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Summary A 15.5 year old male white-faced saki (Pithecia pithecia) was euthanized due to 
severe emaciation and an ultrasonographically suspected hepatic neoplasm. 
Postmortem examination revealed disseminated granulomatous inflammation 
affecting liver, pancreas, kidneys, heart, skin, and various lymph nodes. Mycobac-
teria were isolated from pulmonary lymph node and liver, identified as Mycobac-
terium (M.) xenopi a non-tuberculous mycobacterial species of human relevance 
especially in cases of underlying immunodeficiency. Subsequent characterization 
using ITS-sequencing and MLST-pattern analysis revealed that the isolate was 
identical with a Canadian strain of human origin indicating a high degree of con-
servation across countries and host species. This case represents to our knowledge 
the first report of a clinical M. xenopi infection in a host species not yet reported.

Keywords: Mycobacterium xenopi, non-human primate, ITS-sequencing, MLST-
pattern

Zusammenfassung Ein 15,5 Jahre alter männlicher Weißkopfsaki (Pithecia pithecia) aus einem Zoo 
wurde wegen hochgradiger Abmagerung und des sonografischen Verdachts auf 
eine Leberneoplasie euthanasiert. Bei der Sektion zeigten sich granulomatöse 
Herdveränderungen disseminiert in Leber, Pankreas, Nieren, Herz, Haut und ver-
schiedenen Lymphknoten. Aus einem Lungenlymphknoten und der Leber wurde 
Mycobacterium (M.) xenopi isoliert. Dieser Erreger zählt zu den nichttuberkulösen 
Mykobakterien mit zoonotischer Relevanz, insbesondere bei immundefizienten 
Menschen. Bei der weitergehenden Erregerdifferenzierung mittels ITS-Sequenzie-
rung und MLST-Pattern-Analyse erwies sich der Stamm als identisch mit einem 
humanen kanadischen Isolat. Dieses Ergebnis bestätigt bei dem Erreger einen 
hohen Konservierungsgrad über Ländergrenzen und Wirtspezies hinweg. Bei dem 
beschriebenen Fall handelt es sich unseres Wissens nach um die Erstbeschrei-
bung einer klinisch manifesten M. xenopi-Infektion bei einem Weißkopfsaki.

Schlüsselwörter: Mycobacterium xenopi, nichthumaner Primat, ITS-Sequenzie-
rung, MLST-Typisierung
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Introduction

Generalized mycobacterial disease by non-tuberculous 
mycobacteria (NTM) is rarely reported in non-human 
primates. Especially New World monkeys are considered 
as highly resistant for mycobacterial infections (Mätz-
Rensing and Kaup 2012). Sakis are medium-sized New 
World monkeys living in the Amazon region. There are 
only three reports on NTM infections in sakis. Mycobac-
terium intracellulare was isolated from a white-faced saki 
with multifocal granulomatous lymph adenitis kept in a 
zoo in Florida (Heard et al. 1997). In one of two black 
bearded sakis from a South Korean zoo with multifocal 
subcutaneous nodular lesions M. kansasii-infection was 
detected, whereas mycobacterial speciation failed in the 
other (Murai et al. 2012). Here, we report the dissemi-
nated M. xenopi-infection in a white-faced saki, kept in 
another German zoological garden and about the results 
of ITS-sequencing and MLST-pattern analysis of the iso-
lated M. xenopi strain. This case represents a M. xenopi-
infection in a non-human primate, a host species not yet 
reported.

Case description

Clinical signs and necropsy 
A 15.5-year old male white-faced saki (Pithecia pithecia) 
with suprelorin® (Virbac AG, Switzerland) chip implan-
tation since two years, showed reduced activity with 
retained appetite and had halved his body weight within 
a few month to 1.25 kg. The animal was born in captivity 
in France before moving to Zoo Dortmund (Germany) 
at an age of 4 years. Here the saki was kept in a group 
of white-faced sakis (Fig.  1) temporarily together with 

squirrel monkeys (Saimiri sciureus sciureus) and golden 
agoutis (Dasyprocta aguti) in an in/outdoor enclosure 
from 2004 until its death in 2016. In June 2016, the 
group of white-faced sakis consisted of 5 male (15.5, 4, 
2.5, 1.5, and <1 years of age) and 3 female animals (14, 
9, and 1  years of age). On the left cheek, there was a 
poorly healing skin ulceration of approximately 2.5  cm 
in dia meter. A small lesion at this site had already been 
detected in September  2014, but was not further paid 
attention to because it did not seem to have any clinical 
relevance. 

