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Abstract
Tapirs seem particularly susceptible to mycobacterial infections, especially to tu-
berculosis caused by M. tuberculosis or M. bovis. In this case series, we report an 
infection with the non-tuberculous mycobacteria (NTM) species M. avium ssp. homi-
nissuis (MAH) in a group of four (2.2) captive lowland tapirs (Tapirus terrestris). Two 
female tapirs showed mild respiratory signs such as coughing and mucous sputum 
production for several years, one juvenile male tapir had to be euthanized due to 
severe dyspnoea, and the adult male only showed mild respiratory signs in 2010. 
Post-mortem histopathology of the euthanized animal revealed a chronic broncho-
pneumonia, and MAH was detected via culture. Subsequently, the three remaining 
tapirs were tested further: serologically, the tapirs had high antibody titres against 
M. avium, but they showed no reaction in the comparative skin test (TST). At several 
time points, the animals were tested for the presence of mycobacteria in different 
sample matrices including sputum samples, pooled faecal samples as well as swabs 
from the tapir enclosure to identify potential environmental niches of the pathogen. 
Moreover, animals were directly sampled using nasal swabs, endoscopic broncho-
alveolar (BAL) and gastric lavages. MAH was detected by culture in the sputum sam-
ples, in the BAL of the breeding pair, as well as in the swimming pool water and walls, 
and in swabs taken from the tapir's sleeping beds. We conclude that the TST is not 
a useful diagnostic tool to detect MAC infections in tapirs, whereas antibody ELISA 
and culture from BAL appear more sensitive.
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1  | INTRODUC TION

Bacteria of the family Mycobacteriaceae may cause disease in many 
animal species and in humans. Especially, mycobacteria of the 
Mycobacterium tuberculosis complex (MTC), for example M. tubercu-
losis or M. bovis, are of zoonotic concern (van Dongen et al., 1996). 
Species of mycobacteria outside the MTC are known as non-tuber-
culous mycobacteria (NTM) or atypical mycobacteria (Bauerfeind 
et al., 2013; Greene, 2012; Lécu & Ball, 2011). There are currently 
over 170 species of NTM known. Most NTM are environmental 
bacteria found in water, soil and dust, but they are also capable of 
infecting vertebrates, although the occurrence of disease seems 
to be related to the immune status of the host (Lécu & Ball, 2011; 
Nishiuchi, Iwamoto, & Maruyama, 2017). Especially, members of 
the M. avium–intracellulare complex (MAC) are opportunistic patho-
gens with zoonotic potential. The MAC comprises twelve species; 
M. avium (including four M. avium subspecies: avium [MAA], homi-
nissuis [MAH], paratuberculosis [MAP] and silvaticum [MAS]), M. in-
tracellulare and M. chimaera are the most frequent ones (van Ingen, 
Turenne, Tortoli, Wallace, & Brown-Elliott, 2018). From the MAC, 
the subspecies MAH exhibits the broadest spectrum of hosts, in-
cluding domesticated (pigs, dogs, cats, rabbits and horses) and wild 
animals (elephants), and the clinical outcome can either affect single 
organs only (e.g., respiratory or digestive tract), occur as dissemi-
nated disease or without any clinical signs (van Dongen et al., 1996; 
Eisenberg et al., 2012; Greene, 2012; Haist et al., 2008; Klotz, 
Barth, Baumgartner, & Hewicker-Trautwein, 2018; Kriz et al., 2010; 
Lécu & Ball, 2011; Thorel, Huchzermeyer, & Michel, 2001; Wenker 
et al., 2018). MAH is also an important pathogen for respiratory 
disease in humans with a worldwide increasing incidence and 
prevalence.

