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ABSTRACT

Johne’s disease or paratuberculosis is a chronic mycobacterial infection that affects cattle, sheep, goats and other rumi-
nants, adversely, leading to huge economic losses throughout the world. The estimation of sero-prevalence of this dis-
ease in the cattle population of south-western Bangalore, Karnataka, using an immunological assay and statistical
analyses, was the objective of this study. One of the diagnostic tools used to detect an antigen or an antibody in animal
serum or milk is the Enzyme Linked Immuno-Sorbent Assay, which has been widely used in the research and diagnosis
of animal and human diseases as its accuracy is of nanogram-picogram/milliltre level. In the present study, indirect-
ELISA was used to diagnose and estimate the sero-prevalence of paratuberculosis in cattle showing diarrhoea and/or
anaemia, at 5 local dairy farms in south-west Bangalore, India. Out of 350 bovine serum samples, 53 (15.14%) were
positive, 55 milk samples out of 300 were found positive (18.33%) for antibody against Johne’s disease by indirect
ELISA. The positive samples were then confirmed by direct smear examination of dung by Ziehl-Neelsen staining. Sta-
tistical analyses were carried out to indicate the seroprevalence of Johne's disease in the cattle population of this region
to be 15 + 10%, taking a confidence interval of 95%. The results emphasize the need to prevent the further spread of
infection to other susceptible animals and humans as the causative organism, Mycobacterium avium subsp. paratuber-

culosis is implicated in Crohn's disease, an irritable bowel syndrome in humans.
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1. Introduction

Johne’s disease (JD), caused by Mycobacterium avium
subsp. paratuberculosis, is one of the most prevalent in
many countries worldwide and economically important
diseases of livestock and other ruminants. However, it
largely goes unnoticed as its symptoms may be unfamil-
iar to most farmers and clinicians. JD was first diagnosed
in India in 1913 at Hissar followed by reports from dif-
ferent parts of the country with incidence ranging from
1.78% to 1.9%, indicated by [1]. Latest reports [2] reveal
an increased sero-prevalence of JD, world wide ranging
from 15% to 78%, 68.1% of US dairy farms are infected
with Mycobacterium avium subsp. paratuberculosis
(MAP) and also suggests that at least one out of every
four United States dairy may have a relatively high per-
centage of Johne’s-infected cows in their herds. Nether-
lands recorded 55% prevalence [1] and in Denmark re-
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ported 47% prevalence of JD [3]. Approximately 29.0%
(28.6% in buffalo and 29.8% in cattle) of sero-prevalence
of JD is reported in northern India. [4] reported sero-
prevalence of 31.9% and 23.3% in Uttar Pradesh and
Punjab states respectively. The apparent prevalence of
JD is 13.39% and 16.26% in Gujarat and Andhra Pradesh
respectively [5].

Johne’s disease or paratuberculosis in animals is in-
curable, chronic wasting and debilitating disease charac-
terized by weight loss and profuse diarrhoea. Paratuber-
culosis is principally a disease of ruminants but disease is
also noticed in non ruminant animal species (pigs, dogs,
horses, cats, etc.) including free ranging animals (Blue
bull, deer, rabbits) and primates [6]. Johne’s disease ad-
versely affects animal productivity leading to huge eco-
nomic losses and has been recognized as one of the most
costly infectious disease of dairy cattle in the world [7].
MAP shows a distinct tissue tropism and causes chronic
inflammation of the intestine even if administered sub-
cutaneously or intravenously. The regions of the gas-
tro-intestinal tract usually affected are the terminal ileum
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and colon with segmental lesions as well as rectal in-
volvement. The gut wall is thickened, the mucosa is
swollen with occasional ulcers and the regional mesen-
teric lymph nodes are enlarged. Microscopically, MAP
disease in animals shows a broad range of histopa-
thological characteristics in the gut wall, from pluribacil-
lary disease with abundant Ziehl-Neelsen positive acid-
fast bacilli in intestinal macrophages, to an extreme pau-
cimicrobial form with no visible acid-fast organisms and
florid chronic granulomatous inflammation [8]. Paratu-
berculosis appears in a range of forms from a disease
with high prevalence and significant mortality through to
one with very low prevalence and little obvious morbid-
ity or mortality [9]. The morbidity rates are very high and
distributed over a period of time thus losses in production
go unnoticed and have never been estimated in India de-
spite low per animal productivity as reported by [10].
Systematic surveys of MAP infection have not been un-

dertaken though JD is endemic in domestic livestock [11].

