delhi). Low per goat productivity was pri-
marily due to high bio-load and endemicity of MAP [1]. In the absence
of attention and control measures, MAP has become endemic in the
domestic livestock population of the country [40].

Serum and fecal samples have been widely used as 'test sample for
the screening of goatherds against Johne's disease, [41,1]. But in this
study, raw milk has been used as 'test sample' to estimate bio-load of
MAP in lactating goatherds. MAP bacilli present in milk, are not in-

activated during pasteurization [42,43], therefore besides raw milk
[44], liquid milk and milk products made from pasteurized milk
[45,46] also pose serious public health hazard [47–49]. Milk is im-
portant vehicle for the transmission of MAP (food/milk borne pa-
thogen) from goatherds to human population. Though milk is usually
not 'preferred sample' for screening of herds since only lactating females
in a population can be screened. But when available, milk is the most
convenient and easy to collect 'clinical sample' especially in large ru-
minants. Other workers in India [50–52] and globally [53,54] too used
milk as 'test sample' for the screening of lactating animals against JD.

In our earlier studies, before screening milk samples were processed
to concentrate MAP bacilli by centrifugation. On centrifugation MAP
bacilli were partitioned in fat and sediment layers [55]. But in this
study, raw milk samples were screened directly by multiple assays.
Direct screening of milk helped in simplifying test protocols and results
were obtained in quick time and it was essential step in the develop-
ment of field based test for the screening milk samples. Milk was con-
venient sample to collect from lactating large ruminants. Bulk milk
(pooled milk) tank test has been employed as the herd screening [20]
and for the estimation of National prevalence of MAP by many Eur-
opean countries.

Present study using multiple assays reported very high bio-load
(65.3%) of MAP in lactating goatherds of North India (Table 2). Bio-
load was lower (57.0%) in farm lactating goatherds (CIRG, Mathura), as
compared to farmer's goatherds (81.6%) from different parts of North
India. Bio-load was low in CIRG goatherds, due to regular screening and
culling of positive goats. Goats negative in microscopy but exhibited
clinical symptoms of stunting, loss of body weight, recurrent diarrhoea)
were also culled from CIRG goatherds [1]. Though by using 'test and
cull', methodology, we could not control JD. Culling in farmer's goa-
therds is seldom based on health or on the status of JD. Screening of
farmer's goatherds for JD was 'non-existence' in the country [55,56].
Similar situation may exist in other developing and poor countries
[57–59] also. Screening and culling of goats for JD at CIRG did not help

Table 2
Profile of diagnostic assays for screening of milk samples: Standardized for detection of MAP infection at CIRG, Makhdoom.

Assays Sample Test Period
/ sample

Dev.
Year

Detects Specificity
%

Sensitivity
%

1. Culture Feces Quali-
tative

Confir-
matory

120 days / 65 1988 Live bacilli 100.0 67.5
2. IS900PCR Feces 2 days / 40 2004 Anti-

gen
23.0

3. i_FAT Screen
-ing

4 hrs / 20 2015 93.5 83.5
4. Microscopy 2 hrs / 20 1984 60.0 80.5
5. LAT Milk 2min / 01 2015 Antib-

ody
70.0 82.2

6. Dot-ELISA Serum 4-5 hrs / 80 70.0 89.7
7. i_ELISA kit Quanti- tative 5 hrs / 90 1985 90.0 83.3

Dev - Developed / standardized in year.

Table 3a
Comparison of 'Antigen based' assays for detection of MAP in raw milk of in-
dividual goats (n-465)*.

Diagnostic
Assays

Antigen Detection assays, n (%) Total
Positives
n (%)Test Combinations

1 2 3 4 5 6 7 8

i_FAT + – + + – + – – 227
(48.8)

Microscopy + – + – + – + – 217
(46.6)

IS900 PCR + – – + + – – + 65 (13.9)
Total - 465 65

(13.9)
235
(50.5)

149
(32.0)

0 0 13
(2.8)

3
(0.6)

0 230
(49.4)

Antigen based assays detected 49.4% (230/465) raw milk positive or goats
positive for MAP infection; Perfect Agreement - 64.5% (300/465), Mis-match -
35.4% (165/465).

Table 3b
Comparison of 'Antibody based' assays in detection of MAP in raw milk of individual goats (n-465)*.

