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Abstract
Background and Aim: Paratuberculosis (PTB) is an infectious disease that induces chronic enteritis in ruminants. It 
is caused by Mycobacterium avium subsp. paratuberculosis (MAP). In this study, we evaluated the presence of MAP 
using bacteriological, molecular, and anatomopathological studies, based on the clinical suspicion of PTB in a zoo, in an 
area housing 10 scimitar-horned oryx (Oryx dammah), five giraffes (Giraffa camelopardalis), and three blue wildebeests 
(Connochaetes taurinus).

Materials and Methods: From November 2016 to June 2017, fecal samples were collected from individuals of the three 
species on four occasions, resulting in a total of 56 fecal samples. In addition, five small intestine samples were collected 
from the necropsies of three adult scimitar-horned oryx females and two oryx calves. MAP identification was performed 
through isolation in Herrold’s medium with egg yolk, mycobactin, and sodium pyruvate, Ziehl–Neelsen staining, IS900 
polymerase chain reaction (IS900 PCR), and anatomopathological examination of intestine samples.

Results: Diffuse granulomatous enteritis with abundant acid-fast bacilli was found in two out of five intestine samples 
from adult scimitar-horned oryx females. MAP was isolated in 7/56 (12.5%) of the fecal samples from four scimitar-horned 
oryx, one giraffe, and two wildebeest samples. Two out of 5 (40%) samples obtained from scimitar-horned oryx tested 
positive. IS900 PCR yielded five positive samples (two fecal samples and three small intestine samples). MAP isolates were 
classified as Type C (Cattle) using type-specific PCR.

Conclusion: These results demonstrated the presence of MAP in the area evaluated and indicated the importance of both 
sampling live animals and conducting postmortem examinations. The use of bacteriological and histopathological diagnostic 
techniques demonstrated in this study will provide insight into the health status and prevalence of paratuberculosis in wild 
ruminants under human care. 
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Introduction

Paratuberculosis (PTB) is an infectious dis-
ease that induces chronic enteritis. It is caused by 
Mycobacterium avium subsp. paratuberculosis 
(MAP), an acid-fast bacilli (AFB) [1,2] affecting both 
domestic and wild ruminants [3,4], which causes nega-
tive effects on animal health and welfare and produces 
significant economic losses, mainly in the dairy indus-
try [5]. The primary transmission pathway is fecal-
oral, although other paths have been described, such 
as vertical transmission [6,7]. MAP has an extended 

incubation period that can last anywhere between 2 
and 7 years. After the incubation period, it causes pro-
gressive weight loss, intermandibular edema, diarrhea 
or viscous feces, as well as granulomatous lesions 
mainly in the jejunum, ileum, and ileocecal valve [8]. 
Infected animals release MAP intermittently through 
their feces, starting from the initial infection phases, 
even if the animals do not show signs of illness. This 
shedding of bacteria makes it challenging to control 
the disease. The identification of MAP requires the 
use of one or more diagnostic tests. Bacterial cultures, 
polymerase chain reaction (PCR), and antibody detec-
tion ELISA tests are among the test most widely used 
to identify MAP [9,10].

MAP has been reported in several wild species, 
including ruminants, carnivores, lagomorphs, and 
birds. Wild ruminants predominantly show clinical 
signs such as diarrhea and weight loss, similar to that 
reported in domestic ruminants [4,11]. The studies on 
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wild ungulates affected with PTB under human care 
have found that conditions such as high animal density 
and limited enclosure areas may facilitate exposure 
to various infectious agents, including MAP [12,13]. 
PTB could have a negative effect on conservation pro-
grams [14], since it has been detected in species with 
high genetic value, such as the African south-central 
black rhinoceros (Diceros bicornis minor) [15] and 
the scimitar-horned oryx (Oryx dammah), the latter of 
which is extinct in the wild [16,17].