After infection has taken place but before clinical symp-
toms are apparent, the infected animal likely sheds bacte-
ria [12]. These bacteria can contaminate the calving and
housing areas and infect other animals in the herd. The
evidence by [13], suggests that MAP shed in the milk
from dairy cattle may cause Crohn’s disease in humans
as pasteurization does not kill the bacteria.

Control and management of Johne’s disease are com-
plicated by the lack of a rapid, sensitive diagnostic test
for identifying diseased animals before clinical signs
develop. Paratuberculosis is not only chronic but is also
currently incurable and often remains in a subclinical
state for years as reported by [14]. Thus, it is important to
diagnose the disease as early as possible to reduce losses
and also spread of infection to susceptible animals and
humans. The diagnostic tests to detect infection with
MAP can be categorized into those that identify the or-
ganism and those that identify an immunological reaction
to the organism.

The immunological test that is widely available and
commonly used is the Enzyme Linked Immunosorbant
Assay (ELISA), which detects antibody in serum [15] or
milk [16] that correlates with an antibody response to
MAP. The ELISAs have been desirable tests to use be-
cause of their ease of sample collection (blood or milk),
rapid test results (within a week), and relatively low cost.
Its sensitivity is greater than that of the Complement
Fixation test (CFT) in subclinically infected carriers. The
specificity of the ELISA is increased by Mycobacterium
phlei absorption of sera. [17] stated that paratuberculosis
can also be diagnosed by detection of serum antibodies
(serological tests), by identification of bacteria (faecal
cultures), and by PCR using DNA probes.

The diagnosis of Johne’s disease in animals may help
in prevention of spread to susceptible animals in the herd
and also humans. Hence the present study was under
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taken with the objective to estimate the incidence of JD
infection in cattle population of south-west Bangalore
using ELISA (Institut Pourquier, ELISA Paratuberculosis
Antibody screening). The presence of MAP was con-
firmed by direct smear examination of positive samples
by Ziehl-Neelsen staining.

2. Materials and Methods

A stratified two-stage random sampling procedure was
employed to obtain reasonably valid and precise preva-
lence estimates from each of the herds at the 5 local dairy
farms [18]. Approximately 70 cows from each of the 5
farms were randomly selected for this survey. This num-
ber of animals was derived from sample size calculations
for estimation of prevalence of diseased animals in a
population. The formula assumed an estimated average
prevalence of disease of 10%, an allowable error of 10%,
and a confidence level of 95%, using sample size calcu-
lations as described by [19].

2.1. Collection of Samples

2.1.1. Blood Samples

About 350 bovine blood samples were collected from the
Red Sindhi breed of cows which showed signs of diar-
rhoea and/or anaemia, at 5 local dairy farms in south-
west Bangalore, having no previous history of paratu-
berculosis. These 3 - 4 year-old cows were tested once a
year for paratuberculosis by CFT method. Aged cows of
15 - 18 years of age were excluded from this study as
they were fewer in number and were isolated from the
young lactating female cows. About 9 ml of blood was
collected aseptically from the jugular vein of each animal
in a vacutainer with serum clot activator. The tubes were
kept in upright position at room temperature for about 2
hrs. The separated serum was collected in a screw capped
plastic vials and transported to the laboratory.

2.1.2. Milk Samples
About 300 milk samples were collected from lactating
cows of the same herd as mentioned above.

2.1.3. Dung Samples from Cows Tested Positive by
ELISA

Approximately 2 g of dung sample was taken and mixed
with 10 ml of saline. The solution was centrifuged at 800
rpm for 20 minutes and the pellet was discarded. The
collected supernatant and intermittent were centrifuged
again at 800 rpm for 20 minutes. Then the pellet was
collected and stored at 4°C.

