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Abstract
Aim of the study: To evaluate the infectivity of a MAP type C of a scimitar oryx (Oryx dammah) - included in an in-

ternational conservation list - that showed clinical signs and granulomatous enteritis associated with paratuberculosis in 
rabbits (Oryctolagus cuniculus) using molecular, bacteriological and pathological methodologies.

Area of study: The study was made in Tequisquiapan, Queretaro, CEIEPAA, FMVZ, UNAM, Mexico.
Material and methods: Three 6-week-old female New Zealand rabbits were orally infected for 3 consecutive days 

with 109 CFU of the MAP isolate. Blood and fecal samples were collected every 2 weeks for a total period of 28 weeks. 
IS900 PCR in blood and F57 real-time PCR in the feces were performed every 2 weeks and pathological analysis and 
bacteriological culture from tissue were made 28 weeks post infection.

Main results:MAP was detected by IS900 PCR in the blood of two of the three animals after 2 weeks of infection and 
again by F57 real-time PCR in the feces of the three infected rabbits. Infection with the MAP isolates in feces at 22 and 
28 weeks post infection in one rabbit and isolate of vermiform appendix resulted in the development of granulomatous 
lesions in the three rabbits. The lesions were diffuse intermediate in one animal and multifocal in the other two rabbits.

Research highlights: Overall, these results demonstrated the infectivity of a MAP isolate from the scimitar oryx in 
rabbits.

Additional key words: bacteriological culture; granulomatous lesions; IS900 PCR; real-time F57 PCR; ruminants; 
experimental infection.

Abbreviations used: AFB (acid-fast bacilli); CFU (colony forming units); HE (hematoxylin-eosin); HPC (hexadecyl 
pyridinium chloride); MAP (Mycobacterium avium subsp. paratuberculosis); PBS (phosphate buffered saline); PCR 
(polymerase chain reaction); PCRq (quantitative real-time PCR); PTB (paratuberculosis); WBC (white blood cells); wpi 
(weeks post infection); ZN (Ziehl Neelsen).
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Introduction

Paratuberculosis (PTB) is a chronic granulomatous 
enteritis of domestic and wild ruminants caused by 
Mycobacterium avium subsp. paratuberculosis (MAP). 
PTB-associated clinical signs include diarrhea, weight 
loss, decreased milk production, and occasional 
premature death. MAP infection has also been linked to 
human intestinal inflammatory diseases, such as Crohn’s 
disease (Whittington et al., 2019). Non-ruminant species, 
such as the wild rabbits (Oryctolagus cuniculus) can 
become naturally infected with MAP through the gut-
associated lymphoid tissue, which results in diarrhea 
or pasty stools, weight loss, and granulomatous lesions 
mainly in the sacculus rotundus and vermiform appendix 
in the late phase of the infection (Mokresh & Butler, 
1990; Beard et al., 2001a,b; Arrazuria et al., 2015, 
2016). Wild rabbits can transmit MAP to domestic and 
wild ruminants when they feed on pastures where MAP-
infected rabbits cohabit, as in the case of deer and cattle 
(Raizman et al., 2005; Judge et al., 2006). Mice, rats, 
and rabbits have been used as animal models for MAP 
infection (Mokresh et al., 1989; Talaat et al., 2020). 
However, animal models other than rabbits do not exhibit 
the characteristic clinical signs of PTB (Greig et al., 1999; 
Vaughan et al., 2005). Granulomatous lesions similar to 
those found in cattle have been observed in the sacculus 
rotundus and vermiform appendix of more than 60% of 
experimentally infected rabbits (Arrazuria et al., 2016). 
Additionally, MAP has also been isolated from the ileum, 
mesenteric lymph nodes, and feces of experimentally 
infected rabbits, suggesting that rabbits are a suitable 
animal model for replicating MAP infection (Mokresh et 
al., 1989; Arrazuria et al., 2016). 

The mouse is the species most used to evaluate MAP 
infections due to MAP replication in the liver, spleen, 
and gut. However, experimental infections in mice 
are usually induced by intraperitoneal or intravenous 
injection of MAP (Talaat et al., 2020). Mice have a short 
lifespan making it more difficult to study a disease with a 
long chronic course. In addition, experimentally infected 
mice do not normally exhibit clinical signs and rarely 
develop PTB-associated granulomatous lesions in the 
gut (Roupie et al., 2012; Cooney et al., 2014; Ghosh et 
al., 2015).