Diagnostic Assays Antibody Detection assays, n (%) Total Positives
n (%)

Test Combinations

1 2 3 4 5 6 7 8

i_ELISA + – – + + – – + 182 (39.1)
d_ELISA + – + + – + – – 267 (57.4)
LAT + – + – + – + – 259 (55.7)
Total -n

465
167 (35.9) 173

(37.2)
67
(14.4)

15
(3.2)

0 18
(3.8)

25
(5.3)

0 292 (62.7)

Antibody based assays detected, 62.7% (292/465) milk positive or goats positive for MAP infection; Perfect Agreement - 73.1% (340/465), Mis-match - 26.8% (125/
465).
*Total samples n -465; (-): Denotes the negative samples in individual test of that particular test combination; (+): Denotes the positive samples in individual test of
that particular test combination; 1-8: Maximum permutation and combinations possible in 3 test regimen; Total-n: Represents only total positive samples in that
particular test combination.
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to reduce the bio-load of MAP, instead it continued to increase [1]. In
four farm goatherds at CIRG, bio-load was minimum in lactating goats
of Jakhrana breed due to the vaccination of goats against JD [60].
'Indigenous vaccine' developed at CIRG was both therapeutic and pre-
ventive [61].

Present study showed that screening of lactating goats using six
assays, the bio-load of MAP was significantly high (65.3%). This high
bio-load may be due to the negative energy balance caused by 'milking
stress' on these goats. In simultaneous screening of other lactating do-
mestic livestock species, similar results were reported, wherein bio-load
of MAP was very high {sheep (95.2%, 20/21), cows (78.5%, 252/321)
and buffaloes (61.2%, 308/503)}. In a recent study based on 28 years
(1985–2013) of research on the bio-load of MAP in India, reported high
to very high bio-load (25.0–60.0%) of MAP in domestic livestock using
multiple assays. However, in goats the bio-load was low (average-
20.1%) and ranged from 11.1 to 35.1% in 28 years by multiple assays
[1]. It showed that lactation stress was the single biggest reason for
increase in the bio-load of MAP. Similar studies on the bio-load of MAP
in raw milk of dairy cattle showed MAP was endemic in the cattle herds
[40]. Before this study information on recovery of MAP from goat milk
were fewer and were based on limited number of milk samples [37,41].
High and continuous rise in bio-load of MAP was primarily due to

absence of National programs for the control of Johne's disease [62].
Of the three, 'Antigen detection' assays, highest positivity was re-

corded in i_FAT (48.8%), followed by microscopy (46.6%) and IS900
PCR (13.9%) (Table 2). Microscopy was simple to perform, cost effec-
tive and user friendly and could be developed as good 'field based test'
for the screening of milk samples. Limitation of the test was that it was
highly dependent on the expertise of person using it. Poor sensitivity of
IS900 PCR was due to low count of MAP bacilli in milk and also due to
the presence of inhibitory substances in milk, as reported by Chui et al.
[63]. In IS900 PCR, 13.9% milk samples were positive and were also
found positive by all 3 antigen detection assays. Therefore, IS900 PCR
could be 'confirmatory test' and had better detection rate (sensitivity) in
samples having high bio-load of MAP (heavy shedders). Other studies
also reported lower bio-load of MAP in milk in low shedder animals
using IS900 PCR [26,55]. I_FAT and microscopy had potential to be
developed as test kits. Besides i_FAT had good sensitivity (84.7%) and
specificity (90.4%) with respect to microscopy. Only few studies had
reported the effectiveness of i_FAT for the diagnosis of JD in tissue
samples [64–66] and in milk samples specifically [27,67,68].

In 'antibody based assays', d_ELISA was most sensitive (57.4%) fol-
lowed by LAT (55.6%) and i_ELISA (39.1%) (Table 2). i_ELISA has been
extensively evaluated in past> 25 years, since first developed at CIRG

Table 4
Comparison of Antigen and Antibody based assays for detection of MAP in raw milk of individual goats (n-465).

Diagnostic Assays Test Combinations, n (%)

1 2 3 4 5 6 7 8 9 10 11 12

i_FAT + – + + + + + + + + + –
Microscopy + – + + + + + – – + – –
IS900 PCR + – – + + – + – + + – –
i_ELISA + – + – + – – + + – – +
d_ELISA + – + + – + – + – – + +
LAT + – + + – + + + + – + +
Total- 465

n (%)
44
(9.4)

161
(34.6)

91
(19.5)

11
(2.3)

2
(0.4)

35
(7.5)

7
(1.5)

8
(1.7)

1
(0.2)

1
(0.2)

4
(0.8)

24
(5.1)

44
(9.4)

161
(34.6)

102
(21.9)

53
(11.3)

42
(9.0)

Diagnostic Assays Test Combinations, n (%) Total Positives
n (%)

