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Molecular epidemiological study of Mycobacterium avium subspecies paratuberculosis from captive wild animals of
Siddharth Garden Aurangabad Municipal Corporation Zoo, Maharashtra, was carried out based on individual/pooled
fecal samples (n = 42) from different captive wild animal species during winter, summer, and monsoon seasons. Based
on microscopy, 29 were positive for acid—fast bacilli out of the total 126 fecal samples screened. Real time-polymerase
chain reaction (PCR) targeting IS900 gene detected 14 samples (5 carnivores, 7 herbivores, and 2 omnivores) positive.
The overall prevalence of Mycobacterium avium subspecies paratuberculosis (MAP) infection was 11.11% (11.11%
carnivores, 29.16% herbivores, 66.66% omnivores, 0% birds, and 0% reptiles). Molecular typing (IS/3// PCR_REA)
revealed all positive samples belonged to “Indian Bison type,” biotype. This study first time revealed the presence of
MAP infection in tigers from India and highlights the silent interspecies transmission of “Indian Bison type” biotype
from herbivores to omnivores and carnivores. The finding observed in this study could help in the control of MAP in
captive wild animal species by implementing effective management that will be helpful to minimize spread and reduce
burden of this chronic life-threatening disease in captive animal species.

ARTICLE HIGHLIGHTS

1. This work was carried out in different captive wild animal species
during winter, summer, and monsoon seasons.

2. Of 29 samples were positive for acid—fast bacilli out of the total
126 fecal samples screened.

3. Real time-polymerase chain reaction (PCR) targeting IS900 gene
detected 14 samples (5 carnivores, 7 herbivores, and 2 omnivores)
positive.

4. The overall prevalence of Mycobacterium avium subspecies
paratuberculosis (MAP) infection was 11.11% (11.11% carnivores,
29.16% herbivores, 66.66% omnivores, 0% birds, and 0% reptiles).

5. Molecular typing (IS1311 PCR REA) revealed all positive
samples belonged to “Indian Bison type,” biotype.
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1. INTRODUCTION

Johne’s disease (JD) was first time reported in ruminants and assumed
that it was caused by as an etiological agent [1]. Mycobacterium avium
subspecies paratuberculosis (MAP) has emerged as a major pathogen
having substantial zoonotic importance due to its association with
Crohn’s disease (CD) [2,3]. The disease has been declared of major
global importance by OIE, in view of its socioeconomic and public health
significance. MAP is worldwide in distribution and is considered a major
threat to livestock trade, dairy business, and beef meat industry [3,4].

JD is an incurable, chronic debilitating granulomatous enteropathy
of domestic animals, ruminant and non-ruminant wild species, and
wild carnivores [5-9]. In ruminants, JD is insidious and does not show
clinical signs at early stage of disease acting as a silent killer [2,10,11].
Although disease is more than 100 years old, research studies have
been conducted from the past 50 years generating information that has
been pivotal regarding basic understanding of the disease only and its
control or elimination has not been possible thereby remaining a threat
to animal and human health [10,12,13].
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Diseases in captive animals have a number of negative effects on health,
longevity, and if not properly diagnosed or timely intervened can
prove fatal. Chronic diseases act as pre-disposing factor to secondary
deficiency diseases resulting in inefficient reproduction (hampering
fast multiplication of animals with good germplasm an important
aspect for specialized breeding programs meant for increasing
number of captive and endangered species), negative energy balance,
and protein loosing enteropathy. The present study was undertaken
to have a better understanding about the epidemiology of the MAP
affecting different species of captive wild animals that will be helpful
for effective management of this chronic life-threatening disease in
captive wild animal health and minimizing public health concerns.

2. MATERIALS AND METHODS

2.1. Sampling Strategy and Captive Wild Animals Involved in
the Study

Epidemiological study of MAP from captive wild animals and birds
of the Zoo was carried out based on individual/pooled fecal samples
(n = 42) from different captive wild animal species during winter,
summer, and monsoon seasons for a period of 10 months from January
to October 2021. The study was undertaken with prior approval from
office of the Chief Conservator of Forests, The Zoo Authority of
Mabharashtra, Nagpur, vide no. CCOF/Technical/P. No. 3B/31/2021-
22 dated: 05 May 2021.