It appears that scimitar oryx is particularly susceptible 
to MAP infection. Although the data are scarce, in a zoo 
colony in Italy ten animals were infected and six died 
with clinical signs of PTB (Pigoli et al., 2020). Similarly, 
in Mexico, ten animals from the same herd were infected 
and 50% of them were ill (Hernández-Reyes et al., 
2022). This apparent susceptibility to PTB highlights the 
importance of MAP diagnosis in scimitar oryx, which 
is considered extinct in the wild (IUCN red list 2016: 
https://www.iucnredlist.org/species/15568/50191470). 
Since interspecies transmission of MAP poses a risk 

to the conservation of animals in zoological parks, it is 
important to carry out pathogenicity studies to evaluate 
the infectivity of MAP strains in animals that may transmit 
the disease, such as rabbits. Therefore, the objective of 
this study was to evaluate the infectivity of a MAP field 
isolate from Oryx dammah (type C) in rabbits. 

Material and methods

Ethics statement

The procedures performed on the animals were 
approved by the Institutional Subcommittee for the 
Care and Use of Experimental Animals of the National 
Autonomous University of Mexico (UNAM), registry 
SICUAE.DC-2019/1-2.

Obtaining MAP type C ORYX origin

A scimitar oryx from a zoological park in Mexico 
City showed clinical signs and lesions compatible with 
PTB at necropsy. Grossly the small intestine showed 
a red coloration and thickening of the mucosa and 
exhibited severe diffuse granulomatous enteritis by 
histopathology. An intestine section was homogenized 
using a tissue grinder Tenbroeck, decontaminated with 
0.75% hexadecyl pyridinium chloride (HPC), and the 
macerate was cultured in Herrold’s medium for 52 weeks 
(Ratnamohan & Spencer, 1986). Subsequently, the isolate 
was identified as MAP type C using a specific polymerase 
chain reaction (PCR) and DNA sequencing (Hernández-
Reyes et al., 2022). The isolate was conserved in Luria 
Bertani media containing 20% sterile glycerol and 10% 
equine fetal serum (Jorge et al., 2005) and placed in 
liquid nitrogen until use. This MAP isolate was cultivated 
at 37 °C for five weeks in a shaking incubator (Thermo 
ScientificMaxQ 4450, Germany) in Middlebrook 7H9 
liquid medium (Difco, Detroit, MI, USA) supplemented 
with 2 mg/L of mycobactin J (Allied Monitor, Fayette, 
MO, USA), 10% OADC (oleic acid, albumin, dextrose, 
and catalase) enrichment (BBL, USA). The MAP 
bacteriological culture was centrifuged at 1,699 × g for 
10 min and resuspended in 1 mL of phosphate buffered 
saline (PBS). The resultant suspension was passed 
through a syringe with a 27 G needle and homogenized by 
vortexing (Labnet International Inc, USA). The bacterial 
suspension was stained with 1% carbol fuchsin and 
quantified in a Petroff Hausser chamber that was observed 
under a light microscope at 40x (Leica DM 1000, USA). 
The viability of the bacteria and the number of colony 
forming units (CFU) were verified by bacteriological 
culture in 7H9 solid medium. Aliquots containing 109 

CFU/mL PBS were prepared and used immediately. 
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Experimental infection and sampling

Three 6-week-old female New Zealand rabbits were 
adapted to the experimental conditions for 3 weeks. On 
week 2, the presence of coccidia in feces was ruled out by 
using the Flotation and McMaster technique (Alowanou et 
al., 2021). 

At the end of the 3 weeks of adaptation, considered 
as day zero and before infection, blood samples were 
collected from the auricular vein of the infected animals 
in vacutainer tubes with EDTA (Becton, Dickinson and 
Company, Franklin Lakes, NJ, USA). The three rabbits 
were orally infected with 109 MAP CFU for 3 consecutive 
days. Blood and feces samples were collected every 2 
weeks for a total period of 28 weeks. At 28 weeks post 
infection (wpi), the rabbits were sedated with xylazine 
(5 mg/kg) and ketamine (35 mg/kg) and later euthanized 
with sodium pentobarbital (60 mg/kg) overdose injected 
intracardially, according to the Official Mexican 
regulations (DOF, 2015). 