13 14 15 16 17 18 19 20 21 22

i_FAT – + – + – – + – – – 227 (48.8)
Microscopy – + + – – – – – + – 217 (46.6)
IS900 PCR + – – – – – + – – – 65 (13.9)
i_ELISA + – – – + – – – – – 182 (39.1)
d_ELISA + – + + – + – + – – 267 (57.4)
LAT – + – – + + – – – + 259 (55.6)
Total-

n (%)
1
(0.2)

12
(2.5)

1
(0.2)

1
(0.2)

16
(3.4)

14
(3.0)

10
(2.1)

14
(3.0)

1
(0.2)

6
(1.2)

304 (65.3)

42 (9.0) 21 (4.5) 304 (65.3)

LAT- Latex Agglutination test; i_FAT- Indirect Fluorescent Antibody test.
Total samples n -465; (-): Denotes the negative samples in individual test of that particular test combination; (+): Denotes the positive samples in individual test of
that particular test combination; 1-22: Maximum permutation and combinations possible in 6 test regimen; Total-n: Represents only total positive samples in that
particular test combination.

Table 5
Sensitivity and specificity of diagnostic assays for the screening of raw milk of individual goats (n-465).

Assays Type Diagnostic Test Comparative Test Two tailed P value Kappa ± SE Strength of agreement Sensitivity (%) Specificity (%)

Antibody based LAT Indigenous plate ELISA <0.0001 0.551±
0.036

Moderate 91.7% 67.4%

d_ ELISA <0.0001 0.646±
0.032

Good 100% 69.9%

Antigen based i_FAT Microscopy <0.0001 0.931 ± 0.017 Very good 98.6% 94.7%
IS900 PCR <0.0001 0.313±

0.033
Fair 29.9% 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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(personal observation of corresponding author). Test can be good 'mass
screening test' at best. Singh and co-workers initially standardized
d_ELISA for the screening of serum samples of domestic livestock at
field level and reported higher bio-load (90.3%) as compared to i_ELISA
(85.8%) [69]. Later d_ELISA was standardized for the screening of milk
samples [28]. Besides, d_ELISA, LAT also had potential to be developed
as excellent ‘field based diagnostic kit' for 'mass/herd level screenings’
[29]. Other researchers employed LAT for the detection of bovine tu-
berculosis [70,71], cystic echinococcosis [72] and ovine brucellosis
[73]. Koo et al. [70] reported better sensitivity (86.7%) and specificity
(97.8%) of LAT in bovine tuberculosis.

In this study, newly standardized assays (LAT, i_FAT and d_ELISA)
were compared with widely used routine assays (i_ELISA, IS900 PCR
and microscopy) for the screening of MAP infection in clinical samples
(Table 6). Screening of goat milk by 'antigen based' assays showed
96.5% agreement whereas number of samples mis-matched were lower
(3.4%; i_FAT-2.8%, microscopy-0.6%) (Table 5a). In 'antibody based'
assays agreement was 89.8% with lower mismatch of 9.2% (d_ELISA-
3.8%, LAT-5.3%). This difference in screening of 'raw milk' was due to
fact that 'antigen based' assays were quantitative whereas 'antibody
based' assays were qualitative. Considering six assays together, the
agreement was 95.3% and mismatch of 4.7% (microscopy-0.2%,
d_ELISA-3.0%, LAT-1.2%). Only 3.0% milk samples detected positive
exclusively in d_ELISA may be due to the qualitative nature of the test.
Study reported that in case of 'raw milk samples', 'antibody assays' were
superior to 'antigen based' in screening of milk samples against MAP
infection. Of the three antibody assays used, not a single milk sample
was detected independently. Results of this study also validated 'i_ELISA
kit', as reliable screening test. With respect to choice of assays, study
showed that for 'mass screening' of milk samples, depending on pur-
pose, resources and finance any one of the assays (microscopy, i_ELISA,
d_ELISA, LAT) can be used. Six test combinations were superior to three
test combinations (Table 5a, 5b and 6). Therefore in chronic infections
like MAP, it was prudent to use multiple assays. Singh and co-workers
in 2014 recorded 7.6–69.8% and 23.0–84.4% bio-load of MAP in the
milk of goats and cattle, using 'Indigenous milk-ELISA’ and ‘IS900 PCR,
respectively [1]. In another study, Raghuvanshi et al. [50] reported
30.7, 13.8 and 7.6% milk samples positive for MAP by i_ELISA, mi-
croscopy and IS900 PCR, respectively. Co-relatively previous and pre-
sent studies reported poor sensitivity of IS900 PCR in the detection of
MAP bacilli in raw milk samples. Variable bio-load of MAP was re-
ported in small ruminants using routine assays [1]. No single test can be
recommended as 'confirmatory' for the screening of goatherds [23] and
use of multiple assays improved the probability of detecting a sample
positive (detection rate) in chronic infections like JD.

