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ABSTRACT

Three screening tests {(newly developed, six recombinant secretory proteins based 'cocktail ELISA', in-house
robust 'indigenous ELISA' based on semi-purified protoplasmic antigens and tissue microscopy were evaluated
with 'Gold standard', histo-pathology for the diagnosis of Johne's disease in goats and buffaloes. Serum and
tissues {mesenteric lymph nodes and intestines) were driven from farmer's goats (n = 77) and buffaloes (n = 40)
slaughtered for harvesting meat and farm goats (n = 77), died and necropsied. Twenty seven (35%) goats and 23
(57.5%) buffaloes were positive in all the four tests. Of 134 tissues screened by histo-pathology, 79.8% MLN and
76.8%, intestines, were positive for MAP infection. In tissue microscopy, 55.2 and 52.3%, goats and buffaloes
were positive, respectively. Of 117 sera screened by i_ELISA, 58.4 and 70.0%, goats and buffaloes were positive,
respectively. Whereas, c_ELISA detected 55.8 and 62.5%, goats and buffaloes, positives, respectively. Twelve
tissues (70.5%) of goats necropsied were positive, both in tissue microscopy and histo-pathology. Most sig-
nificant gross findings were serous atrophy of the fat and mild to moderate, diffuse thickening of terminal ileum,
especially at ileo-caecal junction with or without transverse / longitudinal corrugations. In histo-pathology
grade III and IV lesions were significantly low as compared to grade I and II. Of the four tests used for screening
268 samples, histo-pathology was most sensitive (78.3%), followed by i ELISA (62.3%), c_ELISA (58.9%) and
tissue microscopy (58.9%). Between two ELISA tests, c_ELISA using six recombinants secretory proteins, had
higher specificity as compared to i_ELISA.

1. Introduction

increase in cost of veterinary care, reduced milk yield, loss of pro-
ductivity, short life span, long calving intervals, premature culling and

Johne's disease (JD) cause by Mycobacterium avium subspecies
paratuberculosis (MAP), is characterized by chronic granulomatous en-
teritis and lymphadenitis, leading to diarrhoea, progressive weight loss,
reduce milk production and fertility in domestic livestock [1-3]. MAP
has also been associated with number of health disorders of human
beings, primates and wild animals [4-6]. JD causes huge negative im-
pact on the livestock economy globally [7-10].Losses result from
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increased incidence of other diseases [9-12]. Diagnosis of MAP is
challenging due to non-specific symptoms, long incubation period, long
or variable sub-clinical stage and shedding (intermittent or continuous)
of the bacilli in faeces [13,14].

Microscopy being simple, easy to perform, quick, inexpensive and
preferred as 'screening test' was evaluated with histo-pathology. Faeces
are major source of dissemination of disease and due to ease of
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sampling is the first choice. Moreover, clinical samples give reflection
of colonization of MAP bacilli in the intestines etc. Milk is also good
clinical sample to indicate colonization of bacilli and easy to collect.
Blood as test sample was the best but is difficult to collect from large
ruminants and owners were reluctance for this sample in this part of the
world. Target tissues (mesenteric lymph nodes and intestines) were best
as test sample for investigating MAP infection and extent of damage by
disease processs, in slaughtered and necropsied animals. Typical MAP
bacilli were identified based as presence of clumps of short acid-fast
bacilli (AFBs). In-view of the high sensitivity, repeatability, capacity to
test large number of samples (mass screening) and cost-effectiveness,
ELISA is the most widely used assay used to screen herds (‘'Herd test’),
against MAP infection [15]. However, specificity of ELISA test using
semi-purified protoplasmic (sPPA) or whole cell lysate of antigens, is
compromised [16-18]. MAP infection induces mucosal thickening in
small intestines (INT), enlargement of MLNs, serosal lymphatic vessels
and mild to marked granulomatous lesions in intestines (INTs) [19].
Infected cows and other animals remain asymptomatic shedders even
up to 2-5 years following infection and merely 10-15% of infected
animals exhibit clinical symptoms [3,19]. Sub-clinical cases of JD are
difficult to diagnose [20,21]. Emerging evidences suggest that in sheep,
histo-pathology was the better diagnostic approach to detect sub-clin-
ical infection of MAP [21].

In this study, we evaluated diagnostic efficacy of three screening
tests {two antibodies detection tests (newly developed six recombinant
secretory proteins based cocktail ELISA and semi-purified protoplasmic
antigens (sPPA) or whole cell lysate based in-house 'indigenous_ELISA
kit', and antigen detection tissue microscopy (Acid fast staining) with
respect to 'Gold standard' histo-pathology of target tissues (MLN and
intestines) for the diagnosis of JD in slaughtered and necropsied goats
and slaughtered buffaloes.

2. Material and methods
2.1. Collection of tissue samples

Samples; serum and tissues (lymph nodes and ileum) were collected
from goats (n = 77) and buffaloes (n = 40) slaughtered for harvesting
of meat during three years (2015-2017) period. Samples were also
collected from farm goats (n = 17) died and necropsied to know the
cause of death. Samples were driven mainly from the two adjoining
Indian states; Uttar Pradesh {Mathura (farm goats were located at
Central Institute for Research on Goats), Kosi and Agra} and Rajasthan;
Jaipur. Age of animals sampled ranged from1to 6 years. Tissues were
collected in 10.0% buffered formalin for histo-pathology. For micro-
scopy, tissues were collected in sterilized poly bags without adding any
preservatives.

2.2. Sample processing and tissue microscopy

Tissue samples of INTs and MLNs were collected and preserved in
10% neutral buffered formalin and subjected to histo-pathological ex-
amination as per previously described procedure [22]. Tissue sections
(4-5 pm) were cut and stained with Haematoxylin and Eosin (H&E)
staining [22]. Staining of tissue sections by tissue microscopy (ZN
staining) was performed as described previously [23] and part of tissues
were kept for molecular assays at 4°C.

2.3. Histo-pathology (H & E staining)

Histo-pathological lesions were graded as type I, II, III and IV, de-
pending on the type and density of cellular infiltrates (lymphocytes,
macrophages and epithelioid cells) in small INTs and MLNs as per
Hailat et al. (2010) [24]. Lesions having infiltration of lymphocytes in
larger amount with very few macrophages and epithelioid cells were
considered as grade I. Lesions having infiltration of lymphocytes in

Comparative Immunology, Microbiology and Infectious Diseases 66 (2019) 101338

lesser amount than grade I with some macrophages and epithelioid cells
(more than in grade I) were considered as grade II. Lesions having small
amount of lymphocytes with abundant epithelioid cells and macro-
phages forming micro granulomas were considered as grade III. Lesions
having few lymphocytes and large amount of epithelioid cells with
proliferation of Peyer’s patches and formation of micro granulomas
with giant cells were considered as grade IV (Table 2). Tissue sections
were considered positive for JD when macrophage infiltrations or epi-
thelioid cells were obvious in the lamina propria of the villi or sub-
mucosa.