Extraction of total DNA from blood, feces, and 
gut tissue samples

White blood cells (WBC) were obtained from blood 
samples by adding 1 mL of erythrocyte lysis buffer to 500 
µL of blood samples. The tubes were vortexed and spun at 
20,200 × g for 2 min. The cell pellet was treated again with 
erythrocyte lysis buffer until it became white according 
to Singh et al. (2010). Subsequently, DNA was extracted 
from WBC using a QIAamp DNA mini-kit spin column 
(QIAGEN®, Duesseldorf, Germany). DNA extraction 
from fecal samples was performed according to Garrido et 
al. (2000) and DNA extraction from gut tissue according to 
Ratnamohan & Spencer (1986). Finally, the isolated DNAs 
were stored at -20 °C until further use.

IS900 PCR from WBC and tissue DNA

Specific primers for the amplification of the insertion 
sequence IS900 of MAP, P3N (5´GGGTGTGGCGT-
TTTCCTTCG3´) and P5N (5´ATTTCGCCGCCACCGC-
CACG3´) were used according to Favila-Humara et al. 
(2010). The PCR master mix contained 0.5 μg of total DNA, 
20 μL of FastStart™ PCR Master (Roche, USA), and 1 µL 
of each primer at a concentration of 500 nM. The PCR am-
plification was performed under the following conditions: 
1 cycle of denaturation at 94 °C for 5 min, 35 cycles at 94 
°C for 40 sec, 56 °C for 40 sec, and 72 °C for 40 sec, with 
a final cycle of 72 °C for 5 min, using a Px2 Thermal cycler 
(Thermo Electron Corporation, USA). In the positive sam-
ples, the amplification of a 314 bp fragment of the IS900 
MAP sequence was observed on a 1% agarose gel stained 
with ethidium bromide 0.5 µg/mL (Invitrogen, USA).

Fecal real-time PCR for the amplification of the 
F57 map sequence

Fecal real-time PCR was performed using the 
Primerdesign Ltd M. avium subsp. paratuberculosis 
species specific F57 DNA fragment Genesig Advanced 
Kit according to the manufacturer´s instructions 
(Roche, Germany). Each PCR reaction contained 5 ng 
of the DNA sample, 10 μL of master mix, 1 μL of probes 
(final concentration 0.1 μM) and 4 μL of RNase/DNase-
free water. Five µL of RNase/DNase-free water was 
used as a negative control, while 5 µL of the positive 
control template provided in the kit, was used for the 
positive control. The PCR conditions were 1 cycle of 2 
min at 95 °C, 50 cycles of 10 sec at 95 °C, and 60 sec 
at 60 °C, using a Genesig q16 Thermal cycler (Roche, 
Germany).

Identification of map in feces using Ziehl 
Neelsen

The identification of acid-fast bacilli (AFB) in feces 
was achieved by Ziehl Neelsen (ZN) staining, following 
the protocol described by Jorge et al. (2005). 

Anatomopathological study

Samples from the duodenum, jejunum, ileum, sacculus 
rotundus, vermiform appendix, colon, rectum, mesenteric 
lymph nodes, liver, kidney, spleen, tonsils, and brain 
were collected at necropsy. Tissues were kept frozen at 
-20 °C until processed for bacteriological culture. For 
the histopathological analysis, samples were fixed in 
10% formalin and embedded in paraffin. Paraffin blocks 
were cut at 5 µm using an ultramicrotome and slices were 
mounted in a slide and stained with hematoxylin-eosin 
(HE) and ZN. The stained sections were examined under 
a light microscope. The PTB-associated lesions were 
classified according to Maio et al. (2011) and Balseiro et 
al. (2019). 

Bacteriological culture from tissue and feces

Only samples from sacculus rotundus, vermiform 
appendix and lymph nodes obtained during the necropsy, 
as well as feces, were processed for culture. Two grams 
of tissue were macerated by mechanical disruption, while 
feces were decontaminated with 40 mL of HPC at a final 
concentration of 0.75% and allowed to settle for 3 days. 
Subsequently, 6-8 drops of the suspension were taken from 
the layer near the sediment and inoculated in HEYMP 
(Herrold’s medium with egg yolk and sodium pyruvate) 
supplemented with 2 mg/L of mycobactin J. The tubes 
were incubated at 37 °C for 56 weeks.
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Results and discussion