Ultrasonographically, the liver revealed an irregu-
lar architecture with hyperechoic regions two months 
before euthanasia and a hepatic neoplasm was sus-
pected. A blood sample showed a normochromic nor-
mocytic anaemia and thrombocytopenia as well as 
azotemia (urea nitrogen 58  mg/dl [Reference (median) 
serum values (ISIS/ZIMS): 11 mg/dl], creatinine 1.1 mg/
dl [0.5 mg/dl]) and elevated liver (AST 154 U/l [49 U/l], 
Gamma-GT 724  U/l [29  U/l]) and pancreatic enzymes 
(α-amylase 683 U/l [103 U/l]) (Species 360 ZIMS 2021). 
Due to clinical deterioration the animal was euthanized. 
At necropsy, the cachectic animal revealed multifocal to 
coalescing, up to 2.0  cm in diameter large granulomas 
in myocardium, liver, pancreas, spleen, mesenterium, 
pulmonary, hepatic, intestinal and renal lymph nodes 
(Fig. 2). 

Histologically, lymph nodes and affected parenchyma-
tous organs contained multifocal to coalescing granu-
lomatous to necrotizing inflammation with dystrophic 
mineralisation. Granulomas showed no fibrous demar-
cation. Langhans giant cells were not observed. The left 
cheek had severe ulcerative necrotizing dermatitis with 
focal histiocytic infiltration in the subcutis. Using Ziehl-
Neelsen’s stain few, beaded, elongated acid-fast bacilli 

FIG. 1: Group of White Faced Sakis (Pithecia pithecia) in Zoo Dortmund
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were detectable in all lesions mentioned above (Fig. 3). 
Additionally, the liver revealed moderate bile duct pro-
liferations and multifocal hemosiderin storage detected 
with Perls’ Prussian blue stain within macrophages. Neo-
plastic lesions were not detected. In the lung, a mild 
histiocytic interstitial pneumonia and anthracosis but no 
granulomas were present. The kidneys were affected by 
a moderate mesangial proliferative glomerulonephritis 
and pyelonephritis.

Bacteriological and molecular genetic identification, 
molecular fine typing
For bacteriological culture, approximately 1 g of liver and 
pulmonary lymph node were homogenized, decontami-
nated (1% NALC-NaOH) and subsequently cultivated 
on Stonebrink/PACT and Löwenstein-Jensen/PACT agar 
slants as well as in Kirchner bouillon (all media Artelt-
Enclit GmbH, Germany). The media were incubated at 
37°C and checked weekly for bacterial growth. After four 
weeks grown mycobacteria were differentiated by DNA 
sequencing 16S rRNA, the hsp65 as well rpoB genes (Tel-
enti et al 1993, Kirschner and Böttger 1998, Adékambi 
et al. 2003). The DNA sequences yielded were analysed 
using NCBI BLASTn with a limited search to type mate-
rial (Altschul et al. 1997). Isolates from liver and pulmo-
nary lymph node were both identified as M. xenopi.

For molecular fine typing of both isolates a multi 
locus sequence typing (MLST) analysis and internal 
transcribed spacer (ITS) sequevar identification was per-

formed according to published protocols (Roth et al. 
1998, Alexander et al. 2014). In brief, for MLST DNA 
fragments of the house keeping genes atpD, fusA1, glnA1, 
pheT, secA1, and topA were amplified, purified, and dou-
ble stranded nucleotide sequenced (Eurofins Genomics, 
Germany). To identify the ITS sequevar the 16S-23S ITS 
region was amplified by PCR, purified and nucleotide 
sequenced. The SNP analysis and comparison of the 
sequences were done using Geneious Prime®  2019.2.3 
(Biomatters Ltd., New Zealand), the construction of 
the minimum spanning tree using BioNumerics®  7.6.2 
(Applied Maths, Belgium). In both isolates allele Mxe-C 
was present, but during the doubled stranded sequenc-
ing it became obvious that the isolates possess two rRNA 
operons, differing in one thymine deletion at position 
1,449 of the 16S rRNA gene. Nevertheless, in both rRNA 
operons allele Mxe-C were present. As both isolates pos-
sessed the identical thymine deletion only one isolate 
(from the lymph node) was analysed by MLST. The Ger-
man saki isolate was assigned to MLST type ST7, a type 
already described by Alexander and colleagues in human 
M. xenopi isolates from Canada (Alexander et al. 2014). 