2.4. Six Recombinant Culture filtrate Proteins (CFP) or secretory proteins
(SP)-based cocktail ELISA

'Indigenous ELISA’ (i_ELISA) using semi-Purified Protoplasmic
Antigens (sPPA) of MAP obtained from ‘S 5’ ‘Indian bison type’ [25]
biotype was developed in goats [26] and has been employed in cattle by
Sharma et al. (2008) [27] and buffaloes by Yadav et al., (2008) [55].
Six recombinant CFPs; MAP1693c; MAP 2168c; MAP ModD; MAP 85C;
MAP Pep AN and MAP Pep AC, based ELISA was used at 6 ug of six r-
CFPs (1 ug of each r_CFPs) to develop cocktail ELISA (c_ELISA) [5,28];
and 1pg of each individual r-CFP to develop recombinant-ELISA
(r_ELISA). Serum samples were collected from culture positive (clini-
cally infected) and culture negative animals and used as positive and
negative controls, respectively. OD values of the samples were ex-
pressed as sample to positive {S/P} ratios [29]. Animals in positive and
strong positive categories of the S/P ratios were considered positive for
MAP infection or JD. Sensitivity and specificity of ¢ ELISA was com-
pared with i_ELISA.

S/P ratio and corresponding status of JD:

S/P ratios revealed corresponding status of JD; between 0.00-0.09-
Negative (N), 0.1-0.24- Suspected / Borderline (S), 0.25-0.39- Low
Positive (LP), 0.4-0.99- Positive (P) and 1.0-10.0- Strong Positive (SP)
(Tables 1 and 5) [29].

S/Pratio value
_ ODat450 nm of test serum — OD at450 nm of negative control
~ ODat450nmof positive control — OD at 450 nm of negative control

2.5. Sensitivity and specificity

Sensitivity = True Positive X 100 / True Positive + False Negative
Specificity = True Negative X 100 / True Negative + False Positive

2.6. Statistical analysis

McNemar's test and kappa agreement have applied for the measure
the statistical significance between results of two tests (GraphPad
software, USA) (Tables 11-13).
3. Results

Two serological (i_ELISA and c_ELISA) tests and two antigen

Table 1
S/P ratios and corresponding status of JD .

S. No. S/P Ratio JD status in animal

1 0.00 - 0.09 Negative

2 0.10 - 0.24 Suspected or Borderline
3 0.25 - 0.39 Low Positive

4 0.4 -0.99 Positive

5 1.0 -10.0 Strong Positive

* Animals in Positive and Strong Positive categories of S/P ratio were taken
as ‘Positive’.
** As per Collins (2002).
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Table 2
Grading of pathological lesions present in the ileo-caecal junction of intestines and lymph nodes.
Grade Type of inflammatory cells
Lymphocytes macrophage Epitheloid cells PP prol. and crypts replacement Microgranuloma
I ++++ ++ + - -
I +4++ +4+++ +++ Moderate Yes/no
111 + +++ ++++ Severe Yes
IV (SP) + ++++ ++++ Calcification, caseous necrosis in the LN Granuloma with giant cells

SP- special, PP Prol.-Peyer’s patches proliferation, LN- lymph nodes.

Table 3

Grading of lesions for MAP infection in slaughtered goats, buffaloes and necropsied goats using histo-pathology.

Animals Tissues Histo-pathology
(Grading of lesions) n (%)
Negative Grade 1 Grade 11 Grade III Grade IV
Goats MLN-77 13 26 23 11 4
(Slaughtered) (16.8) (33.7) (29.8) (14.2) (5.1)
n=77 INT-77 16 23 27 8 3
(20.7) (29.8) (35.0) (10.3) (3.8)
Sub-total A 154 29 49 50 19 7
(18.8) (31.8) (32.4) (12.3) (4.5)
Buffaloes (Slaughtered) n = 40 MLN-40 11 17 9 2 1
(27.5) (42.5) (22.5) (5.0) (2.5)
INT-40 12 16 10 1 1
(30.0) (40.0) (25.0) (2.5) (2.5)
Sub-total B 80 23 33 19 3 2
(28.7) (41.2) (23.7) (3.7) (2.5)
Goats (Necropsied) n = 17 MLN-17 3 (17.6) 3(17.6) 7 (41.1) 3(17.6) 1(5.8)
INT-17 3(17.6) 5(29.4) 5(29.4) 3(17.6) 1(5.8)
Sub-total C 34 6 8 12 6 2
(17.6) (23.5) (35.2) (17.6) (5.8)
Grand Total (A + B+ C) 268 58 90 81 28 11
n= 134 (21.6) (33.5) (30.2) (10.4) (4.1)
58 210
(21.6) (78.3)

detection (tissue microscopy and tissues histo-pathology) were used to
screen samples of 134 animals (77 slaughtered goats, 40 slaughtered
buffaloes and 17 necropsied goats). Tissues (134 INTs and 134 MLN) of
goats and buffaloes revealed variable grades of lesions of JD in 103
(76.8%) ilea and 107 (79.8%) MLNs (Table 3). Most significant gross
findings were serous atrophy of the fat and mild to moderate, diffuse
thickening of terminal ileum, especially at ileo-caecal junction with or
without transverse / longitudinal corrugations. In clinical cases of JD,
especially in goats, ileo-caecal junctions were consistently thickened
and corrugated (Figs. 1, 2 and 4). MLNs showed lympho-follicular
hyper-plasia causing thickening of cortical area of lymph nodes and
enlargement (Figs. 1, 2 and 4). In slaughtered goats and buffaloes and
necropsied goats, 33.7, 42.5 and 17.6%, MLNs and 29.8, 40.0 and
29.4%, INTs, respectively had lesions of grade I (Table 3) and were
characterized by infiltrations of lymphocytes in larger amount with
presence of few macrophages and epithelioid cells without fusion and
formation of micro-granuloma (Fig. 9). Whereas, 29.8, 22.5 and 41.1%,
MLNs and 35.0, 25.0 and 29.4%m INTs, respectively had lesions of
grade II, characterised by infiltration of lymphocytes in relatively lesser
amount and higher number of macrophages and epithelioid cells
without forming distinct granuloma (Table 3; Fig. 5). While 14.2, 5.0
and 17.6%, MLNs and 10.3, 2.5 and 17.6%, INTs, respectively had le-
sions of grade III, characterized by severe infiltration of epithelioid cells
and macrophages forming distinct microgranulomas with presence of
few lymphocytes along with moderate proliferation of Peyer’s patches
(Table 3; Fig. 6). However, grade IV lesions were found only in 5.1, 2.5
and 5.8%, MLNs and 3.8, 2.5 and 5.8%, INTs, respectively, which had
infiltration of lymphocytes, macrophages and abundant epithelioid

