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Reported cases of Mycobacterium ulcerans disease (Buruli 
ulcer) have been increasing in southeastern Australia and 
spreading into new geographic areas. We analyzed 426 
cases of M. ulcerans disease during January 1998–May 
2017 in the established disease-endemic region of the Bel-
larine Peninsula and the emerging endemic region of the 
Mornington Peninsula. A total of 20.4% of case-patients had 
severe disease. Over time, there has been an increase in 
the number of cases managed per year and the proportion 
associated with severe disease. Risk factors associated 
with severe disease included age, time period (range of 
years of diagnosis), and location of lesions over a joint. We 
highlight the changing epidemiology and pathogenicity of M. 
ulcerans disease in Australia. Further research, including 
genomic studies of emergent strains with increased patho-
genicity, is urgently needed to improve the understanding of 
this disease to facilitate implementation of effective public 
health measures to halt its spread.

Mycobacterium ulcerans causes a necrotizing disease 
of skin and soft tissue known as Bairnsdale or Dain-

tree ulcer in Australia and Buruli ulcer worldwide. The 
pathogenesis of M. ulcerans is driven by production of 
mycolactone, a polyketide-derived macrolide that triggers 
apoptotic cell death (1). The clinical spectrum of M. ulcer-
ans disease ranges from usually painless nodules or ulcers 
on the limbs, to more severe forms of the disease, includ-
ing edematous lesions (2). More severe disease has major 
implications for patients in terms of increased illness and 
long-term deformities, more complicated and prolonged 
treatments, and increased treatment costs (3,4). The World 
Health Organization (WHO) classification system classi-
fies M. ulcerans disease by severity: category 1 represents 
mild disease, and categories 2 and 3 represent more severe 
disease (5). The disease is classified as a WHO neglected 
tropical disease and has become a major public health issue 
in sub-Saharan Africa and Australia.

In the state of Victoria in Australia, M. ulcerans dis-
ease was first observed in the Bairnsdale District in the 
1930s and is now established on the Bellarine Peninsula 

(6). In recent years, the epidemiology of M. ulcerans dis-
ease in southern Victoria has noticeably changed, with 
rapidly increasing numbers of human cases reported per 
year and expansion into new geographic areas, including 
the Mornington Peninsula, an adjacent area with previously 
few cases (7). The reasons for this expansion are unknown 
but might be related to changing climate, population expan-
sion, human activities, or a complex zoonotic cycle involv-
ing possums (8,9).

Clinicians from Barwon Health, a tertiary hospital in 
Geelong, Victoria, Australia, which is adjacent to the Bel-
larine Peninsula, manage a large proportion of reported 
case-patients in Victoria (10), and have recently observed 
an increasing number of severe cases of M. ulcerans dis-
ease with devastating consequences for patients. If true, 
this increase might suggest emergence of more pathogenic 
strains of M. ulcerans among other factors putting humans 
at risk. Therefore, the purpose of this study was to describe 
the epidemiology and pathogenesis of severe M. ulcerans 
disease, assess risk factors for its development, and clarify 
the evolution of severe disease in this region. Our findings 
might facilitate development of effective public health in-
terventions to reduce illness and the costs of this disease.

Methods

Case-Patient Identification
All patients with confirmed M. ulcerans disease man-
aged at Barwon Health during January 1998–May 2017 
were included in this study. A confirmed M. ulcerans case 
was defined as presence of a lesion clinically suggestive 
of M. ulcerans infection plus 1 of the following: cultur-
ing of M. ulcerans from a lesion, a positive PCR result for 
IS2404 (11) for swab or biopsy specimens from a lesion 
(performed at the Victorian Infectious Diseases Reference 
Laboratory, Melbourne, Victoria, Australia), or histopatho-
logic findings for an excised lesion showing a necrotic ul-
cer and presence of acid-fast bacilli.

Data Collection
We prospectively collected clinical and demographic data 
by using Epi Info version 6 (Centers for Disease Control 
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and Prevention, Atlanta, GA, USA). These data were in-
formation regarding age of patient; duration of symptoms 
at diagnosis; patient sex; geographic location of the case; 
concurrent conditions, such as diabetes mellitus and im-
mune suppression; and type, site, and WHO category of 
lesions. We determined lesion size by measuring the extent 
of induration associated with the lesion with a ruler.

Definitions
We defined severe disease as any lesion classified as 
WHO category 2 or 3 at diagnosis. Using WHO criteria, 
we defined category 1 lesions as single lesions <5 cm in 
diameter, category 2 lesions as single lesions 5–15 cm in 
diameter, and category 3 lesions as single lesions >15 cm 
in diameter; multiple lesions, lesions at a critical site (eye, 
breast, genitalia), or osteomyelitis (5). Plaque lesions 
were firm, painless, elevated lesions >3 cm in diameter 
with ill-defined edges. Edematous lesions were diffuse 

and usually nonpitting swelling with ill-defined margins 
involving part or all of a limb or other body part. A lesion 
over a joint was defined as a lesion overlying 1 of the 
following large joints: ankle, elbow, knee, wrist, or shoul-
der. Immune suppression was defined as current treatment 
with immunosuppressive medication (e.g., prednisolone) 
or an active malignancy. We classified cases by geograph-
ic location as acquired from either of the disease-endemic 
areas of the Bellarine or Mornington Peninsulas (Fig-
ure 1). Calendar years were categorized as time periods 
(1998–2004, 2005–2010, and 2011–2017) and included 
as a variable in analyses to assess whether time periods 
were associated with disease severity.