The present study demonstrated the ability of a MAP 
isolate from oryx to infect rabbits via the oral route. Table 
1 summarizes the results of the different bacteriological, 
microbiological, and molecular diagnostic methods used 
after the experimental infection of the three rabbits with 
a MAP isolate from scimitar oryx. The three infected 
animals developed multifocal (2/3) or diffuse lesions (1/3) 
in the sacculus rotundus and vermiform appendix at 28 
wpi. Gross and microscopic lesions were not observed in 
the liver, spleen, tonsils, or other organs of the infected 
animals and IS900 PCR results were negative. MAP 
DNA was amplified by IS900 PCR from the vermiform 
appendix of the three infected animals. In addition, MAP 
was detected by qPCR and ZN staining in the feces of all 
animals at 22 and 28 wpi. Furthermore, rabbit ID3 had 
a MAP load in feces at 22 and 28 wpi, with more than 
106 DNA copies per gram of feces. While ID1 and ID2 
rabbits did not present clinical signs, ID3 rabbit presented 
diarrhea 20 wpi and thereafter had a gradual loss of 
body weight. Rabbit ID1 showed moderate thickening 
of the ileum mucosa (Fig. 1A), vermiform appendix, 
and mesenteric lymph node. Microscopically, rabbit ID1 
showed multifocal granulomas in the sacculus rotundus 
(Fig. 1B). Rabbit ID2 showed thickening only in the 

vermiform appendix, and sacculus rotundus mucosa with 
multifocal granulomas composed of macrophages in the 
mesenteric lymph nodes (Fig. 1C) and in the absence 
of AFB (Fig. 1D). In rabbit ID3, mucosal thickening 
was observed in the vermiform appendix and sacculus 
rotundus. Histologically, both sections presented diffuse 
intermediate granulomatous lesions composed of 
macrophages and some Langhans-type multinucleated 
giant cells with moderate infiltration of lymphocytes 
at the interfollicular level in the submucosa (Fig. 1E). 
The infiltrate was also composed of macrophages and 
scarce giant cells, with abundant amounts of AFB in the 
vermiform appendix (Fig. 1F) and moderate amounts of 
AFB in sacculus rotundus. In the same animal, an increase 
in the size and edematous appearance of mesenteric 
lymph nodes was observed. Histologically, multifocal 
granulomas composed of Langhans-type multinucleated 
giant cells and macrophages were observed without the 
presence of AFB. MAP was cultured from the feces of 
one of the three infected rabbits (rabbit ID3) at 22 and 
28 wpi (Fig. S1 [suppl]). Bacteriological cultures from 
the vermiform appendix of three rabbits at 28 wpi were 
positive. In contrast, the bacteriological cultures from 
the lymph nodes of three rabbits were negative despite 
the presence of multifocal granulomas. The association 
between granulomatous lesions with abundant AFB shown 

Table 1. Results of the different bacteriological, microbiological and molecular diagnostic methods after the experimental 
infection of three rabbits with Mycobacterium avium subsp. paratuberculosis type C.

ID PCR IS900 
blood

ZN feces 
smear

qPCR F57 
feces

PCR IS900 
VA

Bacteriological 
culture

Clinical 
signs

Gross 
pathology

Histopathology

1 positive positive 
(22, 28 wpi)

415,282 
copies (22 

wpi)

523,976 
copies (28 

wpi)

positive (28 
wpi)

negative feces

positive VA (28 
wpi)*

negative VA, SC, 
proximal ileum 
with mucosal 
thickening, 

edema in Peyer's 
patches

Multifocal 
granulomatous 
lesions in VA, 
SC, LN, ileum. 

ZN negative

2 positive positive 
(22, 28 wpi)

568,841 
copies (22 

wpi)

684,328 
copies (28 

wpi)

positive (28 
wpi)

negative feces

positive VA (28 
wpi)*

negative SC thickened 
wall

Multifocal 
granulomatous 
lesions in VA, 
SC, LN. ZN 

negative.

