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The VetMAXTM M. tuberculosis Complex PCR Kit detects MTBC
DNA in antemortem and postmortem samples from White
rhinoceros (Ceratotherium simum), African elephants
(Loxodonta africana) and African buffaloes (Syncerus caffer).
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Abstract
Background: Bovine tuberculosis and tuberculosis are chronic infectious diseases caused by the Mycobacterium tuberculosis
complex members, Mycobacterium bovis and Mycobacterium tuberculosis , respectively. Infection with M. bovis and M.
tuberculosis have signi�cant implications for wildlife species management, public health, veterinary disease control, and
conservation endeavours.

Results : Here we describe the �rst use of the VetMAX TM Mycobacterium tuberculosis complex (MTBC) DNA quantitative real-
time polymerase chain reaction (qPCR) detection kit for African wildlife samples. DNA was extracted from tissues harvested from
48 African buffaloes and MTBC DNA was detected (test-positive) in all 26 M. bovis culture-con�rmed animals with an additional
12 PCR-positive results in culture-negative buffaloes (originating from an exposed population). Of six MTBC-infected African
rhinoceros tested, MTBC DNA was detected in antemortem and postmortem samples from �ve animals. The PCR was also able to
detect MTBC DNA in samples from two African elephants con�rmed to have M. bovis and M. tuberculosis infections (one each).
Culture-con�rmed uninfected rhinoceros and elephants’ samples tested negative in the PCR assay.

Conclusions: These results suggest this new detection kit is a sensitive screening test for the detection of MTBC-infected African
buffaloes, African elephants and white rhinoceros.

Background
Bovine tuberculosis (bTB) and tuberculosis (TB) are chronic infectious diseases caused by the Mycobacterium tuberculosis
complex (MTBC) members, Mycobacterium bovis (M. bovis) and Mycobacterium tuberculosis (M. tuberculosis), respectively.
Many high TB burden countries are dependent on animal-related industries such as agriculture and tourism to support their
economy. With encroachment of human settlements into land previously used for agriculture or natural habitats, there are
increased opportunities for disease transmission at the interface between animals and people (1). In South Africa, African
buffaloes (Syncerus caffer) are believed to be a key M. bovis wildlife maintenance host, with reported spill-over to other wildlife
species and cattle (2,3). In addition, cases of bTB have also been reported in people in African countries, especially those in
contact with animals (4). Cases of M. tuberculosis infection also occur in domestic cattle in rural areas of Africa as well as captive
wildlife and pets (5–8).

In 2016, bTB was discovered in several free-ranging white rhinoceroses (Ceratotherium simum) and a single black rhinoceros
(Diceros bicornis) as well as disease associated with M. tuberculosis in an African elephant bull in the Kruger National Park (KNP)
(7–9). In South Africa, the largest populations of rhinoceros and elephants reside in KNP, a bTB endemic area. Therefore, infection
with M. bovis and M. tuberculosis have signi�cant implications for species management, public health, veterinary disease control,
and conservation endeavours.

