
2042	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No. 12, December 2017

DISPATCHES
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To identify potential reservoirs/vectors of Mycobacterium 
ulcerans in northern Queensland, Australia, we analyzed 
environmental samples collected from the Daintree River 
catchment area, to which Buruli ulcer is endemic, and ad-
jacent coastal lowlands by species-specific PCR. We de-
tected M. ulcerans DNA in soil, mosquitoes, and excreta of 
bandicoots, which are small terrestrial marsupials.

Mycobacterium ulcerans infections, which cause the 
chronic, necrotizing skin disease Buruli ulcer (BU), 

occur mainly in focalized areas in West Africa but have 
also been reported in Australia, Asia, and the Americas (1). 
Much of the pathology of this debilitating disease is caused 
by mycolactone, a macrolide toxin (2) unique for members 
of the species M. ulcerans, which are also referred to as 
mycolactone-producing mycobacteria (3).

Although the definite route of infection with M. ulcer-
ans remains obscure, in Victoria, Australia, small arboreal 
marsupials (possums) have been implicated as reservoirs 
of the pathogen, and mosquitoes have been implicated as 
vectors of the pathogen (4,5). In a second BU-endemic area 
of Australia, in Far North Queensland (6), a similar animal 
reservoir has not been identified. In this region, outbreaks 
of BU occur in waves, separated by several years, and 
are believed to be associated with environmental changes 
caused by heavy rainfall.

The major region in Far North Queensland to which 
BU is endemic is a rim of valleys and lowlands surrounding 
the Dagmar Range and extending from Daintree and Forest 
Creek in the northern region to Mossman in the southern 
region (6). In this area, a BU outbreak with 64 reported 
cases occurred in 2011 after the exceptionally long and wet 

rainy season during 2010–2011, which led to flooding of 
the Daintree River basin (7). An additional 23 cases were 
identified in 2012, but numbers subsequently reported have 
been sporadic.

Although proximity to stagnant water bodies and hy-
dromorphologic alterations are well-established risk fac-
tors for emergence of M. ulcerans infection foci (8), defi-
nite ecologic factors leading to focal emergence of BU in 
humans have not been determined. The aim of this study 
was to identify potential reservoirs and vectors of M. ul-
cerans in the BU-endemic area of Far North Queensland 
by analyzing environmental samples for the presence of 
species-specific DNA sequences.

The Study
We collected 102 environmental samples (55 from soil/
mud/vegetation, 35 from insects or small insect pools, and 
12 from animal excreta) in September 2013 from different 
locations within the Daintree River basin, in which BU cas-
es were reported during the outbreak in 2011. Global posi-
tioning system coordinates were recorded for all sampling 
locations (Figure 1). Specimens were collected in sterile 
plastic containers and shipped to the Victorian Infectious 
Disease Reference Laboratory (Melbourne, Victoria, Aus-
tralia) for PCR analysis.

We extracted DNA by using the FastPrep Instrument 
(MP Biomedicals, Solon, OH, USA) as described (4). 
We used the FastDNA Kit (MP Biomedicals) for insect 
samples and the FastDNA Spin Kit (MP Biomedicals) for 
soil, mud, vegetation, and feces samples. We analyzed 
DNA extracts by using semiquantitative real-time PCRs 
optimized for detection of M. ulcerans in environmental 
samples (9). We first screened all extracted DNA samples 
for M. ulcerans insertion sequence element IS2404. Sub-
sequently, we analyzed IS2404-positive samples in a sec-
ond real-time PCR to detect 2 additional regions in the 
genome of M. ulcerans: IS2606 and a sequence encoding 
the ketoreductase B domain of the mycolactone polyketide 
synthase genes.

Of the 102 samples, 5 (1 soil specimen, 2 bandicoot 
[Isoodon macrourus] feces samples, 1 sample of an indi-
vidual mosquito, and 1 pool of 2 mosquitoes) were posi-
tive for IS2404. Although 3 of the 5 specimens did not 
contain sufficient amounts of DNA to identify IS2606 and 
the ketoreductase B domain of the mycolactone polyketide  
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synthase genes, as indicated by the high cycle threshold 
(Ct) values for multicopy IS2404 (Table), these markers 
were detectable in the other 2 samples (bandicoot feces and 
the pool of 2 mosquitoes) (Figure 1). The IS2404–positive 
soil sample and the 2 bandicoot feces specimens were col-
lected at the same location (Figure 1), close to a small pond 
(Figure 2, panel A), and 2 positive mosquito samples were 
collected at Wonga Beach (Figure 1).