Two scimitar-horned oryx from a zoo of Mexico 
were suspected for PTB based on clinical symptoms. 
Hence, this study aimed to detect the presence of 
MAP using bacteriological and molecular techniques, 
together with anatomopathological studies in three 
species of ungulates that share an enclosure in a zoo 
in Mexico, scimitar-horned oryx, giraffes (Giraffa 
camelopardalis) and blue wildebeests (Connochaetes 
taurinus).
Materials and Methods
Ethical approval

Ethical approval was not required for this study; 
however, fecal samples were collected as per stan-
dard sample collection procedure without any harm 
to animals.
Study period and location

This study was conducted from November 2016 
to June 2017. The fecal samples were obtained from 
a zoo in Mexico City; subsequently, the samples 
were processed at a Research Center at the Faculty 
of Veterinary Medicine at National Autonomous 
University of Mexico. 
Animal study subjects

In 2016, two scimitar-horned oryx females in 
a zoo in Mexico were reported to have diarrhea and 
weight loss, a clinical picture compatible with PTB. 
These two females inhabited an enclosure with 
another eight scimitar-horned oryx (six adults and two 
calves born during the study period), five giraffes, and 
three wildebeests. Each animal was identified based 
on its anatomical characteristics and assigned a letter 
with the initial of the species’ common name followed 
by a consecutive number for each individual: Oryx O1 
through O10; giraffe G1 through G5; and wildebeest 
W1 through W3.
Obtaining fecal samples

Fecal samples were obtained from all animals 
with a 2-month interval on four separate occasions: 
(1) November-December; (2) January-February; (3) 
March-April; and (4) May-June using a non-invasive 
method of collecting feces from the substrate immedi-
ately after defecation. Each sample was identified and 
stored at −20°C until used in bacterial cultures and 
IS900 PCR tests.
Anatomopathological studies

Necropsies were performed on five animals 
(three adults and two calves) belonging to the study 

population that died from November 2016 to June 
2017. Sections of jejunum and ileum were collected 
and fixed in 10% buffered formalin (pH 7.6) with a 
posterior inclusion in paraffin, sectioned into 4 µm 
thick slices, and stained with hematoxylin and eosin 
and Ziehl–Neelsen (ZN) stains. Sections of the intes-
tine showing apparent mucosal thickening were 
obtained during the necropsies and maintained at 
−20°C until their use in bacterial cultures and PCR 
tests.
Cultures

Decontamination of fecal and intestinal samples 
was performed with 0.75% hexadecylpyridinium chlo-
ride before sample inoculation [18]. Usually, before cul-
ture MAP, a decontamination procedure has to be done 
to reduce other bacteria that can inhibit MAP survival. 
To optimize MAP identification, before decontamina-
tion, the mycobacterial concentration was measured 
from the intestinal mucosa samples, using the proce-
dure described by Ratnamohan and Spencer [19], and 
modified by Estévez-Denaives et al. [20].

Fecal and intestine samples were inoculated 
into Löwenstein–Jensen (LJ; Difco, USA) medium 
and Herrold’s medium (Becton, Dickinson Bioxon, 
Mexico) with egg yolk, sodium pyruvate (Affymetrix 
USB products, USA), and myco bactin J (Diag. Reag. 
VSLAPHIS, Ame, la, USA) at a concentration of 
2 mg/L. The samples were also inoculated into LJ 
medium and HEYP without mycobactin. The test 
tubes were incubated (Incucell, Germany) at 37°C for 
52 weeks [18,20].
ZN stain in fecal smears and intestinal mucosa mac-
eration smears

ZN stain (Carbol Fuchsin, Hycel, Mexico; Acid 
alcohol, JT Baker, USA; Methylene blue, Hycel, 
Mexico) smears were performed to detect AFB from 
fecal and intestinal mucosa samples [20].
IS900 PCR on fecal and intestinal mucosa samples

Feces
Cellular lysis and DNA extraction from fecal 

samples were performed in accordance with the pro-
cedure described by Garrido et al. [21]. Briefly, from 
fecal decontamination, 10 mL of the upper aqueous 
phase was transferred into 15 mL tubes and centri-
fuged (Thermo Scientific, Sorvall Legend Micro 
21 centrifuge, Germany); after that, the pellet was 
washed in phosphate-buffered saline (PBS: pH 7.2) 
three times. The pellet was resuspended in 2 mL of 
PBS, after that was centrifuged at 9600 x g. The pel-
let was resuspended with TE-triton (Sigma, USA) 
100X, followed by three freezing cycles (5 min in 
liquid nitrogen) and boiling [5 min at 100℃ in a dry 
bath (Boekel Scientific, USA)]. After this, 450 mL 
of Guanidine isothiocyanate (Gibco BRL, USA) and 
250 mL of Ammonium acetate  (JT Baker, USA) 
7.5 M, pH 6.3 were added and mixed by inversion. 
The following steps were repeated twice: addition of 
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500 mL of Chloroform  (JT Baker) Isoamyl alcohol  
(JT Baker) (24:1), mix by inversion, centrifugation at 
9600 g, and transfer of the upper aqueous phase into a 
new tube. The DNA was precipitated with Isopropanol 
(JT Baker) and washed twice with 70% Ethanol (JT 
Baker). The pellet was air-dried and resuspended with 
20-30 µL of water.

