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Abstract Mycobacterium ulcerans is an emerging patho-
gen causing the skin infection Buruli ulcer (BU), one of
the most neglected tropical diseases. BU is characterized
by the formation of chronic, necrotizing skin lesions.
This pathology is mainly attributed to the cytotoxic
and immunosuppressive activities of the unique
polyketide-derived macrolide toxin mycolactone secreted
by the pathogen. The disease has been reported from
more than 30 countries worldwide, with an extremely
focal geographic distribution within endemic countries
and highest incidences in remote communities of West/
Central Africa and also certain coastal areas of
Australia. While M. ulcerans has long been considered
an environmental bacterium, recent findings from south-
eastern Australia, identifying possums as probable reser-
voirs of infection, indicate its zoonotic potential. The
exact route of M. ulcerans transmission is unclear, al-
though it is commonly assumed that infection takes
place either through physical contact with environmental
reservoirs via skin abrasions or through insect bites,
while direct human-to-human transmission seems to be
rare.
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Introduction

The necrotizing skin disease Buruli ulcer (BU) is character-
ized by a strikingly focal geographic distribution of cases in
the endemic countries [1], yet mechanisms of transmission
remain elusive. BU foci in Africa and Australia (Fig. 1a, b,
respectively) are typically associated with stagnant and slow-
flowing water bodies [2], prompting the assumption that in-
fection with the etiological agent Mycobacterium ulcerans
occurs through contact with a reservoir in wetland ecosys-
tems. However, definite evidence for the presence of viable
M. ulcerans in potential environmental reservoirs is lacking.
Until today, environmental studies are mainly based on the
detection of the two main features differentiating the genome
of M. ulcerans from related species, namely the insertion se-
quence (IS) elements 2404 and 2606 as well as sequences in
the virulence plasmid (pMUM) [3, 4••] encoding enzymes
required for the elaboration of the cytotoxic and immunosup-
pressive toxin mycolactone. In recent years, mycolactone-
producing mycobacteria (MPM) have been isolated from var-
ious hosts [5–8]. Comparative genome analysis suggests that
all MPM have diverged from a common Mycobacterium
marinum-like ancestor [9] and variants should be classified
as ecovars of the species M. ulcerans. M. marinum is a ubiq-
uitous waterborne organism that infects fish and amphibians.
Infection in humans occurs only occasionally by inoculation
of the bacteria through pre-existing wounds, leading to the
development of granulomatous, self-limiting skin lesions.
The ability to produce mycolactone by acquisition of the plas-
mid pMUM can thus be considered as a first step in the emer-
gence of an infectious agent with increased virulence. In the
course of its evolution,M. ulcerans diverged into at least two
principal lineages [10, 11•]. Strains of the so called ancestral
lineage typically cause disease in ectotherms, but also sporad-
ically infect humans [12–14]. In contrast, strains of the classi-
cal lineage are typically isolated from human BU patients, but
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can also infect other endotherms [10, 11•, 15•]. In south-
eastern Australia infections by M. ulcerans strains belonging
to the classical lineage were reported in a wide range of ter-
restrial mammals [16–20], in particular in possums, small ar-
boreal marsupials [15•, 21]. In areas known to be endemic for
human BU, significant numbers of possums were shown to
have clinical M. ulcerans infections, implying their potential
as reservoirs for the pathogen [4••, 15•]. Until today, a similar
animal reservoir has not been identified in African BU endem-
ic areas [22], but it has been suggested that BU patients with
large chronic ulcerative lesions may play an active role in the
dissemination of M. ulcerans in the environment [23, 24].
However, it remains to be established in which way the path-
ogen is transmitted from potential environmental sources to
humans.

Host Range of M. ulcerans

M. ulcerans was first isolated in 1948 by MacCallum and his
colleagues from the skin lesions of BU patients living in an
area around Bairnsdale, Australia [25]. In the following de-
cades, M. ulcerans infections have exclusively been

associated with BU in humans and disease foci were reported
in particular in a number of West and Central African coun-
tries [26–31] with highest incidence rates in Benin [32], Ivory
Coast [33], Ghana [34], and Cameroon [35].