Tapiridae belong to the odd-toed ungulates and are a group of 
Neotropical browsers containing four extant species: the Baird's 
tapir (Tapirus bairdii), the lowland tapir (T. terrestris), the mountain 
tapir (T. pinchaque) and the Malayan tapir (T. indicus) (Zimmermann & 
Hernandez, 2012). Tapirs seem particularly vulnerable to mycobacte-
rial infections (Hoyer, Semrau, & Fransen, 2008), especially infections 
with members of the MTC. Pulmonary disease due to M. tuberculo-
sis and M. bovis has been reported for lowland tapirs and Malayan 
tapirs (Murakami et al., 2012; Zimmermann & Hernandez, 2012). 
Jurczynski et al. (2011) describe an infection of Malayan tapirs with 
M. pinnipedii. Mycobacteriosis in tapirs is a protracted disease, and 
clinical signs vary from non-specific to progressive respiratory dis-
ease (Biava et al., 2014; Zimmermann & Hernandez, 2012). Ante 
mortem diagnostic testing is always a challenge; therefore, multiple 
methods should be applied to confirm positive cases (Jurczynski 
et al., 2011). Moreover, Nishiuchi et al. (2017) explained the need 
to identify the infection sources and environmental niches for these 
organisms to control the disease successfully.

To the authors’ knowledge, this is the first report of an atypical 
mycobacteriosis due to MAH in four lowland tapirs in a German zoo. 
We describe the clinical outcome and the diagnostic challenges in 
these tapirs.

2  | MATERIAL S AND METHODS

2.1 | Animals

The modern keeping of lowland tapirs at Cologne Zoo started in 
2008 (Pagel, 2009). The reported case series comprised a group of 
four (2.2) lowland tapirs (tapir #1: adult male, sire of tapirs #3 and #4; 
tapir #2: adult female, dam of tapirs #3 and #4; tapir #3: female off-
spring of tapirs #1 and #2 born in 2011; and tapir #4: male offspring 
of tapirs #1 and #2 born in 2012) kept in one building, divided into 
three individual night stables with adjacent outdoor exhibits, includ-
ing an indoor and an outdoor swimming pool.

2.2 | Sampling

2.2.1 | Animal's samples

At several time points, the animals were tested for the presence of 
mycobacteria in different sample matrices (Table 1). This included 
samples that were only indirectly linked to the animals, such as 
sputum collected from the environment or pooled faecal samples 
(collected over 1 week) from the stable. On the other hand, animals 
were directly sampled using nasal swabs, as well as broncho-alveolar 
(BAL) and gastric lavages (GL) during general anaesthesia, as de-
scribed below.

2.2.2 | Environmental samples

Water samples from the indoor pool as well as swabs from the tapir 
enclosure (wall of the swimming pool, food bowl, automatic water 
trough, salt block, sleeping beds) were taken and submitted for my-
cobacterial detection repeatedly in 2017 (Table 2).

2.3 | Diagnostic methods

2.3.1 | Post-mortem examination

The necropsy of tapir #4 was conducted by certified pathologists. 
Samples of lungs, liver, kidney, spleen, intestines, heart and various 
lymph nodes were taken and examined via histology and bacterio-
logical culture.

2.3.2 | Detection of mycobacteria by culture

Samples from animals and swabs from the environment were sub-
mitted for cultural detection of mycobacteria. Animal samples were 
screened for acid-fast bacteria by Ziehl–Neelsen staining (Becton 
Dickenson). After NALC-NaOH decontamination (final concentration: 
1%, 25 min) or, in case of the intestinal (faecal, gastric) samples, HPC 
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decontamination (final concentration 0.68%, 48 hr), the suspensions 
were cultured on Löwenstein–Jensen and Coletsos agar slants (both 
Artelt-Enclit) and in 7H9 broth with OADC (in house). Cultures were 
incubated up to 3 months and checked every second week for suspi-
cious colonies.