Intestine
Cellular lysis and DNA extraction from the intes-

tine were performed using intestinal mucosa sam-
ples [20] with a commercially available extraction 
kit (QIAamp DNA mini Kit spin column, QIAGEN®, 
Dusseldorf, Germany).
PCR

IS900 PCR
The P3N (5´GGGTGTGGCGTTTTCCTTCG 3´) 

and P5N (5´ATTTCGCCGCCACCGCCACG 3´) 
primers were used. These amplify a fragment of 314 bp 
from the IS900 insertion sequence of MAP [22,23]. 
For this test, 3 µL of DNA were used (equivalent to 
0.5 µg), 20 µL of FastStart™ PCR Master (Roche®, 
USA), and 1 µL of each primer. The PCR protocol 
was 94°C for 5 min, followed by 35 cycles at 94°C 
for 40 s, 56°C for 40 s, and 72°C for 40 s, with a final 
cycle at 72°C for 5 min.

Type-specific PCR
PCR was performed on positive IS900 PCR sam-

ples using the DMC 529 (5′-GCTGTTGGCTGCGTC
ATGAAGTC-3′) and DMC 531 (5′-TTCTTATCGG
ACTTCTTCTGG-3′) primers that amplify a 310 bp 
product for Type C and a 162 bp for Type S [24]. This 
test used 3 µL of DNA, 20 µL of FastStart™ PCR 
Master (Roche), and 1 µL of each primer. The PCR 
conditions were 95°C (203°F) for 3 min, followed by 
35 cycles at 94°C (201.2°F) for 30 s, 60°C (140°F) for 
30 s, and 72°C (161.6°F) for 30 s, with a final cycle at 
72°C (161.6°F) for 5 min.

Results

Anatomopathological studies
Necropsies were performed on five individuals: 

Three adult scimitar-horned oryx females (O2, O6, 
and O8) and two scimitar-horned oryx calves between 
1 and 2 weeks of age (O9 and O10). The most relevant 
macroscopic findings were thickening and reddening 
the small intestine mucosa (Figure-1a) in two adult 
females (O6 and O8), which showed signs compati-
ble with PTB. The O2 adult female showed advanced 
postmortem changes, and the two calves presented 
moderate congestion of the intestinal mucosa.

Under the compound light microscope (40x, 
Leica DM 1000, USA), the O6 and O8 females exhib-
ited severe diffuse granulomatous enteritis in the jeju-
num and ileum, with abundant AFB inside the macro-
phages visualized using the ZN stain (Figure-1b). The 
other three animals (O2, O9, and O10) did not show 
any apparent histopathological changes.
Culture

Fecal cultures
From a total of 56 fecal samples collected, 24 

belonged to scimitar-horned oryx, 20 to giraffes, and 
12 to wildebeests. A total of 7/56 (12.5%) bacterio-
logical isolates were obtained from the samples pro-
cessed: Four from scimitar-horned oryx, two from 
wildebeests, and one from giraffes (Table-1). Isolates 
were obtained from HEYMP between 8 and 10 weeks 
of incubation (Figure-2), except for three cases: One 
from a giraffe and two from wildebeests, in which iso-
lates were obtained until 50 weeks of incubation in 
HEYMP medium. Four isolates were obtained from 
the first fecal sample collection period: One from 
oryx, one from giraffe, and two from wildebeests. 
The remaining three isolates were obtained from the 
fourth fecal sample collection period (Table-2). No 
MAP isolates were obtained from LJ growth media 
with mycobactin.

Figure-1: Scimitar-horned oryx (O6). (a) Small intestine section showing a dark red coloration and diffuse thickening of 
the intestinal mucosa. (b) Abundant macrophages with significant numbers of acid-fast bacilli inside (arrows) in the jejunal 
lamina propria. Ziehl–Neelsen, 40×. Scale bar 50 µm.

ba
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Intestinal sample cultures
MAP isolates were obtained from 2/5 (40%) of 

the intestine samples between incubation weeks 8 and 
10 on HEYMP, from two adult females (O6 and O8) 
(Table-2). The isolates were confirmed using IS900 
PCR. No MAP isolates were obtained from LJ growth 
media with mycobactin.
ZN stain on fecal smears and intestinal mucosa 
macerations

Of the 56 fecal samples tested, only two adult 
oryxes (O6 and O3) presented with AFB (3.5%). The 
intestine samples resulted in three positives (60%) 
from two adult scimitar-horned oryx  females (O6 and 
O8), and one calf of the same species (O9) (Table-2).