Animals infected with MTBC can remain asymptomatic for months or years. Therefore, strategies for management and control
require early detection of infection, typically through the measurement of antigen-speci�c cell-mediated immune (CMI) responses,
rather than basing decisions on the presence of disease. Unfortunately, species-speci�c in vitro diagnostic assays for detection of
CMI responses to M. bovis and M. tuberculosis are either very limited, as in the case of white and black rhinoceros (10), or non-
existent yet for African elephants. Therefore, antemortem TB diagnosis in these species still relies on mycobacterial culture of
respiratory tract samples such as bronchoalveolar lavage �uid (BALF) from rhinoceros or BALF and trunk washes (TW) from
African elephants. Because mycobacterial culture is regarded as an imperfect gold standard (11,12), detection of mycobacterial
DNA in animal samples has been used as an alternative or ancillary diagnostic method (12, 13). In humans, PCR assays have
become a common molecular tool for rapid detection of TB patients, and now can provide a de�nitive diagnosis (14,15). During
the early 1990’s, many conventional PCRs had been developed and used for the direct detection of MTBC members in bovine
tissue samples (13). In those studies, major discrepancies were reported for sensitivity (63 - 97%) and speci�city (50 – 97%)
values between PCRs for tissue samples with visible and non-visible lesions (13). After the introduction of Real-Time quantitative
PCR (RT-qPCR) for the detection of MTBC members, sensitivity (74 – 100%) and speci�city (97 – 100%) values were considerably
increased, respectively compared to conventional PCR (13). Observed variability between studies did not only depend on the type
of PCR (conventional, nested or RT-qPCR), but also on the number of PCR targets (single- or multiple copy) and reagents, the type
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and number of samples included, and the DNA isolation methods. To date, the largest reported study for the use of a standardised
commercial RT-qPCR in cattle was the use of the VetMAXTM MTBC qPCR Kit using a Bayesian approach and reported a sensitivity
of 87.7% and a speci�city of 97% (13). Since then, this RT-qPCR has been used extensively in wildlife like wild boars, badgers, and
deer and its use has drastically improved bTB surveillance programs in France (16–18).

In this study, we describe the use of the VetMAXTM MTBC qPCR Kit for the detection of the insertion element IS6110 from stored
tissue and respiratory tract samples previously collected from African buffaloes, white rhinoceros and African elephants with
known MTBC-culture status.

Results

When tissue samples from the randomly selected buffaloes (n = 48) from endemic areas were tested with the

VetMAXTM MTBC PCR kit, 38 (79.2%) tested positive (MTBC DNA detected) and 10 (20.8%) tested negative

(MTBC DNA not detected). All 26 culture-confirmed M. bovis-infected buffaloes were PCR positive (Table 1). Of

the 22 culture-negative buffaloes that had been culled based on a positive skin and/or cytokine assay result, 12

were identified as PCR positive (Table 1 and Supplementary Table 1).

Unlike the buffalo, various samples were opportunistically collected from rhinoceros that did not have any

previous testing for TB, although they were in a bTB endemic area (KNP). The BALF samples collected from four

rhinoceros (animal # 4, 5, 6 and 7) suspected of being M. bovis-infected, but unconfirmed by culture, were all

PCR negative. Of the six rhinoceros with postmortem samples tested by PCR, MTBC DNA were detected in five

animals (Table 1). The 11 tissue samples (lymph nodes and lung) that were M. bovis culture-positive from these

five rhinoceros were all positive by PCR. An additional two lymph node samples from the same group of M. bovis-

infected rhinoceros were PCR positive but culture negative. An additional ten tissue samples, collected from four

rhinoceros previously identified as M. bovis-infected by VetMAXTM qPCR and culture on at least a single sample,

were PCR and culture negative. Tissue samples collected from rhinoceros number 10 were PCR negative, but

culture positive for M. bovis (Supplementary Table 2). All the remaining culture-negative tissue and BAL samples

tested were PCR negative (Supplementary Table 2).

Of the 31 antemortem and postmortem samples (6 tissues, 13 BALF and 12 TW) collected, from 13 African

elephants, M. tuberculosis and M. bovis infection was confirmed by mycobacterial culture in 2 elephants; a zoo

elephant and 1 free-ranging elephant from a bTB endemic area, respectively (Table 1 and Supplementary Table