2.3.3 | Molecular genetic identification and 
characterization of mycobacteria

For species identification, DNA was extracted from colony mate-
rial by heat and ultrasonic treatment and subsequently submitted 

TA B L E  1   Performed diagnostic approaches for mycobacteria in the tapirs

Result of the respective test

Year Test Tapir 1 Tapir 2 Tapir 3 Tapir 4

2008/2010a  TST (2008) Neg (2010) Neg NA NA

STAT-PAK – (2010) Neg NA NA

2010b  Culture from sputum M. porcinum/fortuitum M. peregrinum/septicum NA NA

2012 Culture from sputum – M. avium ssp. hominissuis – –

2012 Culture from lung samples 
after necropsy

– – – M. avium ssp. 
hominissuis

2017 ELISA MTC Ab Neg Neg Neg NA

ELISA M. bovis Ab questionable Neg Neg NA

ELISA M. avium Ab Pos Pos Pos NA

2017 Culture from faeces Neg Neg Neg NA

culture from nasal swabs Neg Neg Neg NA

2018 Culture from BAL M. avium ssp. hominissuis M. avium ssp. hominissuis Neg NA

2018 MTC qPCR from BAL Neg Neg Neg NA

MAC qPCR from BAL Neg Neg Neg NA

2018 TST Neg Neg Neg NA

Abbreviation: Ab, antibodies; BAL, broncho-alveolar lavage; MAC, Mycobacterium avium–intracellulare complex; MTC, Mycobacterium tuberculosis 
complex; NA, not applicable; qPCR, real-time PCR; TST, comparative skin test; –, not tested.
aTests in 2008/2010 were pre-transfer checks in the zoos from which the tapirs #1 and #2 came from. 
bSpecies identification performed by 16S rRNA encoding DNA sequencing could not differentiate between the species mentioned. 

Swab sampling points/
environmental samples

Detected mycobacteria

Testing 1 (March 2017)
Testing 2 (April 
2017)

Testing 3 
(August 2017)

Sleeping bed 1 M. avium ssp. hominissuis – –

Sleeping bed 2 None – –

Waterer 1 M. paragordonae None –

Waterer 2 – M. mucogenicum –

Food bowl None None –

Salt block – None –

Sputum from the floor M. avium ssp. hominissuis – –

Wall of the indoor pool after 
draining the water 1

M. vanbaalenii M. fortuitum None

Wall of the indoor pool after 
draining the water 2

M. vanbaalenii – –

Wall of the indoor pool after 
draining the water and 
disinfection

– – M. paragordonae

Water from the indoor pool M. avium ssp. hominissuis M. vanbaalenii –

Abbreviation: –, not tested.

TA B L E  2   By culture detected 
mycobacteria in the tapirs environmental 
surrounding
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to PCR analysis. Conventional PCRs targeting 16S rRNA (Kirschner 
& Böttger, 1998), a MTC-specific DNA fragment (Moser et al., 2008) 
or the insertion sequences (IS) 1245 (Guerrero, Bernasconi, 
Burki, Bodmer, & Telenti, 1995) and IS901 (Kunze, Portaels, & 
McFadden, 1992) were used. For mycobacterial isolates not belong-
ing to the MTC or MAC, the species identification was performed 
by DNA sequence analysis (GATC, now Eurofins Genomics) of the 
16S rRNA encoding DNA fragment, the rpoB and/or the hsp65 
(Adekambi, Colson, & Drancourt, 2003; Telenti et al., 1993). The 
DNA sequences yielded were analysed using NCBI BLASTn with a 
limited search to type material.

Selected MAH isolates were further characterized by MIRU-
VNTR analysis, encompassing the loci VNTR 292, X3, 25, 47, 3, 7, 10 
and 32, following the protocol of Thibault et al. (2007) and using the 
MAC-INMV-SSR database (http://mac-inmv.tours.inra.fr) (Cochard, 
Branger, Supply, Sreevatsan, & Biet, 2020).

2.3.4 | Detection of mycobacteria by real-time PCR

From sputum and BAL samples, DNA was extracted using DNeasy 
Blood & Tissue Kit (Qiagen) and tested by real-time PCRs (TaqMan 
Gene Expression Master Mix, Fisher Scientific) for the presence 
of DNA specific for MTC (Heli, IS1081) (Barth, Menge, Hillemann, 
Lauda, & Pfleghaar, 2020) and/or MAC (IS1311) (Sevilla et al., 2015).