2.2. Collection of Fecal Samples

Based on color and moisture content, interior portion (surface portion
removed) of fresh feces (0-12 h) was collected in sterile whirl pack
polythene bags using sterile spatulas and stored at 4°C until further
processing.

2.3. Direct Microscopy (Ziehl-Neelsen Staining)

Smears of processed samples were prepared on clean dry glass slides
and then heat fixed. Smear was flooded with carbol fuchsin solution
(1.0%) and heated to steam for 7-10 min keeping smear wet by adding
sufficient stain intermittently. Slides were cooled and washed with
distilled water and decolorized with 3% acid alcohol or 25% H,SO, for
10-30 s or until pink color stopped coming. Slide washed with distilled
water, counter stained for 1-2 min with methylene blue (0.1%), and
again washed with distilled water and blotted. Cells appearing pink
colored, short rods in bunch or clumps dispersed singly under oil-
immersion objective were MAP [14].

2.4. Isolation of DNA from Fecal Samples

Feces (2 g) were homogenized in sterilized 1 x PBS (4 ml) using
sterilized pestle mortar, and contents were transferred to 15 ml
centrifuge tube containing 8 ml sterilized 1 x PBS for centrifugation
at 3500 rpm (45 min) to concentrate bacilli. The tube was kept
undisturbed at room temperature for 1-2 h, supernatant was discarded,
and semisolid middle layer was collected with sterilized swab in
Eppendorf tube containing 300 ul of 1 x PBS that was heated at 95°C
for 10 min. 40 pl of lysozyme (20 mg/ml) were added and contents
were incubated at 37°C for 2 h with continuous shaking. The mixture
was added 20 pl proteinase K (10 mg/ml) and 50 ul 10% SDS and
incubated at 56°C for 2 h with continuous shaking followed by the
addition of CTAB-NACL (64 ul) and incubation for 30 min at 65°C.
The mixture was added equal volume of chloroform-isoamyl alcohol
(24:1), contents centrifuged at 10000 rpm for 20 min at 4°C, and
the aqueous layer (upper layer) was remounted into the fresh 1.5 ml

Eppendrof tube, to which 0.6 volume of isopropanol was added
with gentle mixing and allowed for precipitation of DNA at —20°C
overnight. The contents again centrifuged at 10000 rpm for 20 min at
4°C to get the DNA pellet that was washed with 1 ml of 70% ethanol
followed by centrifugation at 10000 rpm for 10 min at 4°C, and finally,
the DNA pellet was resuspended in 30 pl Ix TE buffer and stored at
4°C overnight for dissolving the DNA followed by storage at —20°C
for further use [15].

2.5. Agarose Gel Electrophoresis

Two gram agarose was weighed and dissolved in 100 ml 1x TAE
and heated in microwave until a clear transparent solution appeared.
Agarose was allowed to cool (55-60°C) and added with ethidium
bromide (0.5 pg/ml in 100 ml 1x TAE) slowly to avoid bubble
formation and then poured into the arranged casting tray. The Gel was
allowed to solidify and later placed in horizontal gel electrophoresis
unit filled with 1x TAE. The DNA mixed with DNA loading dye was
loaded into the wells and electrophoresis was carried out for 45min
at 80 Volts and gel was then visualized under UV light in the Jel
documentation system (Biorad) [16].

2.6. 1 IS900 Polymerase Chain Reaction (PCR) Protocol for
MAP

DNA was amplified by PCR targeting IS900 sequence (IS900 15C/921)
as per the protocol and primers of Vary et al with slight modifications
(IS900/15C: 5°-CCG CTA ATT GAG AGA TGC GAT TGG-3’;
1S900/921: 5’-AAT CAA CTC CAG CAG CGC GGC CTC G-3°) [17].