2.2. Procedure

ELISA kit (from Institut Pourquier, France) was used for
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the detection of Mycobacterium paratuberculosis anti-
bodies in serum and milk samples. The 350 serum sam-
ples were pooled in to form 70 samples in batches of 5
for efficient screening. The pooled samples found posi-
tive, were again tested individually to determine the ex-
act positive serum sample. To eliminate the cross-reac-
tions with atypical mycobacteria, samples to be tested
were diluted and incubated in a dilution buffer containing
a Mycobacterium phlei extract. The controls, serum and
plasma were diluted to 1/20 in dilution buffer in micro
tubes. The milk samples were diluted to 1:2 in dilution
buffer in micro tubes. These tubes were shaken and in-
cubated for 15 minutes at +21°C (5°C).

The contents of the microtubes were dispensed in the
96 well plates using a multi-dispensing pipette (Trans-
ferpette™). About 100 ul of diluted negative control was
added to well A1, 100 pl of diluted positive control was
added to wells Bl and C1, and 100 pl of each diluted
sample (serum, plasma or milk) to test per well (only one
well per sample to test) was added. The contents of the
wells were homogenized by gently shaking the plate in a
plate shaker. The plate was covered (with a lid, alumin-
ium or an adhesive foil) and incubated for 45 minutes
(3 minutes) at +21°C (£5°C), after which, the wells
were washed with the washing buffer, manually three
times by a flick-off method.

The conjugate was diluted to 1/100 with the “Dilution
Buffer 1” (provided in the kit) and 100 pl of this diluted
conjugate was added per well. The plate was covered
(with a lid) and incubated for 30 minutes (£3 minutes) at
+21°C (£5°C). The plate was washed again by the same
method. Then, 100 pl of the “revelation solution” was
added to all the wells of the plate and incubated at room
temperature for 10 minutes, after which, 100 pl of “stop
solution” was dispensed per well. The plate was shaken
gently until the colored solution homogenized.

To confirm the results of ELISA, a direct smear ex-
amination of dung samples of cows tested positive by
ELISA was carried out using the Ziehl-Neelsen method.
The pellet was smeared in a glass slide and air dried. The
smear was covered carbalfuschsin and steamed over
boiling water for 10 minutes. After washing, the slide
was decolorized with 5% H,SO, for 2 minutes. The slide
was rinsed with water to stop the decolorization action.
Then, the smear was counterstained with methylene blue
for 30 seconds. After washing, blot dried and examined
under oil immersion.

2.3. ELISA Analysis

The microplate reader was blanked on air and the optical
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densities were read at 450 nm. The results were consid-
ered accepted if the ratio between the mean O.D (Optical
ensity) at 450 nm value of the positive control and O.D
value of the negative control was >3.00. The ratio Se-
rum/Plasma (S/P) was calculated for each sample as fol-
lows (see the ratio below):

For serum samples with an S/P < 60%, was considered
to be from an animal, which had not been infected by
MAP. Any sample with an S/P between 60% - 70% was
considered as doubtful. Any sample with an S/P > 70%
was considered to be coming from an animal which had
been infected by MAP. For milk sample with an S/P <
30%, was considered to be from an animal which had not
been infected by MAP. Any sample with an S/P between
30% - 40% was considered as doubtful. Any sample with
an S/P > 40% was considered to be coming from an ani-
mal which had been infected by MAP.

2.4. Statistical Analyses

Animal and herd level descriptive statistics were calcu-
lated to determine the proportion of cattle and proportion
of herds that were infected with MAP. Herd level preva-
lence was calculated using two definitions of positive
herds for MAP: 1) having at least 1 test positive animal;
and 2) having at least 2 test positive animals [2]. Using
formulae previously described [19], the estimated true
herd prevalence and 95% confidence interval (CI), cor-
recting for test sensitivity and specificity for the Pour-
quier ELISA for MAP, were calculated.

3. Results

Table 1 shows the proportion (and 95% CI) of animals
considered to be MAP-positive, the proportion of herds
with at least 1 and 2 positive animals, and the average
prevalence of infection in herds with at least 1 and 2
positive animals. We found that 53 serum samples were
positive for paratuberculosis from a total of 350 bovine
serum samples (15.14%). Also, 55 samples were found
positive (18.33%) for the same antibody from a total of
300 bovine milk samples. The smear from dung samples
revealed the presence of the acid fast organism by
Ziehl-Neelsen staining. Under oil immersion, MAP
stains bright red and stand out clearly against a blue
background (Figure 1). The estimated true herd preva-
lence and 95% CI, correcting for test sensitivity and
specificity, was determined to be 15% + 10%.