cells forming sheet like appearance in lamina propria and sub-mucosa
of the INT along with severe hypertrophy of Peyer’s patches. Multi-
nucleated syncytia or giant cells near granuloma were also seen in
MLNs (Table 3 and Figs. 7 and 11). Cases were considered as grade IV
(special category) having calcification, typical granulomatous struc-
tures were observed in the lymph nodes. Cases in grades I and II were of
the initial developmental stages, since JD was spectral disease and
endemic in herds were kept in suspected category. Whereas, cases in
grades III and IV were considered positive for the active disease as per
the histo-pathological evaluation.

Tissue samples (INTs and MLNs) from 134 animals (77 slaughtered
goats, 40 slaughtered buffaloes and 17 necropsied goats) were screened
by tissue microscopy, and 80 (59.7%) tissues from MLNs and 78
(58.2%) from INTs (Table 4, Fig. 3) were positive for acid fast bacilli. In
slaughtered goats and buffaloes and necropsied goats, 55.8, 57.5 and
82.3%, MLNs and 54.5, 55.0 and 82.3%, INTs, respectively were posi-
tive in tissue microscopy'. While, 27.2, 30.0 and 17.6%, MLNs and 32.4,
27.5 and 29.4%, INTs were in 1+ category; 20.7, 13.7 and 41.1%,
MLNs and 19.4, 25.0 and 5 (29.4%), INTs were in 2+ category; 6.4, O
(0.0) and 17.6%, MLNs and 1.29, 2.5 and 17.6%, INTs were in 3+
category and 1.29, 0.0 and 5.8%, MLNs and 1.29, 0.0 and 5.8%, INTs
were in 4+ categories, respectively and were positive for AFB
(Table 4). Bacilli were seen either inside the macrophages or outside as
extracellular entity.

Table 5, exhibits clinical profile of goats with respect to the status of
MAP when OD values were converted to S/P ratio as per Collins (2002)
[32]. Cut off for MAP infected animals (Positives) in i_ELISA and
c_ELISA, had animals in strong positive (SP) and positive (P) categories.
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Fig. 1. Gross and lesions present in Ileo-caecal Junction of INTs, MLNs of MAP
infected goats: 1A. Generalized thickening and transeversefoldings in Intestine
of goat; 1B.Intestine showing corrugation, thickening with folded mucosa in
Intestine of goat; 1C.Enlarged, thickened and pulpy MLN in goat;
1D.Enlargement of MLN in goat.

Fig. 2. Gross and lesions present in Ileo-caecal Junction of intestine and me-
senteric lymphnode of MAP infected buffalo: 2A. Intestine showing corrugation,
generalized thickening and folded mucosa in Intestine of buffalo; 2B.Thickened
and pulpy MLN in buffaloes.

Comparative Immunology, Microbiology and Infectious Diseases 66 (2019) 101338

Table 4
Tissue microscopy in slaughtered goats and buffaloes and necropsied goats.

Animals Tissues  Tissue microscopy n (%)
Negative +1 +2 + 3 + 4
Goats MLN-77 34 21 16 5 1
(Slaughtered) (44.1) 27.2) (20.7) (6.9 (1.29)
n=77 INT-77 35 25 15 1 1
(45.4) (32.4) (194 (1.29) (1.29)
Sub-total A 154 69 46 31 6 2
(44.8) (29.8) (20.1) (3.8) (1.29)
Buffaloes MLN-40 17 12 11 - -
(Slaughtered) (42.5) (30.0) (13.7)
n = 40 INT-40 18 11 10 1 -
(45.0) (27.5) (25.0) (2.5)
Sub-total B 80 35 23 21 1 -
(43.7) (28.7) (26.2) (1.2)
Goats (Necropsied) MLN-17 3 3 7 3 1
n=17 (17.6) (17.6) (41.1) (17.6) (5.8)
INT-17 3 5 5 3 1
(17.6) (29.4) (294 (17.6) (5.8
Sub-total C 34 6 8 12 6 2
(17.6) (23.5) (35.2) (17.6) (5.8)
Grand Total 268 110 (41.0) 77 64 13 4
(A+B+QC) (28.7) (23.8) (4.8) 1.4)
n= 134 110 (41.0) 158
(58.9)

Low positive (LP) were not taken as positive since MAP infection was
endemic in the two livestock species in India. Screening of 117 serum
samples (77 goats and 40 buffaloes) revealed 62.3 and 58.9% positive
by i_ELISA and c_ELISA, respectively (Table 5). Comparison of c_ELISA
and i ELISA showed that results of positive and negative slaughtered
goats and buffaloes were comparable. The 2.5% positive samples of
slaughtered goats and buffaloes in i ELISA were missed by c_ELISA
(Table 5).

Of 77 slaughtered goats screened by histo-pathology, tissue micro-
scopy, i_ELISA and c_ELISA, 35.0 and 15.5%, slaughtered goats were
positive and negative in all the 4 tests. Highest number of goats (83.1%)
were detected in histo-pathology followed by tissue microscopy
(63.6%), i_ELISA (40.2%) and c_ELISA (37.6%) (Table 6). Of the 40
slaughtered buffaloes screened by tissue microscopy, histo-pathology,
i_ELISA and c_ELISA, 52.5 and 10.0% were positive and negative in all
the 4 tests. Highest numbers of buffalows (85.0%) were detected by
histo-pathology followed by i ELISA (65.0%), c_ELISA (60.0%) and
tissue microscopy (55.0%) (Table 6). Comparison of results in two test
combinations (histo-pathology and tissue microscopy) in slaughtered
goats and buffaloes and necropsied goats, 66.2, 57.5 and 70.5% were
positive and 15.5, 12.5 and 11.7% were negative, respectively
(Table 7). In four test combinations', c_ELISA had lowest sensitivity in
slaughtered goats and tissue microscopy had lowest sensitivity in
slaughtered buffaloes (Table 6). In the two tests combinations (tissue
microscopy and histo-pathology), tissue microscopy had lower sensi-
tivity in slaughtered goats and buffaloes and necropsied goats (Table 7).