2.3.5 | Tuberculin tests (Comparative skin Test, TST)

Comparative TST were performed by intradermal injections 
of 0.1 ml bovine purified protein derivative (PPDBov; 5,000 IU, 
Rindertuberkulin PPD WDT®, WDT [Wirtschaftsgenossenschaft 
Deutscher Tierärzte eG]) and 0.1 ml of avian PPD (PPDAv; 2,500 IU, 
Geflügeltuberkulin PPD®, WDT) in the inguinal region. Both injec-
tion sites were visually assessed and palpated at 72 hr after injection, 
and any inflammatory response (swelling and skin redness) was clas-
sified as suspicious as described by Isaza (2003).

2.3.6 | Serology

Prior to transport of tapir #2 to Cologne Zoo, a commercial in house 
snap test (ElephantTB STAT-PAK® Assay, Chembio Diagnostic 
Systems) was performed in the former holding facility in 2010.

In tapirs #1, #2 and #3, the humoral immune response against 
mycobacteria was measured using ELISAs detecting antibodies 
against M. tuberculosis, M. bovis or M. avium ssp. from serum sam-
ples taken in August 2017. In the ELISA, the mycobacterial purified 
protein derivates PPDAv (from M. avium), PPDBov (from M. bovis) 
and the recombinant MBP70 (from M. bovis) served as antigens and 
were coated separately to the ELISA plate; subsequently, serum was 
added, and antibodies bound to the antigens were detected using 
HRP-conjugated protein G. All tests were conducted in 2-step serial 

dilutions starting at 1:10 up to a dilution of 1:640. Reactions of 1:40 
were reported as dubious, and reactions exceeding 1:40 dilution 
were individually reported as ‘antibodies detected’ for the three 
respective antigens. Responses to PPDAv were considered as re-
sponses to MAC, PPDBov as general anti-MTC response and MBP70 
as anti-M. bovis response.

2.3.7 | Endoscopic investigation

Tapirs #1 - #3 were put under general anaesthesia to perform a 
bronchoscopy and bronco-alveolar lavage (BAL) as well as gastric 
lavage (GL) in July 2018. Chemical restraint was performed by in-
tramuscular administration of 0.03 mg/kg medetomidine (Domitor®; 
Janssen-Cilag) and 0.015 mg/kg butorphanol (Butorgesic®; CP 
Pharma) via blowpipe. The anaesthesia was prolonged with 0.5 mg/
kg ketamine (Ketamin 10%®; CP Pharma) intravenously and reversed 
with atipamezole (Atipazole®; Veyx) at five times the dosages of the 
administered medetomidine.

Bronchoscopy was performed with a battery-driven, flexi-
ble video endoscope (ESO VET-G 320, ESO Endoskopietechnik). 
The animal was placed in sternal recumbency, and the flexible en-
doscope was passed through the mouth via pharynx and trachea, 
into each main bronchus down to the lower bronchi. Through the 
working channel of the endoscope, a sterile polyethylene catheter 
was advanced into one of the smaller bronchi in each lung. For BAL 
technique, 20 ml of sterile saline 0.9% NaCl (Natriumchlorid-Lösung 
0.9% ad us. vet. WDT®; WDT) was infused via the catheter and ap-
proximately 15 ml of BAL fluid was recovered. The samples of both 
sites were pooled per individual.

For stomach fluid recovery, either the above-mentioned en-
doscope or a new, clean equine nasogastric tube (Model AS60E, 
16 mm × 2.7 m, WDT®; WDT) was passed through the oesophagus 
into the stomach and a gastric fluid sample was collected by aspira-
tion via syringe.

3  | RESULTS

Tapir #1 was a male tapir, the sire of tapirs #3 and #4, born in 
Germany in 2006 and transferred to Cologne Zoo in March 2008. 
Before the transfer, the animal was tested for mycobacteria by TST 
for M. bovis and M. avium ssp. with no reaction (Table 1). Tapir #1 
lived alone until March 2010 and developed respiratory signs such 
as coughing, nasal discharge and mucous sputum production in April 
2010. The animal was treated with antibiotics, mucolytica and ster-
oids several times in 2010. From 2011 on, he never showed respira-
tory signs again.