2). The VetMAXTM qPCR confirmed infection in all culture-positive samples from these animals. Antemortem

samples collected from the M. tuberculosis-infected elephant (two BALF and one TW) were all PCR positive, as

well as a postmortem lung tissue sample. Only postmortem samples were available from the M. bovis-infected

elephant. Five lymph node samples were all PCR positive, although only 1 lymph node was culture positive. The

remaining 22 antemortem BALF and TW samples collected from 11 apparently healthy immobilized free-ranging

elephants were all PCR and culture negative (Table 1 and Supplementary Table 2).
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Table 1 Comparative VetMAXTM PCR Kit test results for tissue and respiratory samples collected from African
buffaloes (n = 48), white rhinoceros (n=10) and African elephants (n=13) with known mycobacterial culture
results.
      Mycobacterial culture sample

results
VetMax PCR
Posb/ MTBC
culture Pos
samples

VetMax PCR
Neg/ MTBC
culture Neg
samples

Species Sample type No of samples MTBC culture
positive
(MTBC
isolate)a

MTBC culture
negative

African
buffaloesc

Lymph
nodes(LNs)

n = 47 25 (M. bovis) 22 25/25 10/22

  Lung n = 1 1 (M. bovis) n.a 1/1 n.a
White
rhinocerosd

LNs n = 23 20 (M. bovis) 3 8/20 1/3

  Lung n = 6 6 (M. bovis) n.a 3/6 n.a
  BALF n = 5 n.a 5 n.a 5/5
African
elephantse

LNs n = 4 1 (M. bovis) 3 1/1 0/3

  Lung n = 2 1 (M.
tuberculosis)

1 1/1 0/1

  BALF n = 13 2 (M.
tuberculosis)

11 2/2 11/11

  TW n = 12 1 (M.
tuberculosis)

11 1/1 11/11

aConfirmed MTBC culture positive: M. bovis- and M. tuberculosis-positive by mycobacterial culture and strain typing (27).
bVetMAX PCR Kit is a real-time PCR assay that targets the IS6110 insertion element sequence present in the genome of M.
tuberculosis, M. bovis, M. africanum, M. Microti, M. canetti, M. caprea and M. pinnipedii.
cAll test-positive African buffaloes were euthanized on either or the single intradermal comparative tuberculin test result and an
interferon-gamma (IFN-γ) release assay result.
dAfrican rhinoceros BALF samples tested were collected from four individual animals suspected of M. bovis infection, but not confirmed.
One animal had a duplicate BALF sample.
eAfrican elephant PCR positive/ culture positive BALFs, TW and lung sample were collected from one elephant confirmed to be infected
with Mycobacterium tuberculosis, one PCR positive/ culture positive LN samples were collected from one M. bovis confirmed elephant.

 

Discussion
Although the VetMAXTM MTBC qPCR Kit has widely been used for MTBC detection in various wildlife species from all over the
world, this study is the �rst report of its use for detection of MTBC infection in African wildlife species. Courcoul et al. (2014)
reported its �rst use in cattle in France and showed this PCR had better diagnostic performance compared to mycobacterial
culture or histopathology, creating the foundation for the use of this PCR kit in livestock (19). In 2018, improved abattoir bTB
surveillance strategies were reported for cattle suspected to be infected with M. bovis in France. It was shown that the
incorporation of the VetMAXTM MTBC qPCR kit drastically reduced the number of suspected bTB cases raised by false-positive
histopathology results and shortening their lock-up periods (20). Similarly, wildlife national surveillance systems in France were
also drastically improved in wildlife species like badgers, wild boar, and deer when using the VetMAXTM MTBC qPCR (16–18).
These �ndings led to the further evaluation of the VetMAXTM MTBC qPCR kit in African wildlife in this study and showed strong
agreement with previously mentioned wildlife studies.

When the VetMAXTM MTBC qPCR kit was applied to a bTB endemic African buffalo population with known skin test and cytokine
(IFN-y and IP-10) release assay results for each animal, animals positive for the PCR but with negative culture results were likely to
be truly infected (Table 1). This observation was probably due the imperfect sensitivity of mycobacterial culture (11). Moreover, for
skin and/or cytokine assay positive animals, our �ndings suggest that a validated PCR test may be a better gold standard for
determining MTBC infection status when assessing other diagnostic test performance (14).
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Furthermore, for all known MTBC-exposed rhinoceros, elephants and buffaloes, the observed 18 PCR-positive, mycobacterial
culture-negative results (Table 1), further supports the superior sensitivity of qPCR (11,12). These results may also be explained by
the presence of residual DNA from dead mycobacteria in these samples, as observed with human TB patients, which would lead
to a positive PCR result (21). However, the culture and PCR negative results for samples from presumed uninfected rhinoceros and
elephants also suggest that the VetMAXTM MTBC qPCR Kit may have a good speci�city, although this will need to be investigated
in future studies.