IS900 PCR detection from feces and intestine 
samples

Amplification of the IS900 sequence was 
achieved in 2/56 (3.5%) fecal samples belonging to 
two adult scimitar-horned oryx females (O6 and O8), 
obtained during the first sample collection period. In 
addition, amplification of the IS900 sequence was 
achieved in 3/5 (60%) intestine samples, belonging to 
two adult scimitar-horned oryx females (O6 and O8) 
and one oryx calf (O9) (Table-2 and Figure-3).

Type-specific PCR
Type-specific PCR was performed from all nine 

bacterial culture isolates, seven from feces and two 

Table-1: MAP detection in feces and intestine using IS900 PCR, Ziehl–Neelsen (ZN) stain, and bacterial cultures 
in scimitar-horned oryx (Oryx dammah), giraffe (Giraffa camelopardalis), and wildebeest (Connochaetes taurinus). 
(Grayed-out cells: No necropsy performed).

Species Feces Intestine

Culture %  
(+/total)

ZN %  
(+/total)

IS900 PCR %  
(+/total)

Culture %  
(+/total)

ZN %  
(+/total)

IS900 PCR %  
(+/total)

Scimitar-horned oryx 7.1% (4/56) 3.5% (2/56) 3.5% (2/56) 40% (2/5) 60% (3/5) 60% (3/5)
Giraffe 1.7% (1/56) 0 0
Wildebeest 3.5% (2/56) 0 0
Total 12.5% (7/56) 3.5% (2/56) 3.5% (2/56) 40% (2/5) 60% (3/5) 60% (3/5)

ZN=Ziehl–Neelsen, PCR=Polymerase chain reaction, MAP=Mycobacterium avium subsp. paratuberculosis

Table-2: ZN stain, IS900 PCR, and bacterial culture results from feces and intestine samples in scimitar-horned oryx 
(Oryx dammah), giraffe (Giraffa camelopardalis), and wildebeest (Connochaetes taurinus)

Animal ID Species Sex Feces From necropsy (intestine)

IS900 
PCR

ZN 
stain

HEYMP 
culture

IS900 
PCR

ZN 
stain

HEYMP 
culture

O1 Oryx dammah M - - - NO  NO NO
O2 Nx Oryx dammah F - - - - - -
O3 Oryx dammah M - +*4 +*4 NO NO NO
O4 Oryx dammah M - - +*4 NO NO NO
O5 Oryx dammah F - - - NO NO NO
O6 Nx Oryx dammah F +*1 +*1 +*1 + + +
O7 Oryx dammah F - - +*4 NO NO NO
O8 Nx Oryx dammah F +*1 - - + + +
O9 (calf) (Nx) Oryx dammah NS NO NO NO + + -
O10 (calf) (Nx) Oryx dammah NS NO NO NO - - -
G1 Giraffa 

camelopardalis
M - - - NO NO NO

G2 Giraffa 
camelopardalis

F - - - NO NO NO

G3 Giraffa 
camelopardalis

M - - +**1 NO NO NO

G4 Giraffa 
camelopardalis

F - - - NO NO NO

G5 Giraffa 
camelopardalis

F - - - NO NO NO

W1 Connochaetes 
taurinus

M - - +**1 NO NO NO

W2 Connochaetes 
taurinus

F - - +**1 NO NO NO

W3 Connochaetes 
taurinus

M - - - NO NO NO

+=Positive, -=Negative, ID=Identification, O=Scimitar-horned oryx , G=Giraffe, W=Wildebeest, F=Female, M=Male, 
NS=Not specified, Nx=Necropsy performed, NO=Not obtained. *bacterial colony growth between 8 and 10 weeks, 
**bacterial colony growth at 50 weeks. The sample collection period from which growth was obtained is indicated with a 
superscript number in the table, 1: November-December, 2: January-February, 3: March-April, 4: May-June, ZN=Ziehl–
Neelsen, PCR=Polymerase chain reaction
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from intestine samples, resulting in the amplification 
of the 310 bp segment from Type C.