Tapir #2 was a female tapir, the dam of tapirs #3 and #4, born 
in a zoo in Denmark in 2008 and transferred to Cologne Zoo in 
March 2010. Before transfer, the animal was tested for myco-
bacterial infection by TST for M. bovis and M. avium ssp. with no 
reaction and was MTC-antibody-negative in the STAT-PAK assay 

http://mac-inmv.tours.inra.fr
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(Table 1). Two months after arrival in Cologne, the animal demon-
strated repeatedly mild respiratory signs such as coughing and 
mucous sputum production and was treated with antibiotics. The 
condition improved significantly, but mild clinical signs remained 
present.

Sputum samples of tapirs #1 and #2 were collected in 2010, and 
beside, Serratia sp., E. coli and α-haemolytic streptococci also non-tu-
berculous mycobacteria, in detail M. porcinum/M. fortuitum (tapir #1) 
and M. peregrinum/M. septicum (tapir #2), were identified (Table 1).

Tapir #3 was a female tapir born at Cologne Zoo in June 2011, the 
first offspring of tapirs #1 and #2. This animal already developed re-
spiratory disorders at the age of three weeks such as coughing, ster-
torous breathing sounds and mucous sputum production. Treatment 
with antibiotics and steroids in this animal led to significant clinical 
improvement, but mild respiratory signs remained present.

Tapir #4 was the second offspring of tapirs #1 and #2, a male 
tapir born in October 2012 that showed also respiratory problems 
from the age of 3 weeks on, including coughing and mucous sputum 
production. The animal was euthanized at the age of 2 months, after 
developing a therapy-resistant bronchitis and severe dyspnoea and 
respiratory distress.

Post-mortem examination findings of tapir #4 included a mod-
erate interstitial and exudative bronchopneumonia with localized 
granulomatous reactions and mucoid, sticky plugs in the lumina, as 
well as hyperplasia of mediastinal lymph nodes. MAH was confirmed 
by culture in lung samples. In addition, in a sputum sample of the 
dam, tapir #2, MAH was detected via culture during the same time 
period (Table 1).

Between 2013 and 2017, tapirs #2 and #3 showed repeatedly 
temporary mild respiratory signs such as coughing and mucous spu-
tum production. But, apart from that, all three animals showed good 
general well-being. Because of MAH detection in sputum samples 
and latent pneumonological problems in the group, a stringent hy-
giene regime was installed for the tapir stable including daily disin-
fection of the stable with perform® (Schülke & Mayr), disinfection 
mats soaked with perform® in front of the stable, separated manure 
disposal, changing of clothes before entering the stable and reduc-
tion of the contact between tapirs and keepers as far as possible. 
Nevertheless, no profound improvement was achieved.

In 2017, samples from the environment in the stable were taken 
to identify niches where mycobacteria would be able to survive. 
Twice (at an interval of 1 month) water samples from the indoor 
swimming pool and swabs from the tapir's sleeping beds, food bowl, 
automatic water trough, salt block and walls of the swimming pool 
were examined for mycobacteria. Beside several different environ-
mental, non-tuberculous mycobacteria (Table 2), MAH was cultured 
from the indoor swimming pool water sample and in swabs taken 
from the tapir's sleeping beds. In animal-related samples (faeces and 
nasal swabs), no mycobacteria were identified, but from one sputum 
sample taken from the floor MAH was cultured. Also in 2017, a spu-
tum sample of tapir #2 was MAH-positive by culture (Table 1).

Serological testing in 2017 showed that none of the three tapirs 
had detectable level of antibodies against MTC (PPDBov titre < 10) 

and also antibody testing against M. bovis was not positive (tapirs 
#2 and #3 MPB70 titre < 10, and tapir #1 titre 40). For M. avium, 
antibodies were detected in all three tapirs with a PPDAv titre > 640 
(Table 1).