As reported (9), analysis of difference in real-time 
PCR cycle thresholds between IS2606 and IS2404 (ΔCt 
[IS2606 – IS2404]) enables differentiation between strains 
of M. ulcerans known to cause BU in humans and other 
mycolactone-producing mycobacteria strains that contain 
IS2404 but have fewer copy numbers of IS2606 and are 
not known to cause disease in endotherms. Thus, DNA in 
bandicoot feces could be attributed to the M. ulcerans gen-
otype known to cause BU (Table). Conversely, the mos-
quito pool contained DNA of a closely related M. ulcerans 
subspecies that had a low copy number for IS2606 (Table), 
which is usually not associated with disease in endotherms.

The location at which the bandicoot specimen contain-
ing M. ulcerans DNA was collected was situated in a na-
ture refuge. In October 2013, we performed a follow-up  
environmental study that focused on environmental samples, 
predominantly animal excreta, collected in this refuge. Of 
18 soil/mud/vegetation specimens, 12 insects/insect pools, 
and 74 animal excreta samples collected, only 1 sample, a 
bandicoot feces specimen found at almost the same location 
as the M. ulcerans–positive bandicoot feces specimens col-
lected during the first sampling (Figure 1), was also positive 
for all M. ulcerans DNA markers tested (Table).

Conclusions
Motivated by increased evidence for the role of M. 

ulcerans–infected possums in the ecology of human BU 
in southeastern Australia (4,5), we searched for a similar 
animal reservoir of M. ulcerans in a BU-endemic area of 
northern Queensland. Detection of M. ulcerans DNA in 
bandicoot feces at 2 sampling time points separated by 4 
weeks suggests that small mammals might be a potential 

Figure 1. Sample collection 
for detection of Mycobacterium 
ulcerans DNA in Buruli 
ulcer–endemic area, northern 
Queensland, Australia. 
Environmental samples were 
collected in the Daintree River 
basin during September (yellow) 
and October (green) 2013. 
Red indicates locations where 
Bandicoot feces and mosquito 
pool samples with positive 
results by real-time PCR for  
all 3 M. ulcerans targets 
were collected. Inset shows 
specimens from bandicoots  
and mosquitoes. Map created  
by using Google Earth  
(https://www.google.com/earth/). 

 
Table. Molecular genetic analysis of environmental samples for Mycobacterium ulcerans DNA in Buruli ulcer–endemic area, northern 
Queensland, Australia* 

Sample 
Real-time PCR analysis 

IS2404 IS2606 IS2606–IS2404 KR 
Bandicoot feces 1† 37.3 ND ND ND 
Bandicoot feces 2† 27.8 29.1 1.3 28.9 
Soil 36.3 ND ND ND 
Mosquito 39.2 ND ND ND 
Mosquito pool 31.0 38.6 7.6 31.9 
Bandicoot feces‡ 31.4 33.9 2.5 33.9 
*Values are mean cycle thresholds of duplicate tests. IS, insertion sequence; KR, ketoreductase B domain of mycolactone polyketide synthase genes; 
ND, not detected. 
†Collected in September 2013. 
‡Collected in October 2013. 
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reservoir for this pathogen. Our data provide a basis for 
future investigations, which should include a survey of the 
local animal population for lesions of BU. Similar studies 
have not identified a mammalian animal reservoir in BU-
endemic regions of West Africa (10). Therefore, investi-
gations should be conducted to determine whether at least 
some marsupial species are more susceptible to M. ulcer-
ans infection than other mammals.

In Far North Queensland, the Daintree River obtains 
its waters from the mountainous rainforest region north-
west of the small town of Mossman and flows into the sea 
at Cape Tribulation. The wet season is November/Decem-
ber–April, and the dry season is May–October/November. 
We encountered different environmental conditions at the 2 
sampling time points. In September, water bodies, includ-
ing creeks, small lakes, and swamps, were filled with water 
(Figure 2, panel A). However, water levels were compara-
tively low at the end of the dry season in October; some wa-
ter bodies had even dried up (Figure 2, panel B). Samples 
from other water bodies, such as creeks (Figure 2, panel C) 
or biotopes near houses (Figure 2, panel D) in which the 
presence of M. ulcerans was suspected, all showed nega-
tive results for IS2404.