3.1. Sensitivity and specificity of tests

A Slaughtered goats

a Comparison of tissue microscopy with histo-pathology: Sensitivity
of tissue microscopy and histo-pathology was 79.6 and 98.0% and
specificity was 92.3 and 48.0% in slaughtered goats, respectively
(Table 8).

b Comparison of tissue microscopy with i ELISA: Sensitivity of
tissue microscopy and i ELISA was 100.0 and 54.3% and specifi-
city was 59.6 and 100.0% in both the tests in slaughtered goats,
respectively (Table 8).

¢ Comparison of tissue microscopy with c_ELISA: Sensitivity of
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Table 5
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Evaluation of Indigenous ELISA and Cocktail ELISA using serum of slaughtered goats and buffaloes.

Animals i_ELISA, n (%) c_ELISA, n (%)
(n)
Negative Positive Negative Positive
Negative Suspected Low Positive Positive Strong Positive Negative Suspected Low Positive Positive Strong Positive
™) () (LP) (P) (SP) N) &) (LP) ®) (SP)
Goats (77) - 17 15 (19.4) 30 15 11 16 7 33 10
(22.0) (38.9) 19.9) (14.2) (20.7) (9.0) (42.8) (12.9)
Buffaloes (40) 1 9 2 26 2 9 2 3 16 10
(2.5) (22.5) (5.0) (62.5) (5.0) (22.5) (5.0) (7.5) (40.0) (25.0)
Sub-total A (117) 1 26 17 (14.5) 56 17 20 18 10 49 20
(0.8) (22.2) (47.8) (14.5) (17.0) (15.3) (8.5) (33.3) (17.0)
44 73 48 69
(37.6) (62.3) (41.0) (58.9)

i_ELISA- Indigenous ELISA, c_ELISA- Cocktail ELISA, N- Negative, S- Suspected, LP- Low Positive, P- Positive, SP- Strong Positive.

tissue microscopy and c_ELISA was 100.0 and 52.0% and speci-
ficity was 55.7 and 100.0%, respectively (Table 8).

d Comparison of histo-pathology with i ELISA: Sensitivity of histo-
pathology staining and i ELISA was 100.0 and 46.8% and speci-
ficity was 27.6 and 100.0%, respectively (Table 8).

e Comparison of histo-pathology with c_ELISA: Sensitivity of histo-
pathology and c_ELISA was 100.0 and 45.3% and specificity was
27.8 and 100.0%, respectively (Table 8).

f Comparison of i ELISA with c_ELISA: Sensitivity of i ELISA and
c_ELISA was 93.1 and 87.1 and specificity was 91.6 and 95.6% in
both the test (Table 8).

B Slaughtered Buffaloes

a Comparison of tissue microscopy with histo-pathology: Sensitivity
of tissue microscopy was 67.6 and 95.8% and specificity was 83.3
and 31.2% in slaughtered buffaloes, respectively (Table 9).

b Comparison of tissue microscopy with i ELISA: Sensitivity of
tissue microscopy and i_ELISA was 82.1 and 100.0% and specifi-
city was 100.0 and 70.5%, respectively (Table 9).

¢ Comparison of tissue microscopy with c ELISA: Sensitivity of
tissue microscopy and i_ELISA was 96.4 and 95.8% and specificity
was 41.6 and 83.3%, respectively (Table 9).

d Comparison of histo-pathology with i ELISA: Sensitivity of histo-
pathology and i ELISA was 96.4 and 79.4% and specificity was
41.6 and 83.3%, respectively (Table 9).

e Comparison of histo-pathology with c_ELISA: Sensitivity of histo-
pathology and i ELISA was100.0 and 76.4% and specificity was
42.8 and 100.0%, respectively (Table 9).

f Comparison of i ELISA with c_ELISA: Sensitivity of i ELISA and
c ELISA was 100.0 and 92.8% and specificity was 85.7 and
100.0%, respectively (Table 9).

C Necropsied goats
a Comparison of tissue microscopy with histo-pathology: Sensitivity

of tissue microscopy and histo-pathology staining was 85.7 and
92.3% and specificity was 66.6 and 50.0% in necropsied goats,
respectively (Table 10).

3.2. Statistical analysis

Statistical analysis was conducted using Mc Nemar test. P Value and
kappa agreement were calculated for various field samples vis-a-vis
combination of diagnostic techniques compared during the current
study.

a Slaughtered goats: P values were, 0.0033, 0.0001, 0.0001, 0.0001,
0.0001 and 0.6831 and Kappa agreements, 0.526, 0.489, 0.450,
0.230, 0.219 and 0.836 in tissue microscopy - histo-pathology;
tissue microscopy - i_ELISA; tissue microscopy - c¢_ELISA; histo-pa-
thology - i_ELISA, histo-pathology - ¢_ELISA and i_ELISA - c_ELISA,
respectively. Strength of agreement was perfect, poor, poor, poor,
poor and perfect, respectively (Table 11).

b Slaughtered buffaloes: P values were, 0.0094, 0.0736, 0.6171,
0.0771, 0.0133 and 0.4795 and Kappa agreements, 0.302, 0.734,
0.787,0.444, 0.494 and 0.886 in tissue microscopy - histo-pathology
staining; tissue microscopy - i_ELISA; tissue microscopy - c_ELISA;
histo-pathology - i_ELISA, histo-pathology - c_ELISA and i_ELISA -
c_ELISA, respectively. Strength of agreement was fair, substantial,
substantial, moderate, moderate and perfect, respectively
(Table 12).

c Necropsied goats: P values were 1.0000 and Kappa agreements,
0.463 in tissue microscopy - histo-pathology. Strength of agreement
was moderate (Table 13).

Fig. 3. Scrapping smears: (3A) Ileo-caecal Junction of intestine and (3B) mesenteric lymphnode showing typical MAP bacilli by Ziehl-Neelsen stain 100 X .
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Table 6
Comparison of tissue microscopy, histo-pathology, i_ELISA and c_ELISA in slaughtered goats and buffaloes.
Tests Combinations, n (%)
()
1 2 3 4 5 6 7 8 9 10
Tissue microscopy + - + - - + - + - +
Histo-pathology + - - + - + + + + +
i ELISA + - - - + - + - + +
c_ELISA + - - - - - - + + -
Slaughtered goats 27 12 1 13 0 18 0 2 0 4
(n =77) (35.0) (15.5) 1.2) (16.8) (0.0) (23.3) (0.0) (2.5) (0.0) (5.1)
Slaughtered buffaloes 23 4 1 7 1 0 1 0 3 0
(n = 40) (57.5) (10.0) (2.5) (17.5) (2.5) (0.0) (2.5) (0.0) (7.5) (0.0)
Table 7 Table 10

Comparison results of tissue microscopy, histo-pathology in slaughtered goats &
buffaloes and necropsied goats.