Early skin manifestations of BU disease appear as relative-
ly unspecific painless nodules, papules, or plaques and are
often neglected by the patients. Advanced stages of the dis-
ease are characterized by necrosis of subcutaneous adipose
tissue and breakdown of the skin, resulting in the formation
of slowly progressing, ulcerative skin lesions (Fig. 1c) [1].
The skin is a favorable site of infection, sinceM. ulcerans only
grows at temperatures below 37 °C [36]. While it had long
been supposed that the characteristic necrotic pathology is
caused by the activity of a toxic substance [37], it was only
in 1999 that the polyketide-derived macrolide toxin
mycolactone was identified as the major virulence factor of
M. ulcerans [38]. The production of mycolactone is peculiar
in many respects. For one, mycolactones are the first discov-
ered macrolides in a mycobacterial species and also the first
identified polyketide virulence determinants of a bacterial hu-
man pathogen [39]. Hence, it has been assumed that the prop-
erty of producing mycolactone was unique to M. ulcerans,
coining the evolution of a new mycobacterial species. It was

Fig. 1 Photographs of BU foci in
Africa and south-eastern Austra-
lia. Landscapes typical for BU
endemic regions in Cameroon (a)
and Victoria, Australia (b). BU
lesions on the arm of a patient (c)
and on the head of an infected
possum (d). Common ringtail
possum (e) and ringtail possum
feces (f)
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thus all the more surprising when in recent years other MPM
have been isolated from different hosts and given various spe-
cies designations [5–8]. In 2004, MPM have been isolated in a
mycobacteriosis outbreak in a laboratory frog colony of
Xenopus tropicalis [5]. At that time, the species name
Mycobacterium liflandii was proposed for these bacteria, al-
though the taxonomic position had not been fully elucidated
[40]. Other MPM have been detected in diseased striped bass
f r om Che s a p e a k e Bay (USA) and de s i gn a t e d
M. pseudoshottsii [6]. Furthermore, an unusual clade of
mycolactone-producing M. marinum has been reported from
fish in the Red and Mediterranean Seas [7]. Comparative ge-
nomic studies of M. ulcerans isolates from human lesions,
MPM from other sources and M. marinum isolates suggested
that all MPM have evolved from a commonM. marinum-like
progenitor and represent a single species, which should be
designated M. ulcerans [9, 11•, 41]. Genomic analyses by
Doig and colleagues [11•] further indicated a divergence of
M. ulcerans into sub-lineages, occupying different ecological
niches. Ancestral M. ulcerans strains were divided into line-
age 1 including human isolates from South America as well as
fish and frog isolates and lineage 2 consisting of clinical
M. ulcerans isolates from Japan. Classical M. ulcerans
strains—defined as lineage 3—were represented by human
isolates fromAfrica as well as human and animal isolates from
Australia. In areas of south-eastern Australia known to be
endemic for human BU,M. ulcerans infections have not only
been described in different wild possum species [42], but also
in other native wildlife and domestic mammals, including ko-
alas [43], horses [17], dogs [18], alpacas [20], and a cat [16].
However, possums appear to be particularly susceptible to
M. ulcerans. Common ringtail possums were shown to devel-
op single or multiple ulcerative cutaneous lesions and can
become systemically and potentially fatally infected with
M. ulcerans [42].

Environmental and Animal Reservoirs of M. ulcerans

Environmental Reservoirs

While outbreaks of BU have consistently been connected with
stagnant bodies of water or river basins, definite environmen-
tal reservoirs could not be established so far. Due to the ex-
tremely slow growth rate of M. ulcerans, cultivation from
potential environmental sources contaminated with faster-
growing mycobacterial species resistant to decontamination
procedures seems to be virtually impossible. Until today, only
one report described the isolation of an M. ulcerans strain
from an environmental source, an aquatic insect collected in
Benin [44], after several passages in mouse footpads. Indirect
evidence for the presence of M. ulcerans in the environment
has been provided by the detection of M. ulcerans-specific