Because outbreaks of BU in Far North Queensland 
were historically related to heavy rainfalls and flooding, 
future studies in this region should be performed during or 
shortly after the rainy season. Although mosquitoes seem 
to be involved in the ecology of BU in Victoria (5,11,12), 
the mosquito sample positive for M. ulcerans in this study 
did not have a bacterial genotype that is known to com-
monly cause disease in endotherms.

Acknowledgments
We thank Hendrik John Weimar, Barbara Maslen, and Allen 
Sheather for facilitating collection of environmental samples  
and Samuel Yaw Aboagye for assisting with testing of  
collected samples.

Dr. Röltgen is a scientist at the Swiss Tropical and Public 
Health Institute, Basel, Switzerland. Her research interests  
are molecular and seroepidemiologic aspects of M. ulcerans 
infection and development of point-of-care diagnostics for 
Buruli ulcer.

References
  1.	 Röltgen K, Pluschke G. Epidemiology and disease burden of 

Buruli ulcer: a review. Rearch and Reports in Tropical Medicine. 
2015;2015:59–73.

  2.	 Hong H, Coutanceau E, Leclerc M, Caleechurn L, Leadlay PF, 
Demangel C. Mycolactone diffuses from Mycobacterium ulcerans–
infected tissues and targets mononuclear cells in peripheral blood 
and lymphoid organs. PLoS Negl Trop Dis. 2008;2:e325.  
http://dx.doi.org/10.1371/journal.pntd.0000325

  3.	 Pidot SJ, Asiedu K, Käser M, Fyfe JA, Stinear TP. Mycobacterium 
ulcerans and other mycolactone–producing mycobacteria should 
be considered a single species. PLoS Negl Trop Dis. 2010;4:e663. 
http://dx.doi.org/10.1371/journal.pntd.0000663

  4.	 Fyfe JA, Lavender CJ, Handasyde KA, Legione AR, O’Brien CR,  
Stinear TP, et al. A major role for mammals in the ecology of  
Mycobacterium ulcerans. PLoS Negl Trop Dis. 2010;4:e791.  
http://dx.doi.org/10.1371/journal.pntd.0000791

  5.	 Johnson PD, Lavender CJ. Correlation between Buruli ulcer and 
vector-borne notifiable diseases, Victoria, Australia. Emerg Infect 
Dis. 2009;15:614–5. http://dx.doi.org/10.3201/eid1504.081162

  6.	 Steffen CM, Smith M, McBride WJ. Mycobacterium ulcerans  
infection in North Queensland: the ‘Daintree ulcer’.  
ANZ J Surg. 2010;80:732–6. http://dx.doi.org/10.1111/ 
j.1445-2197.2010.05338.x

Figure 2. Sample locations for 
detection of Mycobacterium 
ulcerans DNA in Buruli 
ulcer–endemic area, northern 
Queensland, Australia. A) Pond 
where IS2404-positive soil 
sample was collected at first 
sampling time in September 
2013; B) same location dried 
out at the end of the dry season 
in October. C, D) Other water 
bodies suspected to be linked 
to M. ulcerans infections, such 
as creeks (C) or water surfaces 
near houses (D), showed 
negative results for IS2404. IS, 
insertion sequence.



	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No. 12, December 2017	 2045

M. ulcerans DNA in Bandicoot Excreta, Australia

  7.	 Steffen CM, Freeborn H. Mycobacterium ulcerans in the Daintree 
2009–2015 and the mini-epidemic of 2011. ANZ J Surg. 2016. 
http://dx.doi.org/10.1111/ans.13817

  8.	 Merritt RW, Walker ED, Small PL, Wallace JR, Johnson PD,  
Benbow ME, et al. Ecology and transmission of Buruli ulcer  
disease: a systematic review. PLoS Negl Trop Dis. 2010;4:e911. 
http://dx.doi.org/10.1371/journal.pntd.0000911