Comparative sensitivity and specificity of tests in necropsied goats.

S. No. Test TP TN FP FN Sensitivity (%) & Specificity (%)

85.7 & 66.6%
92.3 & 50.0%

1 Tissue microscopy 12 2 1 2
Histo-pathology 12 2 2 1

Tests Combinations, n (%)
1 2 3 4

Tissue microscopy + - + -
Histo-pathology + - - +
Slaughtered goats 51 12 1 13

(n =77) (66.2) (15.5) 1.2) (16.8)
Slaughtered buffaloes 23 5 1 11

(n = 40) (57.5) (12.5) (2.5) (27.5)
Necropsied goats 12 2 1 2

(n=17) (70.5) (11.7) (5.8) (11.7)

Table 8

Comparative sensitivity and specificity of tests in slaughtered goats.

S.No. Test TP TN FP FN Sensitivity (%) & Specificity (%)

79.6 & 92.3 %
98.0 & 48.0 %

1 Tissue microscopy 51 12 1 13
Histo-pathology 51 12 13 1

2 Tissue microscopy 31 25 21 0 100.0 & 54.3 %
i ELISA 31 25 0 21 59.6 &100.0%
3 Tissue microscopy 29 25 23 0 100.0 & 52.0 %
c_ELISA 29 25 0 23 557 &100.0%
4 Histo-pathology 30 13 34 0 100.0 & 27.6%
i_ ELISA 30 13 0O 34 46.8 & 100.0%
5 Histo-pathology 29 13 35 0 100.0 & 27.8%
c_ELISA 29 13 0 35 45.3&100.0%
6 i_ELISA 27 44 4 2 93.1 & 91.6%
c_ELISA 27 44 2 4 87.1 & 95.6%
Table 9

Comparative sensitivity and specificity of tests in slaughtered buffaloes.

S. No. Test TP TN FP FN Sensitivity (%) & Specificity (%)
1 Tissue microscopy 23 5 1 11 67.6 & 83.3%
Histo-pathology 23 5 1 1 95.8 & 31.2%
2 Tissue microscopy 23 12 0 5 82.1 & 100.0%
i-ELISA 23 12 5 0 100.0 & 70.5%
3 Tissue microscopy 23 13 1 3 88.4 & 92.8%
c-ELISA 23 13 3 1 95.8 & 81.2%
4 Histo-pathology 27 5 7 1 96.4 &41.6%
i-ELISA 27 5 1 7 79.4 &83.3%
5 Histo-pathology 26 6 8 0 100.0 & 42.8%
c-ELISA 26 6 0 8 76.4&100.0%
6 i-ELISA 26 12 2 0 100.0 & 85.7%
c-ELISA 26 12 0 2 92.8 &100.0%

4. Discussion

Johne's disease being insidious, chronic and stress dependant dis-
ease had spectral profile. Besides virulence of pathogen, development of
clinical disease was dependent on many factors like stress for the pro-
gression. Animals get MAP infection during pregnancy and at birth
through feeding of colostrum and milk, however, clinical symptoms
were non-specific (weight loss and diarrhoea), and appeared much later
(2-5 years or more). Meanwhile disease slowly progresses inside tis-
sues, and animals develop weakness and diarrhoea at much later stage.
Whereas, human beings exhibit symptoms of weakness, low grade
fever, frequent bowel movement, weight loss, etc.). Diagnosis of spec-
tral diseases like JD, is very challenging, since in a herd at particular
time animals are in different stages of infection. Therefore, no single
test can identify all the infected animals at any given time. Therefore, at
least two tests (one screening and one confirmatory), are needed for the
diagnosis of JD. Depending on our requirements and purpose, we can
select any one or more than one test combination, from the variety of
tests available and standardized at our laboratory. In view of the long
incubation period, intermittent shedding of bacilli, poor body condition
(weakness and weight loss), antibody response is weak and variable.
Poor nutrition and stressful conditions (over-crowding, production
stress, high incidence of other infectious / diseases, especially in de-
veloping countries like India), JD has become highly endemic in herds
and flocks of domestic livestock. Problems with existing global com-
mercial tests / kits is their low sensitivity [30,31] and high cost.
Therefore, depending on the MAP bio-types, epidemiology of disease
and intensity of MAP infection, pathogenicity, etc., every country
should endeavour to develop own tests using locally prevalent bio-
types. In India, using our native predominant biotype (Indian Bison
type), we have developed and standardized variety of diagnostic tests
for detection of antigen / bacilli (tissue microscopy, culture, i FAT,
Immuno-histochemistry based tests, Nano-Immuno Rapid test, PCR,
PCR RE, LAMP_PCR, TagMan probe q PCR, SYBR Green Real Time
PCR) and antibodies (i_ELISA, Latex Agglutination Test, dot_ELISA etc.).
Therefore, we continue to validate our tests with 'gold standard test' like
culture or histo-pathology. In the present study we compared newly
developed c_ELISA using six recombinant secretory proteins, i ELISA
and tissue microscopy with histo-pathology of the target tissues (INTs
and MLNs) in goats and buffaloes. Despite heavy to very heavy
slaughter rate of goats and buffaloes (in order to meet the requirement
of meat both for internal and external markets), JD continues to be
endemic in two livestock species [4].

MAP Infection leads to extensive damages in the infected tissues
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Table 11
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Comparison between tests in slaughtered goats using Mc-Nemar test and Kappa agreement.

Sn Tests compared P value Kappa Strength of agreement 95% Confidence interval
value
Status Value

1 Tissue microscopy vs Very significantly different 0.0033 0.526 Moderate 0.323 to 0.729
Histo-pathology

2 Tissue microscopy vs Extremely significantly different 0.0001 0.489 Moderate 0.329 to 0.650
i-ELISA

3 Tissue microscopy vs Extremely significantly different 0.0001 0.450 Moderate 0.293 to 0.607
c-ELISA

4 Histo-pathology vs Extremely significantly different 0.0001 0.230 Fair 0.106 to 0.353
i-ELISA

5 Histo-pathology vs Extremely significantly different 0.0001 0.219 Fair 0.099 to 0.338
c_ELISA

6 i-ELISA Not significantly different 0.6831 0.836 Perfect 0.711 to 0.962
Vs
c_ELISA

Kappa value (0.0 - 0.20, poor; 0.21- 0.40, fair; 0.41 -0.60, moderate; 0.61 - 0.80, substantial and 0.81-100, perfect).