2.7.1S1311 Polymerase Chain Reaction Restriction
Endonuclease Analysis

IS7311 PCR was carried out using M56 and M119 primers as per
with some modification using the primers (M56: 5’-GCG TGA GGC
TCT GTG GTG AA-3’; M119: 5°- ATG ACG ACC GCT TGG GAG
AC-3’). For PCR-REA, a 30.0 ul reaction mixture was prepared
consisting of various ingredients comprising of 10x Buffer (3.0 ul),
Hinfl (2.0 units; Fermentas), Msel (2.0 units; Fermentas), PCR
product (20 ul) and HPLC grade water. Also control reactions, one
consisting of PCR products without enzyme and another containing
enzyme mixture with PCR products were carried out. The digestion
of reaction mixture for PCR-REA was carried out at 37°C for 1.5 h in
water bath followed by mixing of digested PCR products with loading
dye (2.0 ul) for electrophoreses in 4.0% agarose gel at 3—5 V/cm for
1.5 h, and finally, the gel was visualized under gel documentation
system (Biorad, USA). Interpretation of band patterns was done as
described by researcher who has divided MAP isolates into 3 groups
based on the generation of 3 kinds of band patterns for different MAP
strains: Sheep type/Type I/III (2 bands of 285bp and 323 bp), Cattle
type/Type II (4 bands of 67 bp, 218 bp, 285 bp, and 323 bp), and Bison
type/B type (3 bands of 67 bp, 218 bp, and 323 bp) [18].

3. RESULTS AND DISCUSSION

A total of 126 fecal samples consisting of Carnivores (45), Herbivores
(24), Omnivores (3), Birds (21), and Reptiles (33) were examined by
direct microscopy revealing 29 as acid—fast bacilli [Table 1]. Samples
positive under microscopy were further confirmed by 1S900 PCR
[Figure 1] that revealed 14 samples positive for MAP, comprising of
5 carnivores, 7 herbivores, and 2 omnivores fecal samples revealing
an overall prevalence of MAP as 11.11% (11.11% carnivores, 29.16
% herbivores, 66.66% omnivores, 0 % birds, and 0 % reptiles). Lower
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Table 1: Breakdown of MAP detection in various captive animal species of Siddharth zoo.

S. No Animal Group Species Microscopy Molecular
Neg. 1+ 2+ 3+ 4+ PCR Genotyping
1 Carnivores Tiger (n=30) 18 9 3 0 0 2 Indian Bison type
Leopard (n=6) 3 2 1 0 0 1 Indian Bison type
Jackal (n=4) 2 2 0 0 0 2 Indian Bison type
Indian Civetcat (n=3) 3 0 0 0 0 0 -
2 Herbivores Sambar Deer (7=9) 3 4 2 0 0 3 Indian Bison type
Blackbuck (7=3) 2 1 0 0 0 1 Indian Bison type
Spotted Deer (n=3) 1 0 2 0 0 2 Indian Bison type
Indian Porcupine (n=6) 6 0 0 0 0 0 -
Nilgai (n=3) 0 1 2 0 0 1 Indian Bison type
3 Omnivores Monkey (n=3) 3 0 0 0 0 2 Indian Bison type
4 Birds Emu (n=3) 3 0 0 0 0 0 -
Indian Peafowl (n=3) 3 0 0 0 0 0 -
Painted Storck (n=3) 3 0 0 0 0 0 -
Little Egret (n=3) 3 0 0 0 0 0 -
Spoon Bill (n=3) 3 0 0 0 0 0 -
White Necked Storck (n=3) 3 0 0 0 0 0 -
Grey Heron (n=3) 3 0 0 0 0 0 -
5 Reptiles Snakes (n=27) 27 0 0 0 0 0 -
Crocodile (n=6) 6 0 0 0 0 0 -
Total (n=126) 97 19 10 0 0 14

*n: Number of samples, *Neg: Negative samples, PCR: Polymerase chain reaction

Figure 1: Traditional IS900 polymerase chain reaction for the diagnosis of
Mycobacterium avium subspecies paratuberculosis infection: Lane M: 100bp
Marker, Lane 1: Blank, Lane 2: Positive Control, Lane 3: Negative control,
Lane 4-6: Positive samples.

