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Overview: the pathogens

 Important cause of morbidity and mortality in zoo, pet, and laboratory 
amphibians

 Caecilians, anurans, and caudates

 Usually post-metamorphosis (chronic disease)

 Most common isolates recovered from diseased amphibians (all NTM):

 M. marinum

 M. fortuitum

 M. liflandii

 M. xenopi

 Nontuberculous mycobacteria (NTM) common in aquatic environments – biofilm

 M. marinum is an environmental opportunist and is not closely related to the 
M. tuberculosis complex (MtbC) group

 One published report of M. bovis in a bullfrog (MtbC) (Ikuta et al. 2018)

 Transmission: direct contact, contaminated water, fomites

 Infective dose is very low (about 23 bacteria!)



Overview: clinical presentation, diagnosis, 
management

 Subclinical in immunologically competent individuals

 Early sign = weight loss with normal appetite

 Experimental study in immunocompetent leopard frogs given a low dose of M. marinum 
chronic subclinical granulomatous disease  immunosuppressed with hydrocortisone 
fulminant lethal mycobacteriosis (Ramakrishnan et al. 1997)

 Cutaneous ulcers, internal abscesses (bloating, cloacal prolapse), lethargy, emaciation, 
subcutaneous edema, poor feeding response

 Skin scrapings/impression smears/fine needle aspirate for cytology

 Internal abscesses can be surgically removed

 Granulomatous lesions with acid-fast bacteria  submit for PCR and culture

 If mycobacteriosis is confirmed  recommend euthanasia

 Treatment is ineffective in amphibians

 Pathogen is likely to be zoonotic

 Precise identification of the Mycobacteria involved is recommended

 Disinfection e.g., 200 ppm bleach or 70% ethanol

 Recommend husbandry review to identify contributing factors **STRESS**



Amphibian quarantine

 Proper quarantine procedures will not prevent introduction of 
mycobacteriosis by clinically healthy amphibians!

 No reliable test for mycobacteriosis

 Consider culling a proportion for full gross and histopathology exam

 Consider starting colony from eggs?

 Example of routine amphibian quarantine….

 30 day hold in dedicated quarantine facility

 Three parasite-negative fecal examinations (or treat until negative) 

 Physical examination and microchip

 Skin swab for ranavirus and chytrid PCR

 Ultrasound and radiography

 Full necropsy for any deaths



Case series: population history

 Exhibit established in 2009

 Eight captive-bred Chinese gliding frogs from a US zoo

 Imported to Canada  founder population

 1- to 2-year-old frogs

 Mixed-species naturalistic exhibit with black-
breasted leaf turtles Geoemyda spengleri

 No major health concerns

 Bred in 2014  22 offspring metamorphosed

 8 offspring moved to a US zoo in June 2014

 14 offspring remained on exhibit with older cohort



2016 index case

 2-year-old female 

 Bred at this zoo (metamorphosed 2014)

 March 2016 ulcerative lesion on dorsum

 Removed from exhibit for treatment

 Impression smear: macrophages and toxic azurophils, mixed 
bacteria

 No bacteriology submitted

 Healed over 4-6 weeks with topical treatment (hydrocolloid 
gel, ofloxacin) and systemic antibiotics (ceftazidime)

 May 2016 new lesions on rostrum and head, waxed and 
waned but never healed despite treatment

 Video camera set up in case of self-injury (glass collisions)

 Found dead 15 September 2016



July 2016 September 2016



2016 index case gross necropsy

 Severe bilateral mucopurulent 
pneumonia

 Lung parenchyma thickened and grey-
brown (usually clear colourless
membrane)

 Airspace filled with brown mucus

 Immature ovarian follicles

 Hepatic lipidosis

 Atrophied fat bodies



Severe 
granulomatous 
pneumonia with 
filamentous 
beaded acid-
fast bacteria



Case 2: 4 October 2016

 2-year-old unspecified sex found dead

 Discarded due to severe autolysis

Case 3: 28 October 2016

 2-year-old male found dead

 Severe bilateral mucopurulent 
pneumonia

 Cholecystitis

 Atrophied fat bodies



Case 1: Animal Health Laboratory and Public 
Health Ontario results received 1 November 
2016

 Sample cultured using an automated liquid culture system (BACTEC MGIT 960) and solid media 
(Löwenstein-Jensen) following standard protocols

 Isolates from positive cultures were identified using a commercial line-probe assay (GenoType
Mycobacterium CM) targeting the 23S rRNA region  strongly positive band for MtbC complex
**REPORTED AS MYCOBACTERIUM TUBERCULOSIS**