(INTs and MLN) much before the development of clinical signs, there-
fore, histo-pathology isconsidered 'Gold standard' for detection of MAP
infection or diagnosis of JD. We estimated sensitivity and specificity of
newly developed six recombinant secretary proteins based ELISA
(c_ELISA) and robust indigenous ELISA (i_ELISA) kit as antibody de-
tection tests and tissues microscopy (antigen detection test).

On necropsy most significant gross findings were mild to moderate,
focal / diffuse thickening of terminal ileum especially at ileo-caecal
junction with or without transverse / longitudinal corrugations. MLNs
were severely enlarged approximately double in the size and were
found to be oedematous and juicy. In this study, 76.8% (101/134) INTs
and 80.5% (108/134) MLN showed various grades of histo-pathological
lesions which were characterized on the basis of infiltration of mono-
nuclear cells consisting of lymphocytes, macrophages and epithelioid
cells in lamina propria and sub-mucosa of INT and cortex and medulla
of MLNs with formation of micro-granuloma. Affected part of the INTs
revealed degeneration and partial to complete denudation of lining of
epithelial cells forming naked villi in this study and similar findings
have been reported by earlier workers [32,33]. Villi exhibited variable
changes that included dilated lacteals, villous distortion including
thickening and fusion of villi were observed [34]. Similar lesions such
as thickening of the intestinal villi with flat and wide tips, infiltration of
lymphocytes, macrophages and epithelioid cells in lamina propria of
INTs were also observed in this study. MLNs showed lympho-follicular
hyperplasia causing thickening of cortical area of lymph nodes with
variable degree of infiltration of lymphocytes, macrophages and epi-
theloid cells with or without formation of micro-granuloma

Table 12

Table 13
Comparison between tests in necropsied goats using Mc-Nemar test and Kappa
agreement.

Sn  Tests P value Kappa Strength of 95%

compared ——  value agreement Confidence
Status Value interval

1 Tissue Not 1.0000 0.463 Moderate —0.049 to
microscopy significantly 0.975
Vs different
Histo-
pathology

Kappa value (0.0-0.20, poor; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80,
substantial and 0.81-100, perfect).

(Figs. 4-10).

Grade I lesions were found in 32.8% (44/134) INTs and 34.3% (46/
134) MLNs (Table 3), characterized by infiltration of large number of
lymphocytes with few epithelioid cells in mucosa / sub-mucosa of INTs
and these lesions represented early stages of the infection and persis-
tence of MAP resulted in continuous antigenic stimulation and re-
cruitment of inflammatory cells [35]. Grade II lesions were found in 42
(31.3%) INTs and 39 (29.1%) MLNs and characterized by infiltration of
large number of macrophages / epithelioid cells with fewer lympho-
cytes. Lymphocytic and macrophage infiltrations were inversely cor-
related with each other, suggesting occurrence of antagonistic patho-
logical processes and macrophage infiltration was much correlated with
the presence of acid-fast bacteria [32,33]. Moreover, 12 (8.9%) cases

Comparison between tests in slaughtered buffaloes using Mc-Nemar test and Kappa agreement.

Sn Tests compared P value Kappa Strength of agreement 95% Confidence interval
value
Status Value

1 Tissue microscopy vs Very significantly different 0.0094 0.302 Fair 0.040 to 0.565
Histo-pathology

2 Tissue microscopy vs Not quite significantly different 0.0736 0.734 Substantial 0.524 to 0.944
iELISA

3 Tissue microscopy vs Not significantly different 0.6171 0.787 Substantial 0.591 to 0.984
c-ELISA

4 Histo-pathology vs Not quite significantly different 0.0771 0.444 Moderate 0.141 to 0.748
i-ELISA

5 Histo-pathology vs Significantly different 0.0133 0.494 Moderate 0.223 to 0.764
c_ELISA

6 i-ELISA Not significantly different 0.4795 0.886 Perfect 0.734 to 1.000
Vs
c-ELISA

Kappa value (0.0 - 0.20, poor; 0.21- 0.40, fair; 0.41 - 0.60, moderate; 0.61 - 0.80, substantial and 0.81-100, perfect).
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Fig. 4. Gross Photographs of goat mesenteric area: swollen ileo-caecal junction
of intestines and enlarged and swollen mesenteric lymph node.

Fig. 5. Goat intestine showing severe infiltration of mononuclear cells without
microgranuloma formation (Grade III lesions). histo-pathology 100 X .

Fig. 6. Intestine of goat showing severe infiltration of epithelioid cells with few
giant cells formation (Grade IV lesions), histo-pathology 200 x .
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Fig. 7. Mesenteric Lymph Node showing severe infiltration of macrophages
with vesicular nucleus (Grade IV lesions) in buffalo histo-pathology 400 x .

) \ O

Fig. 8. Intestine showing infiltration of macrophages with degeneration of
crypts filled with oedema fluid (Grade III lesions) in buffalo histo-pathology
400 x .

from INTs and 16 (11.9%) from MLNs showed grade III histological
lesions, while, only 5 (3.7%) cases from INTs and 6 (4.4%) from MLNs
showed grade IV histo-pathological lesions. Grade III and IV histolo-
gical lesions were characterized by severe infiltration of epithelioid
cells with formation of distinct micro-granuloma, while 'giant cells'
were also observed in grade IV lesions (Table 3). Lesions found in the
current study were earlier described in multi-bacillary cases of ovine
paratuberculosis [21,36,37], Gross lesions were clearly visible in le-
sions of grade III and IV. However, another study reported, gross lesions
were clearly visible only in sheep with type 3b and 3c lesions [38].
Accumulation of macrophages and epithelioid cells and formation
of granuloma in cortex and medulla suggested that mycobacteria may
have entered lymph nodes through afferent lymphatic with spread of
infection subsequently to para-cortex through sub-capsular sinuses and
then migrated to medullary areas in later stage of infection. Distinct
granuloma at places were formed and follicles became depleted after
chronic outflow of lymphocytes in the lymph node conform the findings
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Fig. 9. Severe infiltration of epithelioid cells with few giant cells formation
(Grade IV lesions) in intestine of goat. histo-pathology 400x.