High sensitivity of 'antibody assays' in goats may be due to the fact
that source of antigen (PPA) was from a MAP strain 'S 5' ('Indian Bison
Type') recovered from a goat suffering from clinical JD at CIRG [34].
Recent studies by Singh and co-workers co-related all the six antigen
and antibody based detection assays for the screening of milk and milk
products made from pasteurized milk [31]. Wherein, 'antigen based'
assays together had higher' detection rates' as compared to 'antibody
based' detection assays. This is clearly due to modifications in the

protein moiety present in clinical sample, which gets destroyed due to
heating in pasteurization or due to denaturing of the proteins during
pasteurization. Therefore, in liquid milk and milk products made from
pasteurized milk, it may be prudent to select microscopy over 'i_ELISA
kit' as screening test [31]. Comparison of two assays combinations in
screening of raw milk showed that i_FAT confirmed the cases detected
by microscopy (considered having poor sensitivity) were 46.0% (214/
265) samples and only 0.6% (3/265) samples were detected in-
dependently by microscopy. Similarly in antibody detection assays, LAT
and d_ELISA showed better results and two assays together detected
50.3% positive (perfect agreement) and there was 9.2% mis-match.

All six assays were compared statistically and strength of agreement
was estimated to be ‘good’ for d_ELISA with respect to i_ELISA with a
kappa value of 0.646. For LAT with respect to i_ELISA, strength of
agreement was ‘moderate’ with kappa value of 0.551. The strength of
agreement was ‘very good’ for i_FAT with respect to microscopy with a
kappa value of 0.931 (Table 5).

Culture though 'Gold standard' cannot be a routine screening test
therefore was not included for the comparison purpose in this study.
However, six test combinations were used to replace culture in order to
establish presence of MAP infection. Representative samples were
screened by culture to confirm presence of live acid fast MAP bacilli in
milk samples. Of the 47 milk cultured, 27.6% were positive (Table 5).
Bio-type profiles of MAP were estimated using IS1311 PCR_RE. Only
175 MAP DNA could be bio-typed and out of which, 44.5% were 'Indian
Bison Type' as reported in earlier studies in dairy animals [26,74].
Outside India, 'Indian Bison Type' has not been reported so far, how-
ever, there is only one report of 'Bison type' MAP from wild bison in
Montana, USA [75], indicated 'Indian Bison type' was dominant bio-
type' in our domestic livestock.

Economy of dairy animals is linked to trading of high quality milk
and milk products and requires a sanitary control program with the
purpose of eradicating this disease. This is important especially when
viable MAP carried with milk and milk products escape current pas-
teurization standards, presenting potential threat to human population.
High bio-load of MAP as reported in the lactating goatherds in this
study, points to the fact that infection of MAP is rampant in domestic
livestock of the country and calls for immediate need for the control of
Johne's disease. Since JD is also protein loosing enteropathy is also
responsible for low per animal productivity of Indian domestic livestock
breeds [40]. It also causes negative energy balance in the body leading
to further stress on already scarce nutritional resources and the need to
keep large number of animals to meet domestic needs for milk and milk
products [69].

5. Conclusion

Bio-load of MAP was high in goats on the basis of screening of raw
milk using six assays. Study compared efficacy of six assays and iden-
tified better diagnostic test / test combination ('testing strategy') for
detecting presence of MAP in goat milk / goats. Study established the
role of milk as carrier of MAP to newborn animals and human popu-
lation. Study showed that MAP was the major, 'Milk born pathogen'.
Thereby, helping in perpetuation of MAP infection generations to
generations in animals and from animals to human population. The
choice of test for screening of a population depends on the purpose and
resources available. LAT, d_ELISA and microscopy had potential to be
good screening assays for screening of 'raw milk'. Whereas, i_FAT and
i_ELISA could be used as confirmatory assays. Milk was convenient and
good clinical sample for estimating bio-load of MAP in lactating ani-
mals.
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Table 6
Global bio-load of MAP in Goats raw milk: Country-wise.

Countries Sample type Assays Bio-load (%) References

Greece Raw milk Culture 7.7 Malli [76]
ELISA >50.0 Angelidou et al. [77] [78],

UK IMS-PCR <1.0 Grant et al. [79]
Norway IMS-PCR 7.1 Djønne et al. [80]
Italy PCR 44.8 Nebbia [81]

ELISA 6.8 Galiero et al. [82]
Brazil PCR 2.3 Schwarz et al. [83]
Netherlands ELISA >40.0 van Hulzen et al. [84]
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