3 negative positive 
(22, 28 wpi)

1,059,344 
copies (22 

wpi)

1,238,914 
copies (28 

wpi)

positive (28 
wpi)

positive feces 
22*and 28 wpi**

positive VA (28 
wpi)**

diarrhea 
and 

weight 
loss (20 

wpi)

VA, SC with 
mucosal 

thickening, 
mesenteric lymph 
nodes increased 

in size

Diffuse 
intermediate 

granulomatous 
lesions in VA, 

SC. ZN positive. 
Multifocal 

granulomatous 
lesions in LN. ZN 

negative

ID: identification; wpi: weeks post infection; ZN: Ziehl Neelsen; VA: vermiform appendix; SC: Sacculus rotundus; LN: lymph node; low CFU*; 
high CFU**.
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in this study and the presence of clinical signs has already 
been reported in both natural and experimental infections 
in rabbits, as well as in ruminants, where clinical signs 
are associated with advanced lesions, AFB and positive 
bacteriological cultures (Beard et al., 2001b; Maio et al., 
2011). MAP was detected by IS900 PCR in the WBC 
of two of the three infected rabbits at two wpi (Fig. S2 
[suppl]), indicative of an early systemic infection state in 
subclinical animals (Singh et al., 2010; Badia-Bringué et 
al., 2022).

Previous studies in experimental infections using 
rabbits have shown that not all of them develop clinical 
signs and lesions. These differences are due to age, breed, 
MAP strain type, infective dose, experiment duration, 
route and repeated inoculation (Mokresh et al., 1989; 
Mokresh & Butler, 1990; Vaughan et al., 2005; Begg & 
Whittington, 2008). Experimentally infected rabbits with 
MAP type C isolates revealed that it takes from 5 to 25 
months to show clinical signs. Whereas, in some animals, 
lesions were observed as multifocal granulomatous with 
rare to moderate AFB in gut tissues and occurred between 
5 to 32 months, and those without clinical signs tended 
to have focal lesions without AFB (Mokresh et al., 1989; 
Vaughan et al., 2005; Arrazuria et al., 2015, 2016). In our 
study, intermittent diarrhea was present in only one rabbit 
(ID3) at the fifth month and lesions in the intestine and 
lymph nodes were observed in three animals at 7 months 
post-infection. In experimental infection with MAP K10 

isolate (type C) using the same dose as in this study 
(109 CFU), 87% of the infected rabbits developed PTB-
associated lesions (Arrazuria et al., 2016). Furthermore, 
the different diagnostic techniques used for the evaluation 
of the infection may also contribute to the differences in 
the results between studies (Arrazuria et al., 2015, 2016). 
In natural conditions, it was determined that infected 
cattle eliminate around 108 CFU/g of feces, while the 
shedding of infected rabbits was estimated to be about 
7.6 × 105 ± 5.2 × 105 CFU/g (Daniels et al., 2001, 2003). 
These figures for natural infection doses during extended 
periods of sharing pastures with infected cattle whose 
strains show the same genetic pattern (Greig et al., 1999) 
parallel the infective dose used in this study.

Conclusion
This is the first report of an experimental infection of 

rabbits with a MAP isolate from scimitar oryx. Our results 
demonstrate that rabbits can be infected with a MAP strain 
from oryx and develop PTB-associated lesions, mainly 
in the vermiform appendix and sacculus rotundus. We 
conclude that rabbits can replicate the clinical signs and 
the anatomical and histopathological lesions commonly 
observed in MAP-infected cattle. Therefore, rabbits infected 
with MAP are a suitable model to evaluate the pathogenesis 
of this disease and as vaccine candidates for the control of 

Figure 1. Results of the pathological study: (A) proximal ileum with mucosal thickening, rabbit ID1; (B) multifocal gran-
ulomatous lesions in sacculus rotundus rabbit ID1 (arrows); H-E 4x, bar 200 μm. (C) multifocal granulomatous lesion in 
lymph node rabbit ID2 (arrow) H-E, 40x, bar 50 μm; (D) multifocal granulomatous lesion in lymph node ZN negative, 40x, 
bar 50 μm; (E) diffuse intermediate granulomatous lesions in associated lymphoid tissue in the vermiform appendix, rabbit 
ID3, (arrows) H-E, 40x, bar 20 μm; (F) abundant AFB (arrow) in the cytoplasm of macrophages in lesion in the vermiform 
appendix, rabbit ID3, ZN positive, 100x, bar 10 μm.

1A

1D

1B

1E

1C

1F
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PTB. In addition, our results demonstrated the infectivity 
of a MAP isolate from scimitar oryx in rabbits which has 
implications for the epidemiology of the disease. Rabbits 
and the scimitar oryx can be naturally infected with MAP 
and participate in MAP transmission, representing a risk 
to the conservation of animals in zoological parks where 
diverse animal species are closely housed.

Authors’ contributions 
Conceptualization: E. Maldonado-Castro, B. A. Arellano-

Reynoso, C. G. Gutierrez, M. Alonso-Hearn, G. Chávez-
Gris.