  9.	 Fyfe JA, Lavender CJ, Johnson PD, Globan M, Sievers A,  
Azuolas J, et al. Development and application of two multiplex 
real-time PCR assays for the detection of Mycobacterium ulcerans 
in clinical and environmental samples. Appl Environ Microbiol. 
2007;73:4733–40. http://dx.doi.org/10.1128/AEM.02971-06

10.	 Röltgen K, Pluschke G. Mycobacterium ulcerans disease (Buruli ulcer): 
potential reservoirs and vectors. Current Clinical Microbiology Reports. 
2015;2:35–43. http://dx.doi.org/10.1007/s40588-015-0013-3

11.	 Johnson PD, Azuolas J, Lavender CJ, Wishart E, Stinear TP,  
Hayman JA, et al. Mycobacterium ulcerans in mosquitoes 
captured during outbreak of Buruli ulcer, southeastern Australia. 
Emerg Infect Dis. 2007;13:1653–60. http://dx.doi.org/10.3201/
eid1311.061369

12.	 Lavender CJ, Fyfe JA, Azuolas J, Brown K, Evans RN,  
Ray LR, et al. Risk of Buruli ulcer and detection of  
Mycobacterium ulcerans in mosquitoes in southeastern Australia. 
PLoS Negl Trop Dis. 2011;5:e1305. http://dx.doi.org/10.1371/ 
journal.pntd.0001305

Address for correspondence: Katharina Röltgen, Unit of Molecular 
Immunology, Swiss Tropical and Public Health Institute, Socinstrasse 57, 
Basel 4002, Switzerland; email: katharina.roeltgen@unibas.ch

• �Investigation of and Response to 2 Plague Cases, 
Yosemite National Park, California, USA, 2015

• �Anomalous High Rainfall and Soil Saturation as 
Combined Risk Indicator of Rift Valley Fever Outbreaks, 
South Africa, 2008–2011

• �Cutaneous Granulomas in Dolphins Caused by Novel 
Uncultivated Paracoccidioides brasiliensis

• �Vertebrate Host Susceptibility to Heartland Virus

• �Whole-Genome Characterization and Strain 
Comparison of VT2f-Producing Escherichia coli Causing 
Hemolytic Uremic Syndrome

• �African Horse Sickness Caused by Genome 
Reassortment and Reversion to Virulence of Live, 
Attenuated Vaccine Viruses, South Africa, 2004–2014

• �Streptococcus agalactiae Serotype IV in Humans and 
Cattle, Northern Europe

• �Effect of Live-Poultry Market Interventions on Influenza 
A(H7N9) Virus, Guangdong, China

• �Infectious Dose of Listeria monocytogenes in Outbreak 
Linked to Ice Cream, United States, 2015

• �Baylisascaris procyonis Roundworm Seroprevalence 
among Wildlife Rehabilitators, United States and 
Canada, 2012–2015  

• �Electrolyte and Metabolic Disturbances in Ebola Patients 
during a Clinical Trial, Guinea, 2015

• �Genetically Different Highly Pathogenic Avian Influenza 
A(H5N1) Viruses in West Africa, 2015  

• �Highly Pathogenic Reassortant Avian Influenza A(H5N1) 
Virus Clade 2.3.2.1a in Poultry, Bhutan   

• �Horizontal Transmission of Chronic Wasting Disease  
in Reindeer  

• �Highly Divergent Dengue Virus Type 2 in Traveler 
Returning from Borneo to Australia  

• �Unusual Ebola Virus Chain of Transmission, Conakry, 
Guinea, 2014–2015 

• �Human Infection with Novel Spotted Fever Group 
Rickettsia Genotype, China, 2015 

• �Hepatitis E Virus in 3 Types of Laboratory Animals, 
China, 2012–2015  

• �Human Brucellosis in Febrile Patients Seeking Treatment 
at Remote Hospitals, 
Northeastern Kenya,  
2014–2015  

• �Evaluating Healthcare Claims 
for Neurocysticercosis  
by Using All-Payer All-Claims 
Data, Oregon, USA,  
2010–2013 

https://wwwnc.cdc.gov/eid/articles/issue/22/12/table-of-contents

December 2016: Zoonotic Infections