The discordant results, due to failure of the VetMAXTM MTBC PCR kit to detect DNA in M. bovis culture-positive tissue samples
(15/57), may be due to DNA degradation, as a result of several freeze-thaw cycles of the stored homogenates (22). The DNA was
extracted from stored tissues that had been previously frozen and thawed, whereas the samples were processed for culture after
only one freeze-thaw cycle. However, DNA degradation may have been avoided if homogenized tissue samples, destined for DNA
extractions, were stabilized with an appropriate media prior to freezing, or the best option would be to perform DNA extraction on
fresh samples.

Based on preliminary data showing that this qPCR can detect MTBC DNA across a range of wildlife species and sample types, this
kit appears to be a promising new tool for postmortem TB diagnosis as well as screening antemortem clinical samples. Since this
kit can be used across species, it is especially important for wildlife where only limited host-based diagnostic tests are available. It
is important to note that the technique appears to be sensitive, although the limitations of this pilot study included limited sample
size and freeze-thawing of samples prior to qPCR testing. Additionally, MTBC RT-qPCR test limitations, in general, include the need
for qPCR facilities, the detection of genomic targets present in all MTBC members and not individual isolates like M. bovis or M.
tuberculosis, and the high costs related to using qPCRs for population level surveillance programs, may preclude its widespread
application.

Conclusions
Our �ndings support the use of the VetMAXTM MTBC PCR Kit for the successful ampli�cation of the insertion element IS6110 from
mycobacterial DNA isolated from tissue and respiratory tract samples obtained from M. bovis-infected African buffaloes, M.
bovis-infected white rhinoceros, and M. tuberculosis- and M. bovis-infected African elephants. Furthermore, this qPCR could
provide a new tool for the detection of TB in various sample types from African wildlife species.

Methods
Animals

Archived tissue samples from forty-eight African buffaloes from bTB endemic areas, tested between 2016 and 2018 during a bTB
test-and-cull programme, were selected for this study. All buffaloes were tested using the single comparative intradermal
tuberculin test (SCITT), two separate interferon-gamma (IFN-γ) release assays (IGRAs) and a QuantiFERON TB Gold In-tube (QFT)
IFN-γ induced protein of 10 kDa (IP-10) release assay (IPRA), as previously described (23,24). All test-positive (i.e., positive on any
test) buffaloes were shot by their respective park managers and transported to the abattoir for further processing. Thereafter,
tissue samples were opportunistically collected at necropsy for mycobacterial culture and subsequent DNA extractions as in the
case of this study. Number of animals selected for bTB testing were done by park management depending on funding available
and not by the authors of this study.   

Similarly, in 2018 in KNP, antemortem BALF samples were opportunistically collected from four boma-con�ned white rhinoceros
and postmortem tissue samples from six poached rhinoceros found dead (approximately 4-12 hours) on arrival. Trunk wash (TW)
and BALF samples were also opportunistically collected from 12 chemically immobilized African elephants that included 11 free-
ranging animals from KNP and one zoo elephant (South Africa) suspected of being MTBC-infected. In addition, tissue samples
were collected from the same zoo elephant after natural death and opportunistically from an elephant carcass discovered in
Kruger National Park. All rhinoceros and elephant tissue and respiratory tract samples were processed for DNA extractions and
mycobacterial culture. Rhinoceros and elephant immobilizations for BALF and TWs collection were conducted by veterinarians
from KNP Veterinary Wildlife Services (South African National Parks) according to their protocols, animals were carefully
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monitored during this process and all successfully revived. All animals reported in this study were opportunistically sampled
during routine immobilizations and not speci�cally for this study.

