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Abstract

Johne’s disease (JD), also referred to as paratuberculosis, is caused by Mycobacterium avium subsp.
paratuberculosis (MAP). It is a chronic disease of ruminants that primarily affects the enteric system
and is seen worldwide. The study aimed towards molecular detection of MAP in bovine samples. A
total of 220 bovine samples (intestinal tissue-60, faecal-60 and milk-100) were collected from cattle
herds and slaughter point and were examined for detection of MAP targeting the 1S900 insertion
sequence through conventional PCR. MAP DNA was detected in 7 intestinal tissue samples (11.66%)
and 1 faecal sample (1.66%). Only 3/60 (5.0%) intestinal tissue samples could be detected as acid fast
bacilli by Z-N staining. The results were further re-confirmed by nBLAST analysis following Sanger
dideoxynucleotide sequencing. The results indicate the presence of MAP-infections in dairy herds of
the study area, Assam. This may be the first report of molecular detection of MAP in bovine intestinal
tissue and faecal samples in Assam, Northeast India as per our literature search. Additional research is
required across all Northeastern regions of India to determine the precise prevalence of the pathogen
and to mitigate the spread of the disease.
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INTRODUCTION

Johne’s disease (JD) or Paratuberculosis,
having a global presence, is a common disease
of ruminants with Mycobacterium avium subsp.
paratuberculosis (MAP) as the causative agent. The
disease is categorized under the List B transmissible
diseases by World Organization for Animal Health
(WOAH).! The disease is transmitted mainly by
ingestion of the pathogen, i.e. MAP from the
contaminated feed, pasture,? infected colostrum to
calves,® etc. MAP can survive in pasteurization and
human can get the infection through contaminated
raw milk, meat, and even through contact with
infected animals and is debatable for the cause
of Crohn's disease of human.* There is huge
implication in term of production losses also with
decreased milk production, wasting, weight loss,
and trade restrictions.®

Globally, the prevalence of JD in animal
population had been reported from several
countries. viz. 15.1% + 7.3% in sheep from ltaly,®
3.7% from Portugal,” herd level prevalence of
61.3% from Saudi Arabia® and more recently 0.72%
in Brazil,® etc. JD is endemic in India in ruminant
population with its first report from Hisar, Haryana
in 1913 but there is lack of proper national
surveillance and data.’® Based on tissue smear
examination 1% JD prevalence of slaughterhouse
specimens was reported from West Bengal.'!
There are few other reports on the JD prevalence
6.8% in cattle from Gujarat,’> 55% in Punjab® and
11.7% in Tamil Nadu. The JD prevalence in small
ruminants had also documented as 24.7% from
Madhya Pradesh,?® 8.0% in Uttar Pradesh,® and
29.0% in Rajasthan. Infected animals are typically
diagnosed with MAP by bacterial isolation and
antibody-based assays like ELISA with their own
limitation of long incubation period for culture
up to 16 weeks and low sensitivity of ELISA during
initial phase of infection.'”*®

Polymerase chain reaction (PCR) based
molecular assay targeting 1S900 region is one of
the most used assays enabling detection of MAP
in early and chronic stages of infection. Hence,
the present study was aimed at the detection
of insertion sequence 1S900 of MAP in bovine
samples (milk, faecal and intestinal tissue) by
conventional PCR to find out the prevalence of
paratuberculosis.

MATERIALS AND METHODS

Study design and sample collection

The study was designed in the dairy farms
and cattle slaughter points for molecular detection
of paratuberculosis involving a total of 220 samples
with breakup of milk (n = 100), intestine (n = 60)
and fecal (n = 60). Milk samples were collected
from dairy cattle, whereas, intestine & fecal
samples were collected from slaughtered cattle
within the study area. After collection all the
samples were brought to laboratory in refrigerated
condition and stored in the deep freezer (-20 °C)
until its processing. The longitude and latitude
of the farms and slaughter points were recorded
using (GPS). The present investigation was
permitted by Animal Ethics Committee, Assam
Agriculture University (770/GO/Re/S/03/CPCSEA/
FVSc/AAU/IAEC/19-20/739 dt. 23.12.2019).

Sample processing

Milk samples were processed for
molecular detection by following the method
of Dundee et al.’ and the tissue materials were
processed by following the protocol of van Ingen
et al.*® The tissue samples were primarily screened
for acid-fast bacteria by Ziehl-Neelsen staining, and
were subjected to molecular detection.