DNA sequences in many biotic components of aquatic eco-
systems, such as plants, snails, fish, or insects. However, the
existence ofM. ulcerans DNA in the environment is not nec-
essarily indicative of a potential reservoir, but may rather point
towards the ubiquitous presence of M. ulcerans in these eco-
systems [2] and thus results are difficult to interpret. An indi-
cation for an aquatic niche environment was given in a recent
longitudinal study reporting the persistence of M. ulcerans
DNA in a village water site located in the BU endemic
Mapé basin of Cameroon. Underwater detritus at a localized
position of the water hole was repeatedly tested positive for
M. ulcerans-specific DNA sequences over a period of more
than 2 years after all local BU cases had been treated [45],
suggesting that M. ulcerans has adapted to survive in a re-
stricted niche environment. Several studies have indicated that
M. ulcerans is unlikely to be free-living and may persist in the
environment as a commensal, associated with another protec-
tive organism such as amoeboid protozoa or inhabitants of
biofilms in stagnant water bodies [46–48]. Characteristic ge-
nome signatures of M. ulcerans including (1) the acquisition
of foreign DNA such as pMUM, IS2404, and IS2606, (2) the
proliferation of IS elements, (3) extensive gene loss through
pseudogene formation, and (4) genome downsizing, provide
further evidence that M. ulcerans is adapting to a new, prob-
ably relatively protected and stable ecological niche [11•, 49,
50]. Deletion or inactivation of genes required for pigment
biosynthesis and anaerobiosis led to the assumption that
M. ulcerans is adapting to a dark and aerobic environment.
Evolving M. ulcerans sub-lineages seem to adapt to related
but distinct niche environments and should be considered
ecovars of the same species. Additional loss of gene function
among the highly clonal sub-lineage 3 strains isolated from
human BU cases in Africa and Australia indicates that this
lineage has passed through another evolutionary bottleneck
and has further adapted to live in a highly restricted niche
environment [11•].

Animal Reservoirs

In south-eastern Australia, a series of focal BU outbreaks in
the last two decades has puzzled researchers, struggling to
identify reservoirs and vectors of the pathogen. A major
breakthrough was achieved in 2010, when systematic testing
of environmental specimens from BU endemic areas revealed
the highest concentrations ofM. ulceransDNA in the feces of
possums (Fig. 1f), small tree-dwelling marsupials (Fig. 1e).
Examination of these animals showed that a large proportion
of them had developed M. ulcerans skin lesions (Fig. 1d),
indicating their potential as infectious reservoir host. In sup-
port of these findings, genome comparison of M. ulcerans
isolates from a ringtail possum and a human patient from the
same BU endemic region revealed an extremely close genetic
relationship with only two identified single nucleotide
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polymorphisms [15•]. Moreover, a strong positive correlation
was observed between the prevalence ofM. ulcerans DNA in
possum feces and BU endemicity of an area [4••].

In African BU endemic regions, surveys of small animals
have so far not led to the identification of any species with BU
lesions or viable bacteria in their feces [22, 51]. However,
there is some evidence that BU patients with ulcerative lesions
may play an active role in the dissemination and distribution
of the pathogen in the environment. For one, it has recently
been reported that genetic variants of M. ulcerans occur in
focal transmission clusters within individual BU endemic
areas and are not readily spread between geographically sep-
arated endemic areas [23, 52]. Also, in a BU focus of Benin, it
has recently been observed that a positive correlation exists
between the BU endemicity of a region and the presence of
M. ulcerans DNA in the environment [24].

Potential Vectors

Memory of patients regarding the beginning of a BU lesion or
the potential causative event of infection is compromised by
the highly variable and extremely long incubation period of
several months [53]. While it is generally assumed that
M. ulcerans is acquired through environmental contacts, dif-
ferent routes of infection with the pathogen have been contro-
versially discussed. These include inoculation of the bacteria
via skin trauma or pre-existing wounds from an environmental
reservoir, or via bites from insects, such as water bugs or
mosquitoes. Considerable efforts have been undertaken in
the past decades to identify vectors of M. ulcerans and to
unravel the exact mode of transmission by various
approaches.

One of these strategies was to examine the distribution
pattern of BU lesions on the body, since in patients with single
lesions, the site of lesion is assumed to be the site of inocula-
tion. Many different reports from Africa and a study in
Australia have consistently shown that the majority of lesions
is located on the lower limbs [21, 32, 34, 54–56] and a focus
on joints has been described in adults [21, 55, 56].
Furthermore, the anatomical site of the lesions was shown to
vary with both age and gender. While children tend to have a
more dispersed distribution of lesions over the body, lesions
seem to become increasingly confined to the limbs in adults
[32, 45, 54, 57], presumably because children cover their
trunks less often compared to adults. The gender difference
varies between studies and is thought to be influenced by
behavioral factors and environmental contact patterns. Thus,
in a highly BU endemic community of Rwandan refugees
living in central Uganda in the 1960s, where males carried
out agricultural activities using hoes or other tools, whereas
females generally worked with only their hands, lesions in

males were restricted to the lower legs, while in females the
arms were also often affected [57]. Along these lines, lesions
on the trunk were found to be less common in females, which
are more likely to cover their upper body with clothing [56].
While results of all of these studies showed that lesions occur
mostly at locations where the skin is not commonly protected
with clothing, a definite mode of transmission could not be
established, since the distribution of BU lesions did neither
match reported mosquito biting patterns, nor seemed to corre-
late with the published distribution of small skin injuries in
children [56, 58].