Sample collection and mycobacterial culture

All animal carcasses included in this study were examined for gross TB lesions. Tissue samples with TB-consistent lesions were
collected and stored frozen separately. For animals with no visible lesions, samples of head (mandibular, retropharyngeal) and
thoracic (mediastinal and tracheobronchial) lymph nodes were pooled by anatomical site. Endoscopic bronchoalveolar lavages
were performed on chemically immobilized rhinoceros and elephants as previously described to collect antemortem samples
(25,26). Additionally, TW samples were obtained from immobilized elephants by �ushing 250 ml of sterile saline into each nostril,
separately, elevating and lowering the trunk for approximately 30-40 s and aspirating the �uid into a sterile 500 ml collection
chamber. Respiratory samples collected in 50 ml sterile falcon tubes were concentrated by centrifugation at 2000 x g for 30 min
and decanting 46 ml of the supernatant. The remaining 4 ml with resuspended pellet were stored at - 20°C. All tissue and
respiratory samples were processed for mycobacterial culture using Mycobacterial Growth Indicator Tubes (MGITTM) and the
BACTECTM MGITTM 960 Mycobacterial Detection System (Becton Dickinson, Franklin Lakes, NJ, USA), as previously described
(23). All Ziehl-Neelsen positively stained bacterial cultures were genetically speciated by PCR, as previously described (27).

VetMAXTM MTBC PCR Kit

After mechanical lysis of all tissue, BALF, and TW samples, DNA was extracted from each sample using the QIAamp® DNA mini kit
(Qiagen, Venlo, Limburg, Netherlands) as prescribed by the commercial VetMAXTM MTBC qPCR kit. Extracted DNA (5 µl) was
mixed with 20 µl of reaction mix from the PCR kit and the reactions carried out in duplicate using the CFX96 Touch™ Real-Time
PCR Detection System (Bio-Rad Laboratories, Hercules, CA, USA). The PCR reactions were done at 50°C for 2 min (1 cycle),
followed by one cycle at 95°C for 10 min, 40 cycles of 15 s at 95°C, and 1 min at 60°C. The experiment was conducted once due to
reagent availability. Results were interpreted as negative (Ct > 40), positive (Ct < 40) or invalid, following the manufacturer’s
recommendations and by comparison with multispecies endogenous sample Internal Positive Control and the qPCR test negative
and positive qPCR control ampli�cation results. All samples were de-identi�ed prior to DNA extractions to ensure unbiased
interpretation of qPCR results and tested in batches of �ve to avoid possible cross contaminations.

Statistical analysis

All positive and negative VetMAXTM qPCR and mycobacterial culture results were reported as proportions of the total number of
samples tested. All results for the VetMAXTM qPCR, average Ct values and mycobacterial culture results for each sample tested
from individual animals are provided in Supplementary Tables 1 and 2.

List Of Abbreviations
1. MTBC: Mycobacterium tuberculosis complex

2. bovis: Mycobacterium bovis

3. tuberculosis: Mycobacterium tuberculosis

4. bTB: bovine tuberculosis

5. TB: tuberculosis

6. KNP: Kruger National Park

7. CMI: cell-mediated immunity

8. BALF: bronchoalveolar lavage �uid

9. TW: trunk wash

10. RT-qPCR: real time quantitative polymerase chain reaction

11. IS6110: insertion element 6110

12. IFN-γ: interferon gamma
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13. IP-10: interferon gamma-induced protein of 10kDa

14. SCITT: single comparative intradermal tuberculin test

15. IGRA: IFN-γ release assay

16. IPRA: IP-10 release assay

17. QFT: QuantiFERON® TB Gold In-tube assay

18. MGIT: Mycobacterial growth indicator tuber

19. ZN stains: Ziehl-Neelsen staining

Declarations
Ethics approval

Ethical approval for this project was granted by Stellenbosch University Animal Care and Use Committee (ACU‐2018‐0966; ACU‐
2019‐6308 and ACUACU-2019-9081) and section 20 research permits issued by the Department of Agriculture, Forestry and
Fisheries (Ref: 12/11/1/7/2; 12/11/1/7/5 and 12/11/1/7/6).