Genomic DNA extraction

DNA was extracted from the milk and
tissue samples via the Qiagen DNeasy® Blood &
Tissue Kit (Cat. No./ID: 69504) by following the
manufacturer’s instructions. DNA extraction from
the faecal samples were carried out using power
fecal DNA extraction kit (QlAamp® PowerFecal®
DNA Kit) as per the manufacturer’s instructions.
Extracted samples were stored at -20 °C for further
molecular analysis.

Polymerase chain reaction (PCR) for detection
of MAP

The extracted DNA from the samples
(milk, fecal and intestine) were subjected for
molecular detection of MAP using 1S900 gene
based PCR.?! The forward primer sequence
was 5'-CCGCTAATTGAGAGATGCGATTGG-3'
and reverse primer sequence was
5'-AATCAACTCCAGCAGCAGCGCGGCCTCG-3’
amplifying 229 bp target of IS900 with conditions
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viz., initial denaturation: 95 °C for 5 min, 40
repetitions (denaturation: 95°C/35sec, annealing:
62 °C/30 sec, extension: 72 °C/35 sec) and final
extension of 72 °C/7 min). We have standardized
the IS900 PCR using positive MAP DNA supplied by
our research collaborator and used it as positive
control for further reactions. All reactions were
carried out in a thin-walled 200 puL PCR tube. Ready-
to-use solution of DreamTaq Green PCR Master
Mix (2X) (Thermo Scientific, Massachusetts, United
States) was used in the study containing DreamTaq
DNA Polymerase, dNTPs, MgCl, and optimized
buffer. The total reaction volume was made for 20
pL with 10 uL Master Mix, 2.0 pL of template DNA,
1.0 pL each primer (10 pmol), and nuclease free
water (6 pL). The standardization was done for the
primers with positive and negative DNA controls
and then subsequently used for the samples. The
positive samples for 1S900 were re-confirmed
through Sanger’s sequencing. The sequenced
product was subjected to BLAST analysis (NCBI
BLASTN).

RESULTS

In this study, a variety of diagnostic
procedures was performed to determine the
presence of MAP in suspected animals, including
smears from faecal and intestinal lesions, necropsy,
and molecular detection in faeces, milk, and
tissues. Gross pathological examination of the
intestinal tissue samples revealed enlarged
mesenteric and ileocolic lymph nodes with mild

to moderate diffuse thickening of the intestinal
mucosa. Brain-like corrugation with granular
mucosa have also been seen in the small intestine
of some dairy cows with significantly thickened
intestinal wall and mucosal folds (Figure 1).
The miliary granulomatous lesions occasionally
protruded from the small intestinal wall in seriously

Figure 1. Brain like corrugated lesions in the intestinal
mucosa

Figure 2. Amplified 229 bp of the 1IS900 gene product of positive tissue samples in 1.8% agarose gel L-Ladder (Thermo
Scientific GeneRuler 100 bp plus DNA Ladder); Lane 1-positive control; Lane 2-negative control Lane 3-14: Samples
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MH644810.1/Iraq
CP033688.1/Australia
CP066812.1/Japan
CP033427.1/South Korea
CP033911.1/South Korea
CP022105.1/Germany
CP005928.1/ATCC BAA-968
CP113485.1/Canada
CP091843.1/France
CP091845.1/Canada
CP042454.1/Germany
€ 0Q417943.1/India
EF015397.1/India

87

I CP045092.1/ Mycob fii

'y

CP157315.1/Mycobacterium europeum
HQ830160.1/India
HM172613.1/Germany
AY974348.1/Slovakia
EF536055.1/Italy
AF305073.1/New Zealand
AB052552.1/Japan
KT075350.1/Iran
EU057155.1/Greece
CP053749.1/USA
MW546837.1/China
JQ837280.1/Egypt
CP171461.1/China
KT075351.1/Iran
PP417236.1/Canada

Figure 3. Phylogenetic tree for isolate for 1S900 along with Indian and global strains using MUSCLE algorithm for
alignment and phylogeny was constructed using Neighbour-End Joining (NEJ) method with 1000 bootstrap replicates

distressed animals. Inside the intestinal wall, pus-
like granulomatous lesions were observed, along
with delicate mucosal folds.

In the present study, out of 60 intestinal
tissue samples analyzed, 3/60 (5.0%) samples were
detected as acid fast bacilli under microscopic
examination and 7/60(11.66%) could amplify 229
bp of MAP DNA by IS900 PCR (Figure 2) and their
identifications were confirmed by sequencing. Out
of 60 faecal samples, only 1/60 (1.66%) sample
showed positivity for MAP DNA by 1IS900 PCR. Out
of 100 milk samples analyzed, no samples could
be amplified for MAP DNA in PCR.