The products amplified from IS900 PCR after 
isolation were sequenced and compared against 
the BLAST database [25], producing 100% homology 
with the IS900 insertion sequence for MAP (GenBank: 
S74401).
Discussion

Using several different diagnostic techniques, 
we were able to identify and isolate MAP from nine 
individuals from three different ungulate species 
under human care in a zoo in Mexico.

Despite the cost and time required for bacterial 
cultures, this technique is considered the “gold stan-
dard test,” producing 100% specificity, with sensitiv-
ity varying depending on the sample and the growth 

medium used [10]. In this research, we obtained more 
positive fecal samples using bacterial cultures (12.5%) 
than with IS900 PCR (3.5%). These results are similar 
to those of other studies, in which conventional PCR 
(cPCR) produced a lower sensitivity (30-50%) than 
bacterial cultures (70%) in the clinical phase of the 
disease [9,26]. However, more cases were detected in 
camelids when using PCR than with cultures, possibly 
because of contamination of the growth media used 
[27]. Recently, real-time quantitative PCR (qPCR) 
has been shown to have greater sensitivity than cPCR, 
even showing sensitivity equal to or greater than that 
of bacterial cultures [28,29]. Therefore, the use of 
qPCR is recommended, together with the optimization 
of methods for DNA extraction from feces, improving 
the sensitivity of MAP detection [30].

The nine MAP isolates obtained from the three 
ungulate species using type-specific PCR came from 
Type C. Type C MAP is known to have a wide range 
of hosts in both domestic and wild ruminants com-
pared to other types, such as Type S, which has mainly 
been described in sheep and goats [31]. Genotype typ-
ification studies have detected Type C and its differ-
ent subtypes in both red deer (Cervus elaphus) and 
scimitar-horned oryx [16,32]. These results agree 
with those in reports from Mexico, where Type C 
MAP has been detected in domestic bovine and cap-
rine populations [20,23,33]. However, it is necessary 
to perform more extensive studies to understand the 
genetic diversity of MAP present in wild ruminants 
under human care in zoological collections, as well as 
in domestic ruminants in Mexico.

The finding of a positive IS900 PCR result from 
the intestinal mucosa of a scimitar-horned oryx calf 
(identified as O9) suggests a possible intrauterine or 
transmammary transmission of MAP, given that this 
calf’s mother (O6) died a month after giving birth. 
Necropsy results from the mother showed MAP-
related lesions, as well as positive bacterial isolation 
from the intestinal mucosa and feces, although the 
fecal-oral transmission route described in other stud-
ies cannot be ruled out in this case [13,34].

The fact that five out of 10 scimitar-horned oryx 
individuals produced positive isolates and positive 
IS900 PCR tests from the intestinal mucosa indicates 
significant MAP infectiousness, as well as the suscep-
tibility of this species. Other factors such as stress can 
contribute to PTB development in wild ruminants, 
similarly as reported for domestic species [26].

Fecal MAP isolation from a giraffe and two 
wildebeests showing no clinical signs indicated 
MAP exposure and probable infection. However, the 
infection could not be demonstrated by the observa-
tion of granulomatous intestinal lesions or intestinal 
MAP detection using culture or PCR tests [12,26]. It 
is important to note that MAP isolation from giraffe 
and wildebeest feces was detected until week 50 of 
incubation. This finding could be because the ani-
mals were in the initial phase of infection and thus 

Figure-3: IS900 polymerase chain reaction results. 
MW well; Molecular weight marker 50 bp; wells (1-6) 
amplification products (314 bp) obtained from DNA 
extraction of the bacterial colonies developed from fecal 
and intestinal mucosa samples; wells (7-9) amplification 
products (314 bp) obtained from DNA extraction of 
intestinal mucosa samples; wells (10-11) amplification 
products (314 bp) obtained from DNA extraction of fecal 
samples; and well (12) positive control of IS900 fragment. 
All samples are from scimitar-horned oryx.

Figure-2: (a) Herrold’s medium with egg yolk and 
sodium pyruvate (HEYP) with no bacterial colony growth. 
(b) Herrold’s medium with egg yolk, sodium pyruvate, and 
mycobactin (HEYMP) showing colony growth compatible 
with Mycobacterium avium subsp. paratuberculosis at week 
10, originating from scimitar-horned oryx fecal sample.

ba



Veterinary World, EISSN: 2231-0916 660

Available at www.veterinaryworld.org/Vol.15/March-2022/15.pdf

producing a low concentration of MAP in feces. For 
this reason, it is recommended to maintain bacterial 
cultures under incubation for longer periods of time 
before ruling out infection. Since different MAP types 
grow better in different media, it is also valuable to 
use different growth mediums to increase the proba-
bility of obtaining MAP isolates.
Conclusion