Fig. 10. Goat MLN showing infiltration of vesicular macrophages with oedema
fluid (Grade III lesions). histo-pathology 400x.

of several workers who reported similar development of lesions in
lymphoid organs in paratuberculosis in sheep and goats [32,38]. In the
present study mucosal thickening and corrugations were attributed to
mononuclear cell infiltration and similar findings were previously re-
ported which deciphered that inflammatory cell infiltrates were re-
sponsible for much of the increased thickness in the mucosa and sub-
mucosa combined with villous atrophy [36,39].

Four paired specimens of INTs and MLNs from slaughtered goats
with immune-histo-chemical tests on paraffin-embedded tissue sec-
tions, using MAP hyper-immune serum. Immuno-histochemical tech-
niques detected positive samples and produced more clearly visible
reactions than did acid-fast staining.

In present study, a total of 158 (58.9%) histo-pathological tissues
revealed the presence of acid-fast bacilli [81 (60.4%) INTs and 77
(57.4%) MLNs] (Table 4). In accordance with our findings, Clarke et al.
(1996) reported 50.0% pauci-bacillary cases positive in tissue micro-
scopy [36]. In this study, 77/268 (28.7%), 64/268 (23.8%), 13/268
(4.8%) and 4/268 (1.4%) tissues found AFB positive were from grade I,
II, III and IV lesions, respectively (Fig. 3).

ELISA is efficient in detecting smallest amounts of antibodies

Comparative Immunology, Microbiology and Infectious Diseases 66 (2019) 101338

Fig. 11. Goat MLN showing loose aggregates of mixed population of macro-
phages, epitheliod cells with some cells fuse to form giant cells (Grade III le-
sions). histo-pathology 400x.

therefore has highest sensitivity among all the serological tests used for
MAP [40]. Removal of cross-reacting antibodies by absorbing sera with
Mycobacterium phlei has improved the specificity of ELISA [41]. How-
ever, over the years in India, there is change in the microflora of GIT of
domestic livestock, due to the intensification of livestock husbandry
from extensive system and disappearance of forests and access to forest
area. Some studies reported 98.8 [42], 99.7 [43] and 97.4% [44] spe-
cificity and sensitivity of the assay was highly compromised because of
foreign nature of the strain of MAP used as antigen source [45]. In
general, sensitivity of the ELISA test has been found to be highest in
animals with clinical signs of the disease, since antibody titers were
higher in the clinical stages of the infection [46,47]. Major benefit of
these tests is easy mass scale screening of animals. Selection of antigens
is the major challenge in development of pathogen specific ELISA test
and sensitive detection. Antibodies produced against shared epitopes of
closely related species of organism can contribute to cross-reactivity
and exhibit false-positive results and fluctuations in antibody titers and
hence development of ELISAs with optimum specificity for the entire
mycobacterial diseases, together with human tuberculosis (Myco-
bacterium tuberculosis), leprosy (Mycobacterium leprae), bovine tu-
berculosis (Mycobacterium bovis), as well as JD (MAP) is challenging. At
the Central Institute for Research on Goats (CIRG), Mathura, India, an
ELISA was initially standardized by harvesting antigen from an advance
case of clinical JD in a goat followed by using ‘Tepes strain’ of MAP
used for making Johnin at IVRI, Izatnagar, India and subsequently used
own culture-based antigens [4,48] from 'S 5' strain of MAP, a new bio-
type, recorded first time in the world [25]. Based on our experience of
working on JD since Dec., 1984, MAP bacilli takes long time in dou-
bling (multiplication), use of semi-purified whole cell protoplasmic
antigen from locally prevalent immuno-dominant biotype (Indian Bison
type) has been found to be best both as screening test and for the di-
agnosis of MAP infection in domestic livestock [4]. This 'indigenous
ELISA test' has since been successfully employed for screening of serum
and milk samples of all the domestic livestock species and human
beings for the detection of MAP infection and also for the monitoring of
the response to the 'indigenous vaccine' developed using this strain (S 5)
of goat origin [54]. Based on the likely hood ratio method of Collins
(2002) has helped to convert this assay into an ‘Indigenous ELISA kit’
[29]. Ideal characteristics of 'diagnostic antigens' should be the high
antigenic property, uniqueness to MAP, easy recognition of infected
animals in all the stages of the disease (early/ late stages, sub-clinical/
clinical stages) by remaining recognizable throughout the course of the
infection. Diagnostic test for MAP using only immuno-dominant anti-
gens, should use a cocktail of antigens in view of the spectral nature
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[49], long range of heterogeneous MHC molecules present in various
out-bred animals [49] and differentiate range of antigens expressed by
MAP [50]. Mon et al. (2014) recommended use of individual antigens
that were able to identify a subset of clinically infected animals. how-
ever, cocktail of antigens could be a superior candidate for serological
diagnosis of JD [51]. In this study, screening sera samples of 77 goats
and 40 buffaloes revealed, 73 (62.3%) and 69 (58.9%) were positive for
MAP infection by i_ELISA and c_ELISA, respectively. Comparison of
c_ELISA with i ELISA showed that results of positive and negative
slaughtered goats and buffaloes were comparable. But 2 (2.5%) samples
positive in i ELISA, were missed by c_ELISA in goats serum. Similar
results were observed in slaughtered buffaloes (Table 5).