Sequence based confirmation of the
sample was undertaken by ascertaining the
sequence of the amplicons by Sanger dideoxy
sequencing. The obtained sequences were checked
for quality and blasted into NCBI-BLAST database.
The first hit was taken as the identification result.
The positive sample of 1IS900 gene revealed 94%
similarity with species deposited in GenBank,
identifying Mycobacterium avium subsp.

paratuberculosis. The sequence was submitted
to NCBI and accession number was obtained
(0Q417943.1). Further phylogenetic analysis was
undertaken by a multiple sequence alignment
method in MEGA X software. Aligned sequences
were chosen from various geographical locations
for a spatial comparison. The sequences were
aligned using MUSCLE algorithm and phylogeny
was constructed using Neighbour-End Joining
(NEJ) method with 1000 bootstrap replicates.
Maximum Composite Likelihood method was
used to compute the evolutionary distances. 1IS900
were used successfully for sequencing in bovine
clinical sample for assigning its unique stand in
the dendrogram. The dendrogram is presented,
which were constructed to represent the species
identification through BLAST in a defined manner
by placing the sample under a single tree along
with their respective global and standard isolates
(Figure 3).
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DISCUSSION

The positivity of the targeted animals and
samples as read out with post-mortem observation,
smear microscopy and 1S900 PCR could prove that
Johne’s disease does exist in the cattle population
in the study area. The occurrence of 11.66%
positivity in 1S900 based PCR shows that there
is a significant number of MAP infected animals
within and around the Guwahati city. The affected
animals were highly emaciated, with complete loss
of adipose tissue. On postmortem examination,
the mesenteric and ileo-colic lymph nodes in the
small intestine were moderately enlarged with
brain-like corrugation have been seen in the small
intestine of some dairy cows with substantially
thickened intestinal wall. Other scientists also
recorded similar type of observations, describing
the small intestine as having a substantially
thickening of intestinal wall, corrugation and
granular mucosa.?”? Perez-Rodriguez et al.?
also reported pathological features in caprines
with granulomatous inflammation in the small
intestines and mesenteric lymph nodes.

In this study, MAP could not be detected in
the milk, which might be due to the low prevalence
or lower sensitivity of PCR for milk samples or due
to intermittent release of Mycobacteria in milk
during a short period post-infection, etc.? Fecal
samples had a lower number of positive cases in
molecular detection than intestinal samples in our
investigation. The intestinal samples have visible
lesions which contain more numbers of pathogen
than fecal shedding is one of the reasons and the
faecal samples contain inhibitory substances that
can impede DNA purity affecting the downstream
PCR amplification. Still fecal PCR is one of the better
options in live animal than culture which take
very long incubation time.?”?® Verma et al.” also
detected MAP from fecal samples of cattle from
Jabalpur, Madhya Pradesh with 1S900 based PCR
assay. It was found in our study that IS900 based
molecular assay has given a good and accurate
results regarding the diagnosis of paratuberculosis
from direct sample. In live animals, fecal-based
PCR detection is a rapid, non-invasive method
that requires minimal handling and can provide
a preliminary indication of the presence of the
disease within the herd.*® For individual animal
screening, the rectal pinch method is considered

more reliable for sample collection. In post-
mortem cases, intestinal samples showing visible
signs such as corrugation or miliary nodules are
ideal for testing. These samples not only offer a
fair indication of disease presence but can also
assist in tracing the origin of the infected animal or
the source farm/location. Besides these molecular
diagnostic assays, ELISA-based serological assays
are also available for diagnosis of Johne’s diseases
in bovines.*! There are few publications on
paratuberculosis in India due to a lack of ongoing
surveillance and testing facilities. The goal of this
study was to compare ZN staining and molecular
assays to evaluate a diagnostic method for MAP
in a specific study region. Molecular assays can
give valuable observations and inferences at the
individual animal and herd levels.

CONCLUSION

The findings of current investigation
provide evidence about the presence of
paratuberculosis infection in the cattle population
of Guwahati Metropolitan City of Assam, India.
The IS900 PCR based direct detection of MAP
from tissue and faecal materials could serve as
a valuable diagnostic or screening test for herds
with JD. The present finding was the first attempt
to diagnosis the disease by molecular assay in
the study area and an attempt for a systematic
epidemiological study of paratuberculosis in
Assam, India. Further detailed research and
investigations in this direction is warranted to
assess the exact scale of the burden in the state
and region, so as to formulate future strategies for
limiting the spread of this dreaded disease in both
animals and humans.
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