PTB could be a risk to the health and welfare of 
wild ruminants under human care, particularly for ani-
mals in conservation programs. The results obtained 
in this study show the importance of non-invasive 
individual fecal sample collections repeated over a 
period of time, the use of different diagnostic tests, 
and postmortem studies on animals deceased in zoos 
to understand the MAP status of wild ruminants under 
human care. This is the first study that has achieved 
MAP isolation and identification in wild ruminants in 
Mexico.
Authors’ Contributions

ALH: Collected fecal samples, performed labo-
ratory work, and wrote the manuscript. GC: Directed 
and supervised the project. EM: Supervised and pro-
vided support for laboratory and project work. LEA: 
Supported project work and obtained samples for 
histopathological studies. MTD: Supported project 
work and obtained samples for histopathological 
studies. All authors have read and approved the final 
manuscript.
 Acknowledgments

This project was funded by the UNAM-DGAPA 
project (No. PAPIIT IT201221): “Evaluation of con-
trol and economic impact strategies using the P35 
immunogen in ruminants naturally infected with 
Mycobacterium avium subsp. paratuberculosis.” 
Mexico. The authors also gratefully acknowledge 
the Zoological and Wildlife Conservation General 
Directorate at the Secretariat of Environment of 
Mexico City to support the study.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Chiodini, R.J., van Kruiningen, H.J. and Merkal, R.S. 

(1984) Ruminant paratuberculosis (Johne’s disease): The 
current status and future prospects. Cornell Vet., 74(3): 
218-262.

2. Manning, E.J. and Collins, M.T. (2001) Mycobacterium 
avium subsp. paratuberculosis: Pathogen, pathogenesis and 
diagnosis. Rev. Sci. Tech., 20(1): 133-150.

3. Manning, E.J. (2011) Paratuberculosis in captive and 

free-ranging wildlife. Vet. Clin. North Am. Food Anim. 
Pract., 27(3): 621-630.

4. Carta, T., Alvarez, J., Perez de la Lastra, J.M. and 
Gortazar, C. (2013) Wildlife and paratuberculosis: A review. 
Res. Vet. Sci., 94(2): 191-197.

5. Rasmussen, P., Barkema, H.W., Mason, S., Beaulieu, E. 
and Hall, D.C. (2021) Economic losses due to Johne’s dis-
ease (paratuberculosis) in dairy cattle. J. Dairy Sci., 104(3): 
3123-3143.

6. Eisenberg, S.W., Nielen, M. and Koets, A.P. (2012) Within-
farm transmission of bovine paratuberculosis: Recent 
developments. Vet. Q., 32(1): 31-35.

7. Mitchell, R.M., Beaver, A., Knupfer, E., Pradhan, A.K., 
Fyock, T., Whitlock, R.H. and Schukken, Y.H. 
(2019) Elucidating transmission patterns of endemic 
Mycobacterium avium subsp. paratuberculosis using 
molecular epidemiology. Vet. Sci., 6(1): 32.

8. Sweeney, R.W. (2011) Pathogenesis of paratuberculosis. 
Vet. Clin. North Am. Food Anim. Pract., 27(3): 537-546.

9. Timms, V.J., Gehringer, M.M., Mitchell, H.M., 
Daskalopoulos, G. and Neilan, B.A. (2011) How accurately 
can we detect Mycobacterium avium subsp. paratuberculo-
sis infection? J. Microbiol. Methods, 85(1): 1-8.

10. Whittington, R. (2020) Cultivation of Mycobacterium avium 
subsp. paratuberculosis. In: Behr, M.A., Stevenson, K. and 
Kapur, V., editors. Paratuberculosis: Organism, Disease, 
Control. CABI International, Wallingford, United Kingdom. 
p266-304.

11. More, S., Bøtner, A., Butterworth, A., Calistri, P., Depner, K., 
Edwards, S., Garin-Bastuji, B., Good, M., Gortázar-
Schmidt, C., Michel, V., Miranda, M.A., Nielsen, S.S., 
Raj, M., Sihvonen, L., Spoolder, H., Stegeman, J.A., 
Thulke, H.H., Velarde, A., Willeberg, P., Winckler, C., 
Baldinelli, F., Broglia, A., Zancanaro, G., Beltrán-Beck, B., 
Kohnle, L., Morgado, J. and Bicout, D. (2017) Assessment 
of listing and categorisation of animal diseases within the 
framework of the Animal Health Law (Regulation (EU) 
No 2016/429): Paratuberculosis. EFSA J., 15(17): 4960.