Data curation: B. A. Arellano-Reynoso, C. G. Gutierrez, M. 
Alonso-Hearn, G. Chávez-Gris.

Formal analysis: E. Maldonado-Castro, B. A. Arellano-
Reynoso, C. G. Gutierrez, M. Alonso-Hearn, G. Chávez-
Gris.

Funding acquisition: G. Chávez-Gris.
Investigation: E. Maldonado-Castro.
Methodology: E. Maldonado-Castro, B. A. Arellano-Reynoso, 

C. G. Gutierrez, M. Alonso-Hearn, G. Chávez-Gris.
Project administration: E. Maldonado-Castro, B. A. 

Arellano-Reynoso, C. G. Gutierrez, M. Alonso-Hearn, G. 
Chávez-Gris.

Resources: G. Chávez-Gris.
Software: Not applicable.
Supervision: B. A. Arellano-Reynoso, C. G. Gutierrez, M. 

Alonso-Hearn, G. Chávez-Gris
Validation: A. L. Hernández-Reyes.
Visualization: B. A. Arellano-Reynoso, C. G. Gutierrez, M. 

Alonso-Hearn, G. Chávez-Gris.
Writing – original draft: E. Maldonado-Castro.
Writing – review & editing: B. A. Arellano-Reynoso, C. G. 

Gutierrez, M. Alonso-Hearn, G. Chávez-Gris.

References
Alowanou GG, Adenilé AD, Akouèdegni GC, Bossou AC, 

Zinsou FT, Akakpo GCA, et al., 2021. A comparison of 
Mini-FLOTAC and McMaster techniques in detecting 
gastrointestinal parasites in West Africa dwarf sheep and 
goats and crossbreed rabbits. J Appl Anim Res 49: 30-38. 
https://doi.org/10.1080/09712119.2021.1876703

Arrazuria R, Molina E, Mateo-Abad M, Arostegui I, Garrido 
JM, Juste RA, et al., 2015. Effect of various dietary regi-
mens on oral challenge with Mycobacterium avium subsp. 
paratuberculosis in a rabbit model. Res Vet Sci 101: 80-
83. https://doi.org/10.1016/j.rvsc.2015.06.006

Arrazuria R, Molina E, Garrido JM, Pérez V, Juste RA, El-
guezabal N, 2016. Vaccination sequence effects on immu-
nological response and tissue bacterial burden in paratu-
berculosis infection in a rabbit model. Vet Res 47: 1-11. 
https://doi.org/10.1186/s13567-016-0360-y

Badia-Bringué BG, Canive M, Casais R, Blanco VC, Amado J, 
Iglesias N, et al., 2022. Evaluation of a droplet digital PCR 
assay for quantification of Mycobacterium avium subsp. 
paratuberculosis DNA in whole-blood and fecal samples 
from MAP-infected Holstein cattle. Front Vet Sci 9: 1-13. 
https://doi.org/10.3389/fvets.2022.944189

Balseiro A, Perez V, Juste RA, 2019. Chronic regional intes-
tinal inflammatory disease: A trans-species slow infec-
tion? Comp Immunol Microbiol Infect Dis 62: 88-100. 
https://doi.org/10.1016/j.cimid.2018.12.001

Beard PM, Rhind SM, Buxton D, Daniels MJ, Henderson 
D, Piral A, et al., 2001a. Natural paratuberculosis infec-
tion in rabbits in Scotland. J Comp Pathol 124: 290-299. 
https://doi.org/10.1053/jcpa.2001.0466

Beard PM, Stevenson K, Pirie A, Rudge K, Buxton D, Rhind 
SM, et al., 2001b. Experimental paratuberculosis in calves 
following inoculation with a rabbit isolate of Mycobac-
terium avium subsp. paratuberculosis. J Clin Microbiol 
39: 3080-3084. https://doi.org/10.1128/JCM.39.9.3080-
3084.2001

Begg DJ, Whittington RJ, 2008. Experimental animal infection 
models for Johne’s disease, an infectious enteropathy caused 
by Mycobacterium avium subsp. paratuberculosis. Vet J 
176: 2: 129-145. https://doi.org/10.1016/j.tvjl.2007.02.022