Consent for publication

Not applicable.

Availability of data and materials

The raw data generated during the current study are available from the corresponding author on reasonable request. Moreover, all
results for each animal are available in the accompanying supplementary tables.

Competing interest

The authors declare that they have no competing interests.

Funding

This work was only supported �nancially by 1) the Harry Crossley Foundation, 2) South African government through the South
African Medical Research Council and the National Research Foundation South African Research Chair Initiative (grant #86949),
3) ThermoFisher, and 4) American Association of Zoo Veterinarians Wild Animal Health Fund (S005651). The study design,
content and conclusions are the sole responsibility of the authors and does not represent the o�cial views of the funders. The
funder’s only role was for �nancial assistance.

Author’s contributions

WJG and MM designed the study. WJG performed the experiments. WJG, MM, TJK and LK analysed the data. WJG, MM, TJK, LK,
RMW, PvH, BS and SDCP wrote the manuscript. PB and DC assisted with animal sampling. All authors read and approved the �nal
manuscript.

Acknowledgements

We thank Alicia and Warren McCall, Dr. Rowan Leeming, JP van Heerden, the Game Capture staff from Kruger National Park and
Enzemvelo Wildlife, Guy Hausler, Leana Rossouw, Tebogo Manamela, and Drs. Jennie Hewlett and Robert Campbell from National
Zoological Gardens of South Africa.

Author’s information

aDST-NRF Centre of Excellence for Biomedical Tuberculosis Research; South African Medical Research Council Centre for
Tuberculosis Research; Division of Molecular Biology and Human Genetics, Faculty of Medicine and Health Sciences,
Stellenbosch University, Cape Town, South Africa.



Page 8/9

bVeterinary Wildlife Services, South African National Parks, Kruger National Park

c Enzemvelo KZN Wildlife, PO Box 25, Mtubatuba 3935, South Africa

dThermo Fisher Scienti�c; Prionics AG; Wagistrasse 27A; Schlieren-Zurich; Switzerland

References
1. Müller B, Dürr S, Alonso S, Hattendorf J, Laisse CJM, Parsons SDC, et al. Zoonotic Mycobacterium bovis–induced

Tuberculosis in humans - Volume 19, Number 6—June 2013 - Emerging Infectious Diseases journal - CDC. 2019 Aug 15 [cited
2019 Aug 15]; Available from: https://wwwncdev.cdc.gov/eid/article/19/6/12-0543_article

2. Dippenaar A, Parsons SDC, Miller MA, Hlokwe T, Gey van Pittius NC, Adroub SA, et al. Progenitor strain introduction of
Mycobacterium bovis at the wildlife-livestock interface can lead to clonal expansion of the disease in a single ecosystem.
Infect Genet Evol J Mol Epidemiol Evol Genet Infect Dis. 2017 Jul; 51:235–8.

3. Hlokwe TM, van Helden P, Michel AL. Evidence of increasing intra and inter-species transmission of Mycobacterium bovis in
South Africa: are we losing the battle? Prev Vet Med. 2014 Jul 1;115(1–2):10–7.

4. Otchere ID, Tonder AJ van, Asante-Poku A, Sánchez-Busó L, Coscollá M, Osei-Wusu S, et al. Molecular epidemiology and
whole genome sequencing analysis of clinical Mycobacterium bovis from Ghana. bioRxiv. 2018 Dec 6;489203.