The airway endoscopy on 18 July 2018 of tapirs #2 and #3 re-
vealed mucopurulent secretions in the upper and lower respiratory 
tracts and oedema of the mucous membranes. The bronchoscopy of 
tapir #1 exhibited no abnormalities. The obtained BAL samples of all 
three tapirs were tested negative for MTC via real-time PCR. MAH 
was cultured from the BAL samples of tapirs #1 and #2, but not from 
the BAL sample of tapir #3 (table 1). Unfortunately, the cultures of 
the gastric lavage samples were overgrown with other bacteria and 
fungi and not analysable. All three tapirs showed no reaction in the 
in parallel performed TST as neither at the PPDbov nor at the PPDav 
injection site inflammation was visible or palpable.

In order to ascertain whether the isolated MAH isolates were 
identical and represent a resident clone, we performed a MIRU-
VNTR analysis based on eight different loci of three isolates from 
2017 and two isolates of 2018. Unfortunately, the isolates from 
2012 were not available anymore. Thereby, in 4 of 5 tested isolates 
the INMV 124 pattern, was identified, in one isolate pattern INMV 
246 (Table 3).

4  | DISCUSSION

This report describes the clinical signs and diagnosis of a MAH in-
fection in a group of captive lowland tapirs in a zoo in Germany. 
There are several cases of tuberculosis in tapirs described in the 
literature, mostly due to members of the MTC such as M. bovis or 
M. tuberculosis. The clinical signs vary from non-specific, for exam-
ple weight loss, to severe respiratory disorders such as coughing, 
fast breathing and dyspnoea (Biava et al., 2014; Kaewamatawong 
et al., 2010; Mangini, Medici, & Fernandes-Santos, 2012; Murakami 
et al., 2012; Pereira et al. 2018). To our knowledge, this is the first 
report that describes clinical signs of an infection with the atypi-
cal mycobacterium MAH in tapirs. Unspecific symptoms such as 
lethargy or weight loss are described for MAH infections in horses, 
cats, dogs or African elephants (Loxodonta africana) (van Dongen 
et al., 1996; Greene, 2012; Haist et al., 2008; Klotz et al., 2018; Kriz 
et al., 2010; Wenker et al., 2018). The principal clinical outcome in 
other host species is dependent on the organ complex primarily af-
fected. Pneumonia and lymphadenitis of local lymph nodes, similar 
to the necropsy findings in tapir #4, were described in cats and 
African elephants (Greene, 2012; Wenker et al., 2018). In dogs and 
rabbits, the gastrointestinal tract with diarrhoea and enlargement 
of the mesenteric lymph nodes was mostly affected (Greene, 2012; 
Haist et al., 2008; Klotz et al., 2018). Eisenberg et al. (2012) describe 
reproductive disorders in adult pigs due to MAH, such as abortion 
caused by placentitis and endometritis, as well as pneumonia, and 
hepatitis in the piglets. Nevertheless, clinical signs are usually rare 
in pigs, the most MAH affected host species besides humans, but 
lesions in their lymph nodes, particularly in the mandibular and/or 
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mesenteric lymph nodes, are regularly observed during slaughter 
(Thorel et al., 2001). In the tapirs of the current report, we only 
observed mild respiratory signs for tapirs #2 and #3, such as cough-
ing and mucous sputum production, whereas in the case of tapir 
#4, severe respiratory signs with massive dyspnoea were apparent, 
leading to euthanasia. In tapir #1, we monitored a case of latent 
infection with no clinical signs from 2011 until to date.