Public health response at the zoo

 Public health response began immediately

 Staff nurse performed TB skin testing for all in-contact 
keepers and vets

 No positive reactions, no illness

 Several vet staff had childhood BCG vaccines so were not 
tested

 All remaining frogs and turtles in exhibit moved to biosecure 
quarantine in Wildlife Health Centre

 Access restricted to two trained keepers and vet staff 
wearing full PPE including N-95 masks



Further testing at Public Health Ontario

 Further testing with a rapid immunochromatographic identification test 
for MtbC (TBAg MPT64 RAPID) and another line-probe assay (GenoType
MtbC) could not confirm the MtbC+ result

 16S gene sequencing  novel strain of Mycobacterium marinum that 
had cross-reacted with the GenoType Mycobacterium CM line-probe 
assay giving a false-positive result for MtbC



Zoonotic risk of M. marinum –pulmonary 
disease in an immunocompetent 
aquarist



Zoonotic risk of amphibian 
mycobacteriosis

 No known reports of direct transmission from amphibians to humans

 Environmental exposure to contaminated water/biofilm

 Skin wounds/abrasions

 Suspect infected amphibians should be handled with nonpowdered moist 
latex or nitrile gloves (protect yourself and the amphibian!)

 Human NTM infection is rare, but reports include M. marinum ulcerative or 
nodular dermatitis (“aquarium tank granuloma”) which can spread to tendon 
sheaths or joints

 M. gordonae and M. chelonae have been isolated in human patients with 
chronic skin abscesses and nonhealing ulcers

Mycobacterium marinum “aquarium granuloma” 
Credit: ISM/Science Photo Library



Database search: previously undetected 
epizootic in founder population

 Over 5,000 animals of 500 species at this zoo

 Residents perform gross necropsy on all deaths

 Histopathology screened by the residents with pathologists at the local 
vet school

 Pathology cases are prioritised by conservation concern

 Internal database of zoo pathology cases found that we had missed previous 
mycobacteriosis deaths

 Slow-burning epizootic in a low-conservation-concern species can be 
missed in a large collection
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What to do with the 
frogs in quarantine?

 Diagnosis of mycobacteriosis is difficult in living 
amphibians

 Combination of cytology/histopathology (ZN 
stain) and molecular species identification

 Clinical examination/radiography/ultrasonography 
gives limited information in a small species

 Endoscopic biopsy of coelomic organs – high risk

 Fourth frog found dead on 13 December 2016 
severe pneumonia and systemic mycobacteriosis 
despite appearing normal and under intense 
observation...

 Curator agreed to cull all 9 remaining frogs



Necropsy findings for 9 euthanized frogs

 Systemic granulomatous 
disease of varying severity

 Granulomatous hepatitis (9/9), 
pneumonia (5/9), splenitis
(4/9), pericarditis (3/9), 
nephritis (2/9), steatitis (1/9).

 Acid-fast bacteria (5/9)

 All appeared normal clinically 
and radiographically



Case series summary
 Skin lesions, sudden death, cholecystitis, pneumonia

 Multisystemic granulomatous disease in subclinically infected frogs

 Radiology and physical examination were not useful for antemortem diagnosis

 Amelanotic macrophages containing acid-fast bacteria within melanomacrophage clusters in the liver

 Initial identification of M. tuberculosis complex in November 2016 caused a public health scare at 
the zoo

 Misidentification by commercially available DNA probe; eventual correct species confirmation as M. marinum by 
16S sequencing

 Unusual or unexpected results should always be followed up with the lab!

 Retrieval of formalin-fixed tissues found a previously uninvestigated epizootic several years 
previously

 Black-breasted leaf turtles sharing the exhibit continued to thrive despite being exposed to high 
levels of M. marinum in the environment

 Zoonotic concern for keepers

 Population cull was the most acceptable solution





Key points
 NTM are an important cause of morbidity and mortality in captive amphibians

 M. marinum most common pathogen

 Biofilm and exposure to contaminated water/food

 Standard quarantine protocols are unlikely to prevent pathogen incursion

 Disinfect enclosure and furniture with 200 ppm bleach or 70% alcohol

 Spectrum of disease presentation: subclinical, sudden death, skin lesions, weight loss, 
lethargy, coelomic swelling, cloacal prolapse, increased mortalities in large populations

 Cytology and Ziehl-Neelsen staining recommended – look for acid-fast bacteria

 Systemic granulomatous disease

 Emergence of subclinical disease in stressed and immunosuppressed individuals

 Expect to find a high proportion of subclinically infected “healthy” individuals

 Zoonotic potential of NTM – always wear gloves

 Treatment not recommended

 Population cull may be required

 If full necropsy is not possible for every death, recommend saving a set of formalin-fixed and fresh 
tissues

 Talk to the laboratory about unusual results!
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