5. Parsons SDC, Menezes AM, Cooper D, Walzl G, Warren RM, van Helden PD. Development of a diagnostic gene expression
assay for tuberculosis and its use under �eld conditions in African buffaloes (Syncerus caffer). Vet Immunol Immunopathol.
2012 Aug 15;148(3–4):337–42.

6. Hlokwe TM, Said H, Gcebe N. Mycobacterium tuberculosis infection in cattle from the Eastern Cape Province of South Africa.
BMC Vet Res. 2017 Oct 10;13. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5635548/

7. Miller M, Michel A, van Helden P, Buss P. Tuberculosis in rhinoceros: An underrecognized threat? Transbound Emerg Dis. 2017
Aug;64(4):1071–8.

8. Miller MA, Buss P, Roos EO, Hausler G, Dippenaar A, Mitchell E, et al. Fatal Tuberculosis in a free-ranging African elephant and
One Health implications of human pathogens in wildlife. Front Vet Sci [Internet]. 2019 [cited 2019 Feb 8];6. Available from:
https://www.frontiersin.org/articles/10.3389/fvets.2019.00018/full

9. Miller MA, Buss P, Parsons SDC, Roos E, Chileshe J, Goosen WJ, et al. Conservation of White rhinoceroses threatened by
Bovine tuberculosis, South Africa, 2016–2017. Emerg Infect Dis. 2018 Dec;24(12):2373–5.

10. Chileshe J, Goosen WJ, Buss PE, van Helden PD, Warren R, Parsons SDC, et al. A commercial ELISA for detection of interferon-
gamma in white rhinoceros. J Vet Diagn Investig Off Publ Am Assoc Vet Lab Diagn Inc. 2019 Apr 11;1040638719843955.

11. de la Rua-Domenech R, Goodchild AT, Vordermeier HM, Hewinson RG, Christiansen KH, Clifton-Hadley RS. Ante mortem
diagnosis of tuberculosis in cattle: a review of the tuberculin tests, gamma-interferon assay and other ancillary diagnostic
techniques. Res Vet Sci. 2006 Oct;81(2):190–210.

12. Lorente-Leal V, Liandris E, Castellanos E, Bezos J, Domínguez L, de Juan L, et al. Validation of a real-time PCR for the
detection of Mycobacterium tuberculosis complex members in bovine tissue samples. Front Vet Sci [Internet]. 2019 [cited
2019 Apr 2];6. Available from: https://www.frontiersin.org/articles/10.3389/fvets.2019.00061/full

13. Costa P, Botelho A, Couto I, Viveiros M, Inácio J. Standing of nucleic acid testing strategies in veterinary diagnosis laboratories
to uncover Mycobacterium tuberculosis complex members. Front Mol Biosci. 2014; 1:16.

14. Chakravorty S, Simmons AM, Rowneki M, Parmar H, Cao Y, Ryan J, et al. The new Xpert MTB/RIF Ultra: Improving detection of
Mycobacterium tuberculosis and resistance to Rifampin in an assay suitable for point-of-care testing. mBio. 2017 Sep 6;8(4):
e00812-17.

15. Dorman SE, Schumacher SG, Alland D, Nabeta P, Armstrong DT, King B, et al. Xpert MTB/RIF Ultra for detection of
Mycobacterium tuberculosis and rifampicin resistance: a prospective multicentre diagnostic accuracy study. Lancet Infect
Dis. 2018 Jan 1;18(1):76–84.

16. Lambert S, Hars J, Réveillaud E, Moyen J-L, Gares H, Rambaud T, et al. Host status of wild roe deer in bovine tuberculosis
endemic areas. Eur J Wildl Res. 2016 Dec 14;63(1):15.