The source and route of the initial infection remain unclear. A 
common environmental or wildlife reservoir represents the most 
probable source of M. avium infection for both humans and animals 
(Haist et al., 2008). Mycobacteria can remain viable for several years 
in the environment, including municipal water supplies and soil, but 
also in tissues of birds and mammals (Greene, 2012). The tapirs’ 
ground foraging behaviour places them at risk of contact with myco-
bacteria in soil and tapirs are closely associated with water (Mangini 
et al., 2012). However, there is also evidence of direct transmission 
(Eisenberg et al., 2012; Haist et al., 2008). In our case, it is most likely 
that tapir #2 had transmitted the disease directly to her offspring 
and to tapir #1. Horizontal transmission is the most significant means 
of infection with mycobacteria, but vertical transmission could also 
occur (Eisenberg et al., 2012; Lecu & Ball, 2012). Before the transfer 
of tapir #2 to Germany, the female was tested negative by TST for 
M. bovis and M. avium and showed no clinical signs of any disease on 
arrival in 2010. Mycobacteria are facultative intracellular pathogens, 
often invading macrophages as the first host cells. For their survival, 
mycobacteria are influencing immune mechanisms in the lympho-
cytes in a way that allows them to stay within the macrophages they 
infect, whereby the infection becomes quiescent (Greene, 2012; 
Lécu & Ball, 2011). Thus, it is conceivable that tapir #2 was already 
infected on arrival in Germany, but in a latent form. Eventually, be-
cause of stressful events, such as the transfer and introduction with 
the male tapir first and giving birth later on, the female could have 
been temporarily immunocompromised and became symptomatic 
as well as shedding increased. Moreover, tapir #1 has lived on his 
own at Cologne Zoo for two years without any respiratory prob-
lems, but shortly after the arrival of female tapir #2, the male #1 
developed respiratory signs. It seems less likely, but still possible, 

that tapir #1 was subclinically infected already before the arrival of 
tapir #2, until the introduction of a conspecific caused stress and 
thereby reduced its immunocompetency. In this case, tapir #2 could 
have been infected by tapir #1. Excretion of the bacteria can take 
place via several routes, mainly associated with the location of gran-
ulomas in shedding individuals: pulmonary lesions generally lead to 
airborne transmission, whereas mesenteric lymph node lesions may 
lead to intestinal excretion of mycobacteria (Lécu & Ball, 2012). In 
our case, faecal shedding of mycobacteria could not be detected. 
MAH was cultured from sputum and BAL samples; therefore, the 
primary localization of the disease in the respiratory tract was likely 
and could be confirmed in the necropsy of tapir #4, as only the lung 
and mesenterial lymph nodes were affected. Since MAH was also 
found in the tapir enclosure (indoor swimming pool and in the tapirs’ 
sleeping beds), this cannot be ruled out as source of infection. But it 
is also well possible that these MAH organisms were excreted from 
the tapirs to the environment and survived there.

For tuberculosis as well as atypical mycobacteriosis, ante mortem 
diagnostic testing is always a challenge. Therefore, multiple meth-
ods should be combined (Jurczynski et al., 2011; Kaewamatawong 
et al., 2010; Lécu & Ball, 2012; Mangini et al., 2012). Lécu and Ball 
(2012) recommend for tapirs the use of ‘direct examination method-
ologies such as BAL fluid culture and PCR, serologic assays such as 
STAT PAK and ELISA, and skin testing (comparative avian and bovine 
PPD)’.

The current study showed that the TST was not useful for the 
detection of an infection with MAH in tapirs, even though the avian 
tuberculin was used in comparison with bovine tuberculin. Finally, 
the low sensitivity of this test caused false-negative test results in 
our animals. As reported by Isaza (2003) and Jurczynski et al. (2011), 
sometimes even false-positive reactions can occur and tapirs are 
known to have an increased likelihood of non-specific reactions. 
Thus, once again, we can confirm that this method is not valid for 
tapirs.

Lécu and Ball (2011) explain that during the course of an in-
fection with mycobacteria, the cellular activity is thought to be 
initially more relevant than the humoral response in order to 

MAH isolate
Origin of 
the isolate

MIRU-VNTR genotype
(number of repeats at locus)

Pattern292 X3 25 47 3 7 10 32

17MA0524 Water 
sample of 
the indoor 
pool

2 2 3 3 1 1 1 8 INMV 124

17MA0531 Sputum 
from floor

2 2 3 3 1 1 1 4 INMV 246

17MA0532 Swab from 
sleeping 
bed

2 2 3 3 1 1 1 8 INMV 124

18MA0850 Tapir #1 2 2 3 3 1 1 1 8 INMV 124

18MA0854 Tapir #2 2 2 3 3 1 1 1 8 INMV 124

TA B L E  3   Mycobacterial interspersed 
repeat unit-variable number of tandem 
repeat analysis
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control and confine infection. However, serological tests are be-
coming more relevant in the detection and monitoring of sick and 
shedding individuals (Lécu & Ball, 2011). In the current cases, all 
three surviving tapirs had high antibody titre against M. avium and 
it would have been very interesting to monitor the development. 
Unfortunately, this was not possible, because the ELISA test was 
no longer available.