Another strategy to give some indication of possible vec-
tors and ways of transmission was to analyze a potential asso-
ciation between age and exposure to M. ulcerans. A recent
survey for BU in Cameroon has revealed a bimodal age dis-
tribution with increased incidence in young persons and the
elderly, while very young children were underrepresented
among cases when taking the overall population age distribu-
tion into account [56]. In that vein, findings from our
seroepidemiological studies, where we determined antibody
titers against the 18-kDa-small heat shock protein of
M. ulcerans in healthy individuals living in BU endemic areas
of Cameroon and Ghana, suggested that children below the
age of 5 years are considerably less exposed to the pathogen
than older children. This indicates that exposure to
M. ulcerans and thus infection with the pathogen might occur
outside of the relatively small movement range of very young
children and increases in older children with more direct en-
vironmental contacts further away from their homes [59].
Hence, in African, BU endemic settings infection through
vectors commonly present in the limited movement radius of
young children appears unlikely.

Another intriguing aspect of these seroepidemiological in-
vestigations in BU endemic regions is that exposure to
M. ulcerans in many cases seems to lead to non-
symptomatic infections [59, 60]. Factors accounting for this
diverse outcome of infection may be manifold, as observed
also for other mycobacterial diseases such as tuberculosis and
leprosy. Strong evidence that the inoculation dose of
M. ulcerans may be critical for the outcome of an infection
was recently provided by experimental infection of pigs.
While high doses of M. ulcerans led to the development of
BU lesions, infiltrating immune cells appeared to cope well
with lower doses of bacteria, which were completely eliminat-
ed after a couple of weeks [61]. M. ulcerans clusters of a
critical size may establish a chronic infection focus by the
development of a protective cloud of mycolactone around
them, killing infiltrating cells before they can clear the bacte-
ria. In this context, it remains to be investigated whether the
location of M. ulcerans clusters, which are typically found
deep in the subcutaneous fat tissue of BU lesions, may be
related to the mode of transmission or merely reflect the pre-
ferred habitat of the bacteria. In a study by Williamson et al.,

38 Curr Clin Micro Rpt (2015) 2:35–43



alternative hypotheses regarding M. ulcerans transmission
were tested in a guinea pig infection model.While intradermal
injection ofM. ulcerans consistently led to the development of
an ulcer, topical application of the bacteria to an open abrasion
failed to establish an infection.M. ulcerans could no longer be
isolated from abrasions 48 h post inoculation, whereas cul-
tures could be obtained from injection sites over extended
periods of time. These data indicate that BU lesions are un-
likely to be caused by entry of the bacteria via abrasions and
rather speak for a requirement of biting invertebrates, puncture
wounds, or lacerations [62].

Following the report of the successful isolation of
M. ulcerans from an aquatic insect collected in Benin [44],
several studies have investigated the potential of invertebrate
species to serve as vectors of M. ulcerans in Africa, but this
concept has remained controversial. Results from laboratory
experiments have shown that M. ulcerans can survive in the
salivary glands of different invertebrate species and moreover,
experimental transmission from an invertebrate vector to a
mouse has been demonstrated [63]. However, direct infection
through biting water bugs may only occur accidently, mainly
because the invertebrate species that have been associated
with the transmission of M. ulcerans are not hematophagous
[2]. Hence, it was suggested that aquatic insects may rather
play a role in maintainingM. ulceranswithin food webs in the
environment [64, 65].

In south-eastern Australia, different studies have indicated
an involvement of mosquitoes in the transmission of the dis-
ease. For one, a case-control study carried out during a BU
outbreak in 2007 reported increased odds of having BU for
those who were bitten by mosquitoes on the lower extremities
[66]. Furthermore,M. ulcerans-specific DNA sequences were
detected in the same year in mosquitoes captured from the BU
endemic area [67] and more recently an association between
the incidence of human BU in several communities and the
proportion ofM. ulcerans-positive mosquitoes captured in the
same locations was found [68]. However, it is still not known,
whether mosquitoes may act as biological vectors of
M. ulcerans or only passively carry the bacteria on their sur-
face. Laboratory experiments showing that M. ulcerans is
readily ingested by mosquito larvae, but not maintained
throughout the mosquito developmental cycle into pupal or
adult stages [69], speak against their role as biological vectors.

Taken together, no single vector or transmission pathway
could be identified so far, which encourages the hypothesis
that multiple modes of transmission may exist [54, 56].