Discussion

M.  xenopi is a non-tuberculous, slowly growing, ther-
mophilic, Runyon group  II mycobacterial species that 
was first isolated from skin lesions of Xenopus laevis, an 
African frog (Schwabacher 1959). Although M.  xenopi 
has been isolated from a broad spectrum of animal spe-
cies (pig, cattle, bird, cat, ferret), it seems to be of minor 
relevance in veterinary medicine. This is in accordance 
with the experience of the German National Reference 
Centre for Mycobacteria in Borstel (personal informa-
tion) and the German National Reference Laboratory for 
Bovine Tuberculosis, Friedrich-Loeffler-Institute, where 
none, respectively only three M.  xenopi isolates from 
animals were identified over the last years. Experimental 
infections in guinea pigs, rabbits, frogs and chickens 
resulted in granulomas at the inoculation site and even 
after several months, no dissemination was observed 
(Schwabacher 1959). This is contrast to reports of natural 
infections in cats (MacWilliams et al. 1998, Meeks et al. 
2008), a ferret (Davendralingam et al. 2017) and a conure 
bird (St-Jean et al. 2018) with disseminated granuloma-
tous lesions.

In humans M.  xenopi was the third most frequently 
isolated species in a worldwide surveillance of human 
NTM lung disease in 2008 (Hoefsloot et al. 2013). Infec-
tions are mainly opportunistic in immunocompromised 
or concurrently infected patients resulting in lung dis-
ease, lymphadenitis, skin and soft tissue infection and 
disseminated forms (Becovier and Vincent 2001). 

In the case described here, a disseminated M. xenopi 
infection was found, however, the portal of entry could 
not be determined. The infection and clinical course may 
have been triggered by the deslorelin implant. Due to the 
hormonal suppression the saki was probably exposed to 
increased subtle stress within the animal group espe-
cially with two adult sons without deslorelin chip in the 
same enclosure. M.  xenopi infections are often related 
to water-supply systems (Becovier and Vincent 2001) 
or peat (Trckova et al. 2006). Both sources of infection 
are conceivable in the enclosure of the sakis; especially 
as different kinds of bedding and enrichment materials 

FIG. 2: Abdominal situs of the Saki with multiple 
mesenterial granulomas (arrows) 

(P
ho

to
: M

ar
ti

n 
Pe

te
rs

, C
VU

A
 W

es
tf

al
en

).

FIG. 3: Pulmonary lymph node with easily overlooked, 
very delicate, beaded, elongated acid-fast bacilli. Ziehl-
Neelsen stain (arrows)(bar = 20 μm). 
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were used in the indoor enclosures. Furthermore, it has 
to be considered that the relatively high temperature of 
the indoor enclosure (up to 22°C) might have favoured 
the growth of the thermophilic bacterium (Torkko et al. 
2000). Other animals in the same enclosure could poten-
tially be suspected as possible sources of infection, but 
mycobacterial infection was not found in any of these 
animals. 

Beside airborne and alimentary infection, percutane-
ous infection resulting in the remaining dermal ulcera-
tive mycobacteriosis would be another possible route of 
infection. Absence of granulomatous foci in the lungs 
does not rule out air-born infection in the sense of an 
incomplete primary complex. Pulmonary and intesti-
nal lymph nodes and parenchymatous organs showed 
chronic granulomatous inflammations without fibrous 
demarcation which is typical for tuberculosis in non-
human primates and similar to observations in the 
M.  intracellulare infected white-faced saki (Heard et 
al. 1997). This finding together with the lack of epith-
eloid macrophages and giant cells was also reported in 
atypical mycobacteriosis of black-bearded sakis (Murai 
et al. 2012) and was interpreted as an inappropriate 
immune response favouring disseminated mycobacte-
rial infection. The low numbers of acid-fast bacilli are 
characteristic for a paucibacillary mycobacteriosis. The 
thin, beaded, elongated acid-fast bacilli seem to be 
typical for M. xenopi (MacWilliams et al. 1998). Genetic 
fine typing of M. xenopi isolates of the white-faced saki 
revealed a MLST-type and sequevar combination already 
known from a human isolate from Canada (Alexander 
et al. 2014). Preliminary reports indicate an associa-
tion between M.  xenopi genotype and clinical pheno-
type (Hirama et al. 2018). Unfortunately, further clinical 
and epidemiological information on the patient from 
Canada was not available. Currently, 15  MLST types 
are described (Alexander et al. 2014) and together with 
8 Mxe alleles overall 25 different M. xenopi profiles can be 
distinguished (Fig. 4). Detection of the same MLST pat-
tern and ITS-sequevar in a M. xenopi strain isolated from 
a non-human primate in Germany and a human patient 
from Canada indicate a high degree of conservation in 
the bacterial species. Therefore, a human pathogenic 
potential of those strains cannot be excluded and should 
be kept in mind.
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