12. Roller, M., Hansen, S., Knauf-Witzens, T., Oelemann 
W.M.R, Czerny C., Abd El Wahed, A. and Goethe, R. 
(2020) Mycobacterium avium Subspecies paratuberculosis 
infection in zoo animals: A review of susceptibility and dis-
ease process. Front. Vet. Sci., 7:572724.

13. Burgess, T.L., Witte, C.L. and Rideout, B.A. (2018) Early-
life exposures and Johne’s disease risk in zoo ruminants. 
J. Vet. Diagn. Invest., 30(1): 78-85.

14. Whittington, R., Donat, K., Weber, M.F., Kelton, D., 
Nielsen, S.S., Eisenberg, S., Arrigoni, N., Juste, R., Sáez, 
J.L., Dhand, N., Santi, A., Michel, A., Barkema, H., 
Kralik, P., Kostoulas, P., Citer, L., Griffin, F., Barwell, R., 
Moreira, M.A.S., Slana, I., Koehler, H., Singh, S.V., Yoo, 
H.S., Chávez-Gris, G., Goodridge, A., Ocepek, M., Garrido, 
J., Stevenson, K., Collins, M., Alonso, B., Cirone, K., 
Paolicchi, F., Gavey, L., Rahman, M.T., De Marchin, E., Van 
Praet, W., Bauman, C., Fecteau, G., McKenna, S., Salgado, 
M., Fernández-Silva, J., Dziedzinska, R., Echeverría, G., 
Seppänen, J., Thibault, V., Fridriksdottir, V., Derakhshandeh, 
A., Haghkhah, M., Ruocco, L., Kawaji, S., Momotani, E., 
Heuer, C., Norton, S., Cadmus, S., Agdestein, A., Kampen, 
A., Szteyn, J., Frössling, J., Schwan, E., Caldow, G., Strain, 
S., Carter, M., Wells, S., Munyeme, M., Wolf, R., Gurung, 
R., Verdugo, C., Fourichon, C., Yamamoto, T., Thapaliya, 
S., Di Labio, E., Ekgatat, M., Gil, A., Alesandre, A.N., 
Piaggio, J., Suanes, A. and De Waard, J.H. (2019) Control 
of paratuberculosis: Who, why and how. A review of 48 
countries. BMC Vet. Res., 15(1): 198.

15. Bryant, B., Blyde, D., Eamens, G. and Whittington, R. 
(2012) Mycobacterium avium subspecies paratuberculosis 
cultured from the feces of a Southern Black Rhinoceros 
(Diceros bicornis minor) with diarrhea and weight loss. 
J. Zoo Wildl. Med., 43(2): 391-393.

16. Pigoli, C., Garbarino, C., Ricchi, M., Bonacina, E., 



Veterinary World, EISSN: 2231-0916 661

Available at www.veterinaryworld.org/Vol.15/March-2022/15.pdf

Gibelli, L., Grieco, V., Scaltriti, E., Roccabianca, P., 
Sironi, G., Russo, S., Pongolini, S. and Arrigoni, N. (2020) 
Paratuberculosis in captive scimitar-horned oryxes (Oryx 
dammah). Animals, 10(11): 1949.

17. IUCN SSC Antelope Specialist Group. (2016) Oryx 
Dammah. The International Union for Conservation of 
Nature’s Red List of Threatened, 2021. IUCN SSC Antelope 
Specialist Group, Gland, Switzerland.

18. Whipple, D.L., Callihan, D.R. and Jarnagin, J.L. (1991) 
Cultivation of Mycobacterium paratuberculosis from 
bovine fecal specimens and a suggested standardized pro-
cedure. J. Vet. Diagn. Invest., 3(4): 368-373.

19. Ratnamohan, T.N. and Spencer, T.L. (1986) A technique 
for the purification of Mycobacterium paratuberculosis 
from the ileal mucosa of infected cattle. Aust. Vet. J., 63(6): 
185-187.

20. Estévez-Denaives, I., Hernández-Castro, R., Trujillo-
García, A. and Chávez-Gris, G. (2007) Detection of 
Mycobacterium avium subsp. paratuberculosis in goat and 
sheep flocks in Mexico. Small Rumin. Res., 72(2): 209-213.