prevalence (2.41%) of MAP in wildlife was reported by Carta et al. [8]
whereas comparatively higher prevalence of MAP in wild mammals
(38%) and birds (18%) from three farms in the South Island of New
Zealand was reported [19,20]. Kruze et al. reported that 13.3% of
captive ungulates were positive on culture examination [21] while
Pradenas er al. observed that two samples were culture positive
from farmed deer suspected for MAP [22]. Deutz and Spergser have
investigated different species of MAP-positive wild animals and
concluded that transmission could have been from contaminated

pastures having grazed by cattle [23]. Mir has reported three positive
samples (two from Hyenas and one from Jungle cat) with a prevalence
of 1.9% and reported the MAP infection first time in captive Hyenas
and Jungle cats from India while studying the prevalence of MAP in
free captive wild animals [24].

The present study is reporting MAP infection first time in tigers from
India, although earlier MAP has been reported throughout the world by
different researchers from various wild animal species such as in fox
and stoat [25], in Addax [26], in fallow deer [27], in brown bears [5], in
captive Bengal tiger at Republic of Korea [28], in brushtail possums,
hares, and hedgehogs, cats, rabbits and among birds in paradise
shelducks [19], in wild mammals [8,9], in Alpaca [29], in wild
boars [30], in gazelle and Red deer [19,21], and in farmed deer [22].
All the animals were positive on PCR in winter season when again
screened in summer and monsoon seasons, some of them showed
negative PCR results although they were positive on microscopy (2+)
an observation also reported by Mir [24].

Molecular characterization and genetic diversity of 14 positive
MAP isolates using IS/37/ PCR restriction endonuclease analysis
revealed all were Indian Bison type [Table 1 and Figure 2]. Similar
findings were also reported by researchers who reported Indian Bison
type strain of MAP in two animals from Abohar Wildlife Sanctuary
Fazilka, Punjab [24]. Researchers observed bison and cattle-type MAP
genotypes from the Wild Boars in Korea which are the predominant
MAP genotypes infecting domestic species in Korea [30], O’Brien
et al. reported bovine strain genotype of MAP from intestinal lymphatic
tissues of 74 JD infected farmed red deer from New Zealand [22]
and also first time established the experimental infection of MAP in
red deer and observed strong infectivity of MAP bovine-strain for
cervines [31]. Woodbury et al. reported the cattle strain of MAP in
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Figure 2: IS731] polymerase chain reaction-REA using restriction enzyme
Hinfl and Msel: Lane M: 100 bp Marker, Lane 1: Blank, Lane 2: Positive
control, Lane 3: Negative control, Lane 5-7: Positive samples.

asymptomatic farmed white-tailed deer [32]. Fritsch et al. observed
that cattle type genotype was shared between cattle and wild red deer
in Germany [33]. The present study revealed Indian Bison type strain
among carnivores in tiger, leopard, and jackal; among herbivores
in black buck, sambar deer, spotted deer, and nilgai; and among
omnivores in monkeys. However, MAP could not be detected from
different species of birds and reptiles; a finding has been correlated
to the preference for pastoral habitats in certain species of birds that
increase the chances of getting infection and also possibly due to good
managemental practices being followed at zoo premises that prevent
spillover of infection [19]. The study highlights the potential of cross
infection of Indian Bison type strain of MAP between herbivores,
carnivores, and omnivores, and therefore, proper managemental
strategies need to be adopted at zoo premises to prevent the occurrence
and spread of infection. MAP could be a risk to the health and welfare
of wild animals kept under captivity with respect to negative effects on
health, longevity and if not properly diagnosed or timely intervened
can prove fatal or compromises the conservation programs meant for
endangered species.

4. CONCLUSIONS

The study is first time reporting MAP infection in tigers from India
and it is highlights, the silent interspecies transmission of MAP
“Indian Bison type” biotype from herbivores to omnivores and
carnivores. These findings may help in the implementation of effective
management strategies for the control of MAP in captive wild animals
and minimize spread and reduce burden of this chronic life-threatening
disease in captive animal species.
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