Page 9/9

17. Réveillaud É, Desvaux S, Boschiroli M-L, Hars J, Faure É, Fediaevsky A, et al. Infection of wildlife by Mycobacterium bovis in
France assessment through a national surveillance system, sylvatub. Front Vet Sci [Internet]. 2018 Oct 30 [cited 2020 May
4];5. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6220493/

18. Richomme C, Courcoul A, Moyen J-L, Reveillaud É, Maestrini O, Cruz K de, et al. Tuberculosis in the wild boar: Frequentist and
Bayesian estimations of diagnostic test parameters when Mycobacterium bovis is present in wild boars but at low
prevalence. PLOS ONE. 2019 Sep 24;14(9): e0222661.

19. Courcoul A, Moyen J-L, Brugère L, Faye S, Hénault S, Gares H, et al. Estimation of sensitivity and speci�city of bacteriology,
histopathology and PCR for the con�rmatory diagnosis of Bovine tuberculosis using latent class analysis. PLOS ONE. 2014
Mar 13;9(3): e90334.

20. Michelet L, Cruz K de, Karoui C, Tambosco J, Moyen J-L, Hénault S, et al. Second line molecular diagnosis for bovine
tuberculosis to improve diagnostic schemes. PLOS ONE. 2018 Nov 26;13(11): e0207614.

21. Theron G, Zijenah L, Chanda D, Clowes P, Rachow A, Lesosky M, et al. Feasibility, accuracy, and clinical effect of point-of-care
Xpert MTB/RIF testing for tuberculosis in primary-care settings in Africa: a multicentre, randomised, controlled trial. Lancet
Lond Engl. 2014 Feb 1;383(9915):424–35.

22. Shao W, Khin S, Kopp WC. Characterization of effect of repeated freeze and thaw cycles on stability of genomic DNA using
pulsed �eld gel electrophoresis. Biopreservation Biobanking. 2012 Feb;10(1):4–11.

23. Goosen WJ, Miller MA, Chegou NN, Cooper D, Warren RM, van Helden PD, et al. Agreement between assays of cell-mediated
immunity utilizing Mycobacterium bovis-speci�c antigens for the diagnosis of tuberculosis in African buffaloes (Syncerus
caffer). Vet Immunol Immunopathol. 2014 Jul 15;160(1–2):133–8.

24. Goosen WJ, Cooper D, Miller MA, van Helden PD, Parsons SDC. IP-10 Is a sensitive biomarker of antigen recognition in whole-
blood stimulation assays used for the diagnosis of Mycobacterium bovis Infection in African buffaloes (Syncerus caffer). Clin
Vaccine Immunol CVI. 2015 Aug;22(8):974–8.

25. Michel AL, Lane EP, de Klerk-Lorist L-M, Hofmeyr M, van der Heijden EMDL, Botha L, et al. Experimental Mycobacterium bovis
infection in three white rhinoceroses (Ceratotherium simum): Susceptibility, clinical and anatomical pathology. PloS One.
2017;12(7): e0179943.

26. Parsons SDC, Morar-Leather D, Buss P, Hofmeyr J, McFadyen R, Rutten VPMG, et al. The kinetics of the humoral and
Interferon-gamma immune responses to experimental Mycobacterium bovis infection in the White rhinoceros (Ceratotherium
simum). Front Immunol [Internet]. 2017 Dec 22 [cited 2019 Mar 13];8. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5743672/

27. Warren RM, Gey van Pittius NC, Barnard M, Hesseling A, Engelke E, de Kock M, et al. Differentiation of Mycobacterium
tuberculosis complex by PCR ampli�cation of genomic regions of difference. Int J Tuberc Lung Dis Off J Int Union Tuberc
Lung Dis. 2006 Jul;10(7):818–22.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

VetMAXqPCRkitinwildliferesultsBMCV3.xlsx

VetMAXMTBCPCRKitWJG2020BMCV2.docx

https://assets.researchsquare.com/files/rs-14458/v2/VetMAXqPCRkitinwildliferesultsBMCV3.xlsx
https://assets.researchsquare.com/files/rs-14458/v2/VetMAXMTBCPCRKitWJG2020BMCV2.docx