21. Garrido, J.M., Cortabarria, N., Oguiza, J.A., Aduriz, G. and 
Juste, R.A. (2000) Use of a PCR method on fecal samples 
for diagnosis of sheep paratuberculosis. Vet. Microbiol., 
77(3-4): 379-386.

22. Ayele, W.Y., Svastova, P., Roubal, P., Bartos, M. and 
Pavlik, I. (2005) Mycobacterium avium Subspecies para-
tuberculosis cultured from locally and commercially pas-
teurized cow’s milk in the Czech Republic. Appl. Environ. 
Microbiol., 71(3): 1210-1214.

23. Castillo-Velázquez, U., Gómez-Flores, R., Chávez-Gris, G., 
Favila-Humara, L.C., Soto-Castor, R., Maldonado-
Castro, E. and Tamez-Guerra, P. (2015) Presence of para-
tuberculosis in dairy cows culled in Tizayuca (Hidalgo, 
Mexico). Rev. Colomb. Cienc Pecu., 28(2): 174-180.

24. Collins, D.M., De Zoete, M. and Cavaignac, S.M. (2002) 
Mycobacterium avium subsp. paratuberculosis strains from 
cattle and sheep can be distinguished by a PCR test based 
on a novel DNA sequence difference. J. Clin. Microbiol., 
40(12): 4760-4762.

25. Altschul, S.F., Gish, W., Miller, W., Myers, E.W. & 
Lipman, D.J. (1990) Basic local alignment search tool. J. 
Mol. Biol., 215:403-410.

26. Whittington, R.J., Begg, D.J., de Silva, K., Purdie, A.C., 
Dhand, N.K. and Plain, K.M. (2017) Case definition ter-
minology for paratuberculosis (Johne’s disease). BMC Vet. 
Res., 13(1): 328.

27. Salem, M.A., El-Deeb, W.M., Zaghawa, A.A., 
Housawi, F.M. and Alluwaimi, A.M. (2019) Investigation 
of Mycobacterium paratuberculosis in Arabian dromedary 
camels (Camelus dromedarius). Vet. World, 12(2): 218-223.

28. Xia, Z., Johansson, M.L., Gao, Y., Zhang, L., Haffner, G.D., 
MacIsaac, H.J. and Zhan, A. (2018) Conventional versus 
real-time quantitative PCR for rare species detection. Ecol. 
Evol., 8(23): 11799-11807.

29. Schwalm, A.K., Obiegala, A., Pfeffer, M. and Sting, R. 
(2018) Enhanced sensitivity and fast turnaround time in 
laboratory diagnosis for bovine paratuberculosis in faecal 
samples. J. Microbiol. Methods, 152: 39-47.

30. Fock-Chow-Tho, D., Topp, E., Ibeagha-Awemu E.A. and 
Bissonnette, N. (2017) Comparison of commercial DNA 
extraction kits and quantitative PCR systems for better sen-
sitivity in detecting the causative agent of paratuberculosis 
in dairy cow fecal samples. J. Dairy Sci., 100(1): 572-581.

31. Stevenson, K. and Ahlstrom, C. (2020) Comparative 
Genomics and Genomic Epidemiology of Mycobacterium 
avium subsp. paratuberculosis Strains. In: Behr, M.A., 
Stevenson, K. and Kapur, V., editors. Paratuberculosis 
Organism, Disease, Control. CABI International, 
Oxfordshire, UK. p76-81.

32. Galiero, A., Leo, S., Garbarino, C., Arrigoni, N., Russo, S., 
Giacomelli, S., Bianchi, A., Trevisiol, K., Idrizi, I., 
Daka, G., Fratini, F., Turchi, B., Cerri, D. and Ricchi, M. 
(2018) Mycobacterium avium subsp. paratuberculosis iso-
lated from wild red deer (Cervus elaphus) in Northern Italy. 
Vet. Microbiol., 217: 167-172.

33. Chávez-Gris, G., Trigo-Tavera, F.J., Svastova, P. and 
Pavlik, I. (2004) Identificación del polimorfismo genético 
de aislamientos de Mycobacterium avium subespecie para-
tuberculosis de caprinos del centro de México. Vet. Méx., 
35(1): 1-7.

34. van Kooten, H.C.J., Mackintosh, C.G. and Koets, A.P. (2006) 
Intra-uterine transmission of paratuberculosis (Johne’s dis-
ease) in farmed red deer. N. Z. Vet. J., 54(1): 16-20.

********