Cooney MA, JL Steele, Steinberg H, Talaat AM, 2014. A mu-
rine oral model for Mycobacterium avium subsp. paratu-
berculosis infection and immunomodulation with Lactoba-
cillus casei ATCC 334. Front Cell Infect Microbiol 4: 1-10. 
https://doi.org/10.3389/fcimb.2014.00011

Daniels MJ, Ball N, Hutchings MR, Greig A, 2001. The graz-
ing response of cattle to pasture contaminated with rabbit 
faeces and the implications for the transmission of para-
tuberculosis. Vet J 161: 306-313. https://doi.org/10.1053/
tvjl.2000.0550

Daniels MJ, Henserson D, Greig A, Stevenson K, Sharp JM, 
Hutchings MR, 2003. The potential role of wild rabbits 
Oryctolagus cuniculus in the epidemiology of paratubercu-
losis in domestic ruminants. Epidemiol Infect 130: 553-559. 
https://doi.org/10.1017/S0950268803008471

DOF, 2015. NORMA Oficial Mexicana NOM 033 SAG/
ZOO/2014 métodos para dar muerte a los animales domésti-
cos y silvestres. Diario Oficial de la Federación (México) 
26/08/2015.

Favila-Humara LC, Chávez-Gris G, Carrillo-Casas EM, 
Hernández-Castro R, 2010. Mycobacterium avium subsp. 
paratuberculosis detection in individual and bulk tank milk 
samples from bovine herds and caprine flocks. Foodborne 
Pathog Dis 7. https://doi.org/10.1089/fpd.2009.0374

Garrido JM, Cortabarria N, Oguiza JA, Aduriz G, Juste RA, 
2000. Use of a PCR method on fecal samples for diagno-
sis of sheep paratuberculosis. Vet Microbiol 77: 379-386. 
https://doi.org/10.1016/S0378-1135(00)00323-0

Ghosh P, Shippy DC, Talaat AM, 2015. Superior protection 
elicited by live-attenuated vaccines in the murine model 
of paratuberculosis. Vaccine 33: 7262-7270. https://doi.
org/10.1016/j.vaccine.2015.10.116

https://doi.org/10.1080/09712119.2021.1876703
https://doi.org/10.1016/j.rvsc.2015.06.006
https://doi.org/10.1186/s13567-016-0360-y
https://doi.org/10.3389/fvets.2022.944189
https://doi.org/10.1016/j.cimid.2018.12.001
https://doi.org/10.1053/jcpa.2001.0466
https://doi.org/10.1128/JCM.39.9.3080-3084.2001
https://doi.org/10.1128/JCM.39.9.3080-3084.2001
https://doi.org/10.1016/j.tvjl.2007.02.022
https://doi.org/10.3389/fcimb.2014.00011
https://doi.org/10.1053/tvjl.2000.0550
https://doi.org/10.1053/tvjl.2000.0550
https://doi.org/10.1017/S0950268803008471
https://doi.org/10.1089/fpd.2009.0374
https://doi.org/10.1016/S0378-1135(00)00323-0
https://doi.org/10.1016/j.vaccine.2015.10.116
https://doi.org/10.1016/j.vaccine.2015.10.116


Spanish Journal of Agricultural Research December 2023 ● Volume 21 ● Issue 4 ● e05SC01

7Short communication: Pathogenicity of Mycobacterium avium subsp. paratuberculosis from Oryx dammah 

Greig A, Stevenson K, Henderson D, Pérez V, Hughes V, Pav-
lik I, et al., 1999. Epidemiological study of paratuberculo-
sis in wild rabbits in Scotland. J Clin Microbiol 37: 1746-
1751. https://doi.org/10.1128/JCM.37.6.1746-1751.1999

Hernández-Reyes AL, Chávez-Gris G, Maldonado-Castro E, 
Alcaraz-Sosa LE, Díaz-Negrete MT, 2022. First identifi-
cation of Mycobacterium avium subsp. paratuberculosis 
in wild ruminants in a zoo in Mexico. Vet World 15: 655-
661. https://doi.org/10.14202/vetworld.2022.655-661

Jorge M, Alito A, Bernardelli A, Canal A, Cataldi A, Cicuta 
M, et al., 2005. Diagnostic manual of mycobacteria of vet-
erinary importance. A. AA de V. de L. of Diagnosis. Santa 
Fe, ed. AA de V. de L. of Diagnosis. Santa Fe, Argentin.