4. Discussion and Conclusions

There have been very few research papers on the sero-

(O.D 450 nm of the sample —O.D 450 nm of the negative control)

S/P=100><

(meanO.D 450 nm of the positive control — O.D 450 nm of the negative control)
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Table 1. Animal and herd level seroprevalence results for Mycobacterium paratuberculosis.

+in Herds 2 +°
p (95% CI)

+in Herds 1 +*
p (95% CT)

Herds 2 +°
p (95% CI)

Animals +* Herds 1 +°

p (95% CI) p (95% CT)
Farm 1 1.4% (0.9 - 1.95) 21.5% (16 - 26.9)
Farm 2 1.7% (0.8 - 2.6) 21.7% (12.5 - 31)
Farm 3 1.92% (0.85 - 3.0) 26.7% (17.2 - 36)
Farm 4 0.82% (0.35-1.3) 16.7% (7.7 - 25.6)
Farm 5 0.95% (0.3 - 1.6) 19.8% (10.5 - 29)

8.3% (4.4-122)
11.2% (2 - 20.4)
8.4% (1.3 - 15.4)
8.4% (1.3 -15.4)

8.3% (4.4 -12.2)

2.9% (2.3 -3.5) 4.3% (3.5 - 5.05)

3.9% (1.9 - 6.0) 5.5% (3.2-17.9)
2.8% (1.85 - 3.8) 4.1% (2.3 -5.9)
2.5% (1.9 -3.1) 3.2% (2.4 - 4.0)

2.9% (2.3 -3.5) 4.1% (2.3 -5.9)

p—proportion; Cl—confidence interval, *Animals testing positive, "Herds with at least one animal testing positive, “Herds with at least two animals testing
positive, “Animals testing positive in herds with at least one animal testing positive, “Animals testing positive in herds with at least two animals testing positive.
Animal and herd level descriptive statistics were calculated to determine the proportion of cattle and proportion of herds that were infected with MAP. Herd
level prevalence was calculated using two definitions of positive herds for MAP: 1) having at least 1 test positive animal; and 2) having at least 2 test positive
animals [2]. Using formulae previously described [19], the estimated true herd prevalence and 95% confidence interval (CI), correcting for test sensitivity and
specificity for the Pourquier ELISA for MAP, were calculated.

To confirm the results of ELISA, a direct smear examination of dung samples of
cows tested positive by ELSIA was carried out using the Zichl-Neelsen method.
The pellet was smeared in a glass slide and air dried. The smear was covered
carbalfuschsin and steamed over boiling water for 10 minutes. After washing, the
slide was decolorized with 5% H,SO, for 2 minutes. The slide was rinsed with
water to stop the decolorization action. Then, the smear was counterstained with
methylene blue for 30 seconds. After washing, blot dried and examined under oil
immersion. Under oil immersion, MAP stains bright red and stand out clearly
against a blue background.

Figure 1. Arrows showing Mycobacterium avium subsp.
paratuberculosis (MAP) observed under microscope.

prevalence of paratuberculosis in cattle population in
Karnataka state of India. This is the first report on the
estimation of prevalence of the disease in south-western
Bangalore, Karnataka, India. The presence of specific
antibodies to MAP in serum and milk samples from di-
arrheic and/or anemic animals indicates sub clinical stage
of infection in the herd was detected by Indirect-ELISA.
This study confirms that the ELISA test is one of the
most reliable diagnostic tools for detection antibodies to
MAP in animals. It’s sensitivity and less time consump-
tion justifies its widespread use as a herd screening test.
The results are in corroboration with the findings of [3].
The direct examination of smear from the dung and tis-
sue samples collected from cattle by Ziehl-Neelsen stain-
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ing revealed acid fast organism presence. The findings
are in accordance with [20] to observe the acid fast
staining technique could detect 25% - 40% cases of
Johne’s disease. The results of the study revealed that
statistical analyses combined with an I-ELISA test pro-
vides the presumptive diagnosis of MAP infection in the
herd and the need for control measures to prevent further
spread of infection to susceptible species and humans.

This study is the first to report and estimate the sero-
prevalence of paratuberculosis in cattle population of
south-western Bangalore, India, and hence will certainly
contribute in the management and eradication of the dis-
ease from this region.
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