Proposed Transmission Model(s) and Potential Zoonotic
Risk

A major obstacle in quest of the mode of M. ulcerans trans-
mission has long been the attempt to find a single, plain cause

of infection. In recent years, a process of rethinking has begun,
acknowledging that infection with M. ulcerans may occur
through diverse modes, involving various environmental
and/or animal reservoirs and possibly even different vectors.
While M. ulcerans ecovars of the ancestral lineage are
adapting to an ecological niche environment, from which they
appear to only accidently infect humans, strains of the highly
clonal classical lineage are responsible for human BU disease
foci in Australia and Africa, representing the majority of the
global BU burden. Comparative studies of M. ulcerans ge-
nomes have furthermore revealed that a strikingly close rela-
tionship exists between genotype and geographical origin of
isolates, implying that M. ulcerans transmission is highly fo-
cal and therefore reservoir(s) and/or vector(s) seem to be geo-
graphically fixed [11•, 23, 52]. This is consistent with the
finding that BU endemic and non-endemic villages are often
separated by only a few kilometers [60].

In south-eastern Australia, the significant BU burden of
possums in geographically restricted regions suggests a zoo-
notic infection reservoir. In the BU endemic community Point
Lonsdale clinical examination of possums between 2008 and
2009 revealed that 38 % of ringtail possums and 24 % of
brushtail possums had laboratory-confirmed BU lesions and/
or M. ulcerans PCR-positive feces. However, the way in
which M. ulcerans might be transmitted from possums to
humans is not clear. Striking similarities exist between the
epidemiology of BU and zoonotic plague in Madagascar
caused by Yersinia pestis. This pathogen is likewise charac-
terized by limited genetic diversity and genotypes equally
appear to be maintained in geographically separated subpop-
ulations. Similar to the transmission model established for
Y. pestis, where the geographic-genetic pattern is explained
by the natural cycle between its primary host, the black rat,
and its flea vectors [70], a concept involving possums as pos-
sible reservoir and mosquitoes as potential vectors has been
proposed forM. ulcerans in south-east Australian BU endem-
ic settings. In this model, possums may take up M. ulcerans
from environmental sources or may be infected by an insect
vector and pass the bacteria back into the environment.
Transmission to humans is thought to occur via biting mos-
quitoes, which had either direct contact to the lesion of a
diseased possum or rested on vegetation contaminated by a
possum lesion. Although the viability of the pathogen in pos-
sum feces remains to be demonstrated, it may alternatively be
envisaged that mosquitoes take up the bacteria through con-
tact with environments contaminated by possum feces con-
taining M. ulcerans. Along these lines, an intriguing parallel
was drawn between the epidemiology of BU and leptospirosis
by Fyfe et al. Leptospirosis, a zoonosis of worldwide distribu-
tion, is transmitted through contact with environments con-
taminated by the urine of infected animals [15•].

While until today, no animal reservoir for M. ulcerans has
been identified in Africa, it has been hypothesized that
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humans with active BU lesions play an important role in the
spread of the bacteria into the environment. This is supported
by the decline of BU incidence recorded in some areas with
improved BU surveillance and early treatment. Contrary to the
BU situation in Australia, where patients usually seek treat-
ment at early stages of the disease, limited access to health
facilities, economic limitations, traditional beliefs, and stigma-
tization often lead to a drastic treatment delay in Africa, with
patients suffering for many months or years from large active
ulcerative lesions, shedding the bacteria into the environment.
Since recent studies indicated thatM. ulceransmay persist for
many months in under water decaying organic matter [45],
infection may occur at contaminated water contact sites. In
other studies, a conceptual model has been proposed, where
M. ulcerans, present in the aquatic environment such as in
detritus, mud, or plant biofilms, is concentrated by water-
filtering organisms and passed on to predatory aquatic verte-
brates and invertebrates feeding on this prey [2, 71].
Transmission may take place through puncture wounds or
lacerations after contact with concentrated M. ulcerans
sources or occasionally via invertebrate vectors.