Judge J, Kyriazakis I, Greig A, Davidson RS, Hutchings MR, 
2006. Routes of intraspecies transmission of Mycobacteri-
um avium subsp. paratuberculosis in rabbits (Oryctolagus 
cuniculus): a field study. Appl Environ Microbiol 72: 398-
403. https://doi.org/10.1128/AEM.72.1.398-403.2006

Maio E, Carta T, Balseiro A, Sevilla IA, Romano A, Ortiz 
JA, et al., 2011. Paratuberculosis in european wild rab-
bits from the Iberian peninsula. Res Vet Sci 91: 212-218. 
https://doi.org/10.1016/j.rvsc.2010.12.014

Mokresh AH, Czuprynski CJ, Butler DG, 1989. A rabbit mod-
el for study of Mycobacterium paratuberculosis infection. 
Infect Immun 57: 3798-3807. https://doi.org/10.1128/
iai.57.12.3798-3807.1989

Mokresh AH, Butler DG, 1990. Granulomatous enteritis follow-
ing oral inoculation of newborn rabbits with Mycobacterium 
paratuberculosis of bovine origin. Can J Vet Res 54: 313-319.

Pigoli C, Garbarino C, Ricchi M, Bonacina E, Gibelli L, 
Grieco V, et al., 2020. Paratuberculosis in captive scim-
itar-horned oryxes (Oryx dammah). Animals 1-11. 
https://doi.org/10.3390/ani10111949

Raizman EA, Wells SJ, Jordan PA, Delgiudice GD, Bey RR, 
2005. Mycobacterium avium subsp. paratuberculosis from 
free-ranging deer and rabbits surrounding Minnesota dairy 
herds. Can J Vet Res: 32-38.

Ratnamohan TN, Spencer TL, 1986. A technique for the pu-
rification of Mycobacterium paratuberculosis from the 
ileal mucosa of infected cattle. Aust Vet J 63: 185-187. 
https://doi.org/10.1111/j.1751-0813.1986.tb02970.x

Roupie V, Viart S, Leroy B, Romano M, Trinchero N, Gov-
aerts M, et al., 2012. Immunogenicity of eight Mycobac-
terium avium subsp. paratuberculosis specific antigens 
in DNA vaccinated and Map infected mice. Vet Immunol 
Immunopathol 145: 74-85. https://doi.org/10.1016/j.ve-
timm.2011.10.012

Singh PK, Singh SV, Kumar H, Sohal JS, Singh AV, 2010. 
Diagnostic application of IS900 PCR using blood as a 
source sample for the detection of Mycobacterium avium 
subspecies paratuberculosis in early and subclinical cases 
of caprine paratuberculosis. Vet Med Int 2010: 748621. 
https://doi.org/10.4061/2010/748621

Talaat A, Chia W, Murray E, 2020. Experimental small ani-
mal models of paratuberculosis, 2nd ed; Berh M et al. (eds). 
CAB Int Publ, Boston, USA.

Vaughan JA, Lenghaus C, Stewart DJ, Tizard ML, Michal-
ski WP, 2005. Development of a Johne’s disease infection 
model in laboratory rabbits following oral administration 
of Mycobacterium avium subspecies paratuberculosis. Vet 
Microbiol 105: 207-213. https://doi.org/10.1016/j.vet-
mic.2004.10.019

Whittington R, Donat K, Weber MF, Kelton D, Nielsen SS, 
Eisenberg S, et al., 2019. Control of paratuberculosis: 
who, why and how. A review of 48 countries. BMC Vet 
Res 4: 1-29. https://doi.org/10.1186/s12917-019-1943-4

https://doi.org/10.1128/JCM.37.6.1746-1751.1999
https://doi.org/10.14202/vetworld.2022.655-661
https://doi.org/10.1128/AEM.72.1.398-403.2006
https://doi.org/10.1016/j.rvsc.2010.12.014
https://doi.org/10.1128/iai.57.12.3798-3807.1989
https://doi.org/10.1128/iai.57.12.3798-3807.1989
https://doi.org/10.3390/ani10111949
https://doi.org/10.1111/j.1751-0813.1986.tb02970.x
https://doi.org/10.1016/j.vetimm.2011.10.012
https://doi.org/10.1016/j.vetimm.2011.10.012
https://doi.org/10.4061/2010/748621
https://doi.org/10.1016/j.vetmic.2004.10.019
https://doi.org/10.1016/j.vetmic.2004.10.019

	_Hlk104547875
	_Hlk128677369
	_Hlk143795839
	_GoBack