Using semi-purified protoplasmic antigen (sPPA) of goat origin
harvested from 'Indian Bison type' biotype of MAP (strain 'S 5’) based
‘i_ELISA' has been standardized for four domestic livestock species [4].
Large number of studies exist comparing sensitivity and specificity of
ELISA assays (available commercially or with different scientists) for
the screening and diagnosis of MAP infection in cattle and sheep
[31,37,45,52]. However studies are limited with respect to goats and
buffaloes, since both being Asian animals. i ELISA had significantly
higher sensitivity as compared to commercially available ELISA kits
[30,31,45]. I ELISA also correlated well with culture and was good
screening test for the domestic livestock [26,27]. In another study,
sensitivity and specificity of i ELISA was 66.6 and 75.0% and 68.1 and
66.6% with respect to tissue culture and IS900 PCR; respectively [53].
Kumar et al., (2006), examined sensitivity of fecal microscopy with
fecal culture and serum i_ELISA and was 90.0 and 65.0%, respectively
and agreement was substantial with both tests [56]. Other studies also
reported that i_ELISA kit had improved detection rate of MAP in test
samples using multiple tests. Using i ELISA, the detection rate of MAP
was increased considerably. Using i_ELISA, the bio-load of MAP re-
corded increase from 28.9 to 47.0% (Singh et al., 2014) [4]. Yadav et al.
(2008) used i_ELISA for the screening of slaughtered buffaloes abd none
and 46.7% animals were positive using purified protoplasmic antigen
(PPA) of bovine origin (Allied Monitor Inc., USA) and sPPA of native
strain (S5) biotype as 'Indian Bison type' biotype of MAP, respectively
[55]. This study showed buffaloes being Asian animal exhibited very
low sensitivity with commercial antigen based on foreign (US 'cattle
type biotype") strain (Allied Monitor Inc., USA). Kumar et al. (2006)
indicated greater sensitivity of species specific antigens [62]. Chaubey
et al. (2015) reported i ELISA (g-ELISA) with respect to commercial
antigen based b_ELISA and commercial sr_ELISA had 100.0 and 100.0%
sensitivity and 44.4% and 11.4% specificity, respectively [45]. Pa-
hangchopi et al. (2014) reported superiority of the antigens used in
i_ELISA harvested from MAP strain (S 5), in AGPT as compared com-
mercial antigen (ATCC 19698, UK used for making Johnin in India
[52]. Chaubey et al. (2018) compared sensitivity and specificity of EV
ELISA with i_ELISA, was less sensitive [57]. These studies highlighted
lowered sensitivity as major problem of PPA antigens from foreign bio-
types and used in commercial ELISA kits. Antigen source and pur-
ification were major factors crucial for sensitivity and specificity in
ELISA kits. Secreted proteins have been acknowledged to play central
roles in bacterial-host interactions. Secreted proteins present in culture
filtrate of MAP, have been focus of this study since considered to be
immune-dominant and involved in inducing protective immunity [5].
MAP specific secretary antigens can serve as markers for early diagnosis
of JD. Comparing secretary proteins with other cellular proteins
showed greater sero-reactivity in MAP infected animals. Secretary
proteins are also focus in DIVA based diagnostics and vaccine devel-
opment. Range of new immunologically important secretary antigens
have been identified in MAP using 2D-gel electrophoresis, chromato-
graphy, mass spectrometry and peptide mass finger printing. Secretary
antigens have major impact on development of novel sero-diagnostic
techniques with improved sensitivity and specificity [58-61]. Cho et al.
(2007) examined serum from infected cattle for immune-blotting which
showed infected serum samples reacted strongly with secretary
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antigens as compared to antigens of intracellular origin [62]. Sensitivity
of sero-diagnostic test improved with use of MAP culture filtrate (CF)/
secretory proteins and similarly in case of other mycobacterial patho-
gens, including M. bovis and M. tuberculosis [63-65]. Use of MAP CF
antigens in ELISAs increased assay sensitivity by 25% over commercial
ELISA’s for low MAP shedding animals [66]. Recently, early diagnosis
was addressed using experimentally infected calves and screening for
antibody responses to a panel of 96 recombinant MAP antigens [67].
Antibody responses were detected as early as 70 days post-infection.
However, fluctuations in antibody responses and epitope specificity
were observed over 321days [68]. The variability in achieving peak
titer varied as per the damage to the lymphoid system (MLN, Peyer's
patches) in the infected animals [69]. In Indian conditions, animals in
all the four livestock species are endemic for MAP infection [4],
therefore normal condition of animals (physical and internal, especially
lymphoid tissues) is weak and very poor, which leads to slower re-
sponse to MAP infection. Many times animals escape the cut off S/P
ratio due to poor antibody response. Therefore in Indian conditions,
where MAP infection is endemic and condition of domestic livestock is
poor due to low grade / quality and in-sufficient nutrition, production
and environmental stress etc., the cut-off for positive S/P ratio in ELISA
assays (i_ELISA and c_ELISA) should be dynamic and decided herd to
herd and animal to animal. However, it may not be practical, therefore
current focus is to first get rid of super-shedders or animals in high cut-
off range (Positives and strong positives in S/P ratio) and in second and
third stages these cut-offs can be lowered to include low positives as
positives. If we include at this stage, the number of animals positive will
be too high to manage. Some studies suggested that secreted proteins
may be better as solid-phase ELISA antigens resulting in a more sensi-
tive assay [62,69]. Pradenas et al. reported that most CF proteins have
low molecular weight and reacted strongly with sera from culture-po-
sitive cases of JD [70]. They observed a high degree of difference in CF
protein immune reactivity in MAP infected animals. Serum samples
from cattle with clinical JD or heavy fecal shedders of bacilli reacted
more intensively to CF proteins. Infected goats and sheep serum sam-
ples showed reactivity with CF proteins tested in immune-blots. These
results suggested that a cocktail of CF proteins of MAP could be good
candidates as antigens for diagnosis of JD. Dheenadhayalan et al.
(2002) also reported immunogenicity of five recombinant antigens,
namely MAP 2411,ClpP (MAP 2281c), Ppa (MAP 0435c), 990
MAPO0593c and GreA(MAP 1027c) [71]. These recombinant antigens
were tested with serum samples from 41 sheep with known MAP in-
fection and 41 non infected control sheep. Two of these antigens, MAP
0593 c and ClpP, reacted against 58.5% and 46.3% test positive sera
and 12.1% and 4.9% of the 995 negative control sera, respectively. An
earlier study tested recombinant antigens of Ag85A, Ag85B, Ag85C and
SOD in ELISA with sera from 60 MAP shedding cows and 22 non-
shedding cows [61]. Antigens of the Ag85 complex and SOD showed
high reactivity against sera from the MAP shedding cows and little
reactivity against sera from the non-shedding cows. Otherwise also
commercial production of ELISA kits using recombinant proteins will
have more uniform results as compared to ELISA kits developed from
MAP strain in continuous passage (Strain S 5 of MAP, Indian Bison
Type) and may not show uniform results and may vary from batch to
batch, which is not desirable in commercial kits.

5. Conclusion

Study concluded that the sensitivity of histo-pathology was highest
as compared to other routinely used tests for the diagnosis of MAP in-
fection. Specificity of newly developed c_ELISA test was higher as
compared to i_ELISA and exhibited better profiling of results using this
newly developed assay (c_ELISA). Histo-pathology, though highly sen-
sitive could be employed to finally assess the status of disease based on
the pathological lesions and helped in determined the limits of detec-
tion of i_ ELISA and c_ELISA, which was comparable. c_ELISA had better
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specificity as compared to i ELISA, using six recombinant secretory
antigens.
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