Risk Factors and Control

Until now, the diversity of possibleM. ulcerans reservoirs and
potential mechanisms of infection has made it impossible to
unambiguously identify preventable risks of infection.
However, better understanding of transmission may in future
allow improving control of the disease by modifying behav-
ioral patterns and environmental features. Since no BU vac-
cine is presently available, early case detection and rapid ini-
tiation of the recommended 8-week course of daily
rifampicin-streptomycin antibiotic treatment are key elements
to prevent long-term disability as well as to interrupt the shed-
ding of bacteria from active lesions into the environment.
Results from several risk factor studies for BU conducted in
Australia and different African countries were systematically
compared and evaluated in a review article published in 2010.
The most common risk factors identified on both continents
were poor wound care, failure to wear protective clothing, and
living or working near water bodies [72]. An additional risk
factor determined in a case-control study conducted in south-
eastern Australia was exposure to mosquitoes. The authors
reported that more cases than control individuals recalled that
they were bitten by mosquitoes on the lower extremities and
that the use of insect repellent conferred reduced risk of get-
ting BU [66]. Even where risk factors have been identified,
practical implementation of recommendations for behavioral
changes may be challenging. Accordingly, the most desired
solution to control BU in focal, highly BU endemic areas
would be the targeted vaccination of populations at risk.
However, despite efforts to develop novel vaccine strategies

[73], no vaccine candidate is currently in advanced
development.

Vaccine development is hampered by incomplete knowl-
edge of the nature of immune defense mechanisms needed to
control the infection. In this regard, it is debated, whether
M. ulcerans should be classified as extracellular or intracellu-
lar pathogen, which hasmajor implications for vaccine design.
While protective adaptive immunity against extracellular
pathogens relies primarily on the generation of functional an-
tibodies, immune protection against intracellular pathogens is
typically achieved by cell-mediated immunity. While
M. ulcerans has long been considered as being primarily ex-
tracellular, it has been shown recently that it also owns essen-
tial hallmarks of an intracellular organism leading to infection-
associated development of cell-mediated immune responses
and delayed-type hypersensitivity [74]. There is evidence for
the existence of a transient intracellular stage of M. ulcerans
during the establishment of an infection [74–76]. In more
advanced stages, mycolactone is thought tomediate the killing
of host cells and infiltrating leukocytes. Subsequent extracel-
lular multiplication of the bacteria, producing a protective
cloud of mycolactone, leads to the characteristic histopathol-
ogy of clumps of extracellular bacteria surrounded by necrosis
of the deep dermal and adipose tissue associated with limited
inflammatory response [77]. Future research should be
targeted at unraveling protective immune defense mechanisms
against M. ulcerans and the development of improved vacci-
nation strategies, including mycolactone-targeting vaccines,
attenuated live vaccines or subunit protein vaccines.

In south-eastern Australia, new M. ulcerans infection foci
are frequently emerging in close proximity to established
hotspots. In the emergent BU outbreak area located in the
Mornington Peninsula, it has been investigated whether sys-
tematic testing of ground collected possum feces for the pres-
ence ofM. ulcerans DNA can be used as a tool to predict the
geographic shift of endemic areas. The striking correlation
between M. ulcerans-positive possum feces in areas, where
human BU has been reported, combined with the relative ab-
sence of M. ulcerans DNA in possum feces adjacent to these
areas indicates that possums may be useful sentinels to mon-
itor the emergence, and spread of human BU in south-eastern
Australia for public health planning [4••]. This approach has
been described for the surveillance of other zoonotic diseases
such as West Nile virus or Lyme disease, assessed by diag-
nostic testing of wild birds, which are known to maintain and
transmit many zoonotic pathogens [78]. However, the tempo-
ral relationship between the presence of M. ulcerans DNA in
possums and human BU outbreaks in the same area is yet to be
established. A study by Carson et al. has suggested that the
relative population density of the two mainly affected possum
species, ringtail, and brushtail possums may influence ende-
micity and emergence of human BU [4••]. A survey of the
possum population dynamics in endemic and non-endemic
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areas is needed to support the hypothesis regarding the neces-
sity for a coexistence of both species in the outbreak area. It
remains to be established if and how information on the pos-
sum populations can be used to support the control of BU.

Conclusion

In spite of considerable research efforts in the past decades, no
conclusive explanation for infection with the emerging path-
ogenM. ulcerans could be defined, leading to the assumption
that multiple modes of transmission may exist. Due to the lack
of effective prevention strategies, the present approach to con-
trol BU relies on active case search in regions suspected to be
endemic and subsequent antibiotic treatment. Both in Africa
and in Australia BU is characterized by highly focal transmis-
sion clusters. In south-eastern Australia, the occurrence of BU
in localized regions has been associated with the infection of
possums and consequentlyM. ulcerans is considered a poten-
tial zoonotic pathogen in this region. Future research should
be directed at the identification of animal reservoirs for
M. ulcerans in African settings and at the verification of the
proposed modes of transmission.
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