The ‘gold standard’ of confirming an infection with mycobacte-
ria is the isolation via culture using solid and liquid media (Jurczynski 
et al., 2011; Lécu & Ball, 2011, 2012), but this method requires ac-
tively shedding animals and is time-consuming (14 days up to several 
weeks for culturing) (Lécu & Ball, 2011). PCR, especially real-time PCR, 
is a sensitive method that can be used on DNA extracted from dif-
ferent samples such as faeces, sputum or lavages. However, some of 
these biological samples are likely to host many other bacteria or bio-
logical compounds as inhibitors that are impairing PCR efficacy (Lécu 
& Ball, 2011). In the current study, the culture was more sensitive than 
the used real-time PCR, as in two BAL samples MAH was cultured, but 
the MAC real-time PCRs were negative.

Additionally, we were able to detect MAH in the sputum samples 
of the tapirs, collected from the environment in the stable. However, 
these results can be discussed as environmental contamination due to 
the fact that MAH is widespread in the environment (Lahiri, Kneisel, 
Kloster, Kamal, & Lewin, 2014; Nishiuchi et al., 2017). Finally, we sup-
port the statement of Hermes et al. (2018) in a study with elephants 
that deep BAL was the most suitable sample as it is collected optimally 
(clean and on site) and protected from environmental contaminations. 
Thus, due to the BAL culture result, the supposedly healthy tapir #1 
was also identified as infected.

In addition, to the sensitivity of the culture method, the isolation 
of the pathogen also allows a more precise analysis of the infectious 
agent, for example if one single strain or several strains are circu-
lating. In our case study by MIRU-VNTR, at least two strains with 
closely related patterns were identified. The pattern IMNV 124 
seems to occur seldom and was previously only found in healthy pigs 
in Japan (Subangkit et al., 2019), diseased pigs in Germany (Eisenberg 
et al., 2012) and one German dog (unpublished data). The second pat-
tern, found in one sputum sample in 2017, differs only in locus 32 with 
four repeats compared to eight repeats in IMNV 124. This pattern 
was not described yet and therefore submitted to the international 
MAC-INMV-SSR database, now representing pattern INMV 246. 
According to the MAC-INMV-SSR database, the detection of four re-
peats in locus 32 is very rare, as it occurs only in two out of 246 pat-
terns (including the new), both belonging to MAH strains. In contrast, 
eight repeats in locus 32 are present in 193 different patterns. We 
might speculate, that strain 17MA0531 with pattern INMV 246 is the 
result of a micro-evolutionary event and emerged from INMV 124, 
similar as it has been described for M. tuberculosis in a Dutch patient 
(Al-Hajoj et al., 2010) or MAP in cattle of one farm in Egypt (Fawzy, 
Fayed, Youssef, El-Sayed, & Zschock, 2016). Further analyses of the 
strains will be performed to check if they are two strains.

In conclusion, this report confirms that tapirs are susceptible to 
infections with mycobacteria, not only to MTC, but also to MAH. 

MAH in tapirs can cause mild-to-severe respiratory disease and 
should be of concern in the management and treatment of tapirs in 
captivity. Direct transmission from tapir to tapir is likely possible, and 
the identification of infection routes and environmental niches is of 
vital importance for the design of prevention measures. We confirm 
that the diagnosis is challenging and that multiple approaches should 
be considered. However, while the comparative TST turned out to 
be inappropriate in our case, we found that a BAL sample and sub-
sequent analysis for mycobacteria by culture and PCR are the most 
meaningful method.
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