Statistical Analysis
We analyzed data by using SPSS version 24 (IBM, Ar-
monk, NY, USA). We compared categorical variables by 
using the Fisher exact test, χ2 test, or χ2 test for trend and 

Figure 1. Locations (circles) of 
426 cases of Mycobacterium 
ulcerans disease in Bellarine and 
Mornington Peninsulas, Barwon 
Health Cohort, Geelong, Victoria, 
Australia, January 1998–May 
2017. Size of circles indicates 
number of cases, given in 
parentheses. Box in inset  
shows study region in 
southeastern Australia.
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categorical and numerical variables by using the Indepen-
dent Student t-test, as appropriate between groups. A p 
value <0.05 indicated statistically significant differences.

We constructed a logistic regression model to assess 
the association of variables with severe disease. We ob-
tained crude odds ratios (ORs) by performing univariate 
analysis and then performed multivariable analysis for age 
and sex a priori and all other variables showing an associa-
tion with severe disease by univariate analysis (assessed 
by p<0.20): geographic location, position of lesion over 
a joint, time period (range of years of diagnosis), and dia-
betes mellitus. We determined p values for assessing the 
strength of the association of each variable with disease 
severity, which were controlled for all other variables in 
the multivariable model, by using the likelihood ratio test. 
In addition, we individually compared the association of 
severe disease at 5 body sites (ankle, elbow, hand, fore-
arm, and knee) with severe disease at all other body sites 
combined, except for these 5 sites, by using univariate lo-
gistic regression.

Ethics Approval
The study was approved by Barwon Health Human Re-
search and Ethics Committee. All data were deidentified 
before analysis.

Results
A total of 446 case-patients with M. ulcerans disease were 
managed at Barwon Health during the study period. Twen-
ty (4.5%) patients did not have WHO disease category re-
corded and were excluded. Thus, we included 426 case-
patients in the study (Figure 1). We determined the number 
of cases included per calendar year stratified by disease 
severity (Figure 2).

Baseline Characteristics
Median age for the 426 patients included in the analysis 
was 58 years (range 38–74 years), and 230 (54%) patients 
were male. Thirty-four (9.2%) cases were diagnosed dur-
ing 1998–2014, 97 (24.2%) during 2005–2010, and 295 
(66.6%) during 2011–2017. Median duration of symptoms 
before diagnosis was 42 days (interquartile range [IQR] 
28–75 days).

We determined lesion type at diagnosis: 358 (84.0%) 
of lesions were ulcers, 27 (6.3%) were nodules, 36 (8.5%) 
were edematous lesions, and 4 (0.9%) were plaques. Diag-
noses were made on the basis of a positive PCR result for 
398 (93.4%) patients, positive histopathologic results for 23 
(5.4%), and positive culture for 5 (1.2%). We determined 
that the WHO category of lesions was category 1 for 335 
(78.6%) patients, category 2 for 46 (10.8%), and category 
3 for 45 (10.6%), which resulted in 335 (78.6%) patients 
classified as having nonsevere disease and 91 (20.4%) as 

having severe disease. Lesions categorized as severe had an 
increased likelihood of being edematous (OR 19.52, 95% 
CI 8.83–43.17; p<0.001), and 21 (23.1%) of case-patients 
with severe disease had >1 lesion at presentation.

We determined sites of lesions and the proportion of 
severe disease per site (Table 1). When compared with all 
other lesions on the body combined apart from the ankle, 
elbow, forearm, hand, and knee, we found that there was a 
significantly higher likelihood of severe disease if lesions 
were located on the ankle (OR 3.99, 95% CI 2.12–7.50; 
p<0.001), elbow (OR 3.12, 95% CI 1.52–6.40; p = 0.002), 
or knee (OR 2.60, 95% CI 1.10–6.13; p = 0.029) (Table 1). 
We also identified additional baseline characteristics strati-
fied by disease severity (Table 2).

Patients with Severe Disease
Patients with severe disease were significantly older (me-
dian age 68 years, IQR 44–82 years) than patients without 
severe disease (median age 56 years, IQR 35–70 years; 
p<0.001). Univariate analysis showed that age (p = 0.004), 
geographic location (the Mornington Peninsula compared 
with the Bellarine Peninsula; p = 0.03), lesion located over 
a joint (p<0.001), time period (p = 0.01), and presence of 
diabetes mellitus (p = 0.06) were strongly associated with 
disease severity (Table 2). Univariate analysis showed that 
sex, duration of symptoms before diagnosis, and immune 
suppression were not associated with disease severity (Ta-
ble 2). Multivariate logistic regression analysis adjusting for 
age, sex, geographic location, position of lesion over a joint, 
time period, and diabetes mellitus showed that only the po-
sition of lesion over a joint (p<0.001), age (p = 0.006), and  

Figure 2. Proportion of severe and nonsevere cases of 
Mycobacterium ulcerans disease, Barwon Health Cohort, 
Geelong, Victoria, Australia, January 1998–May 2017.
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time period (p = 0.03) were significantly associated with 
severe disease (Table 2).

Discussion
The findings of our study suggest a serious change in the 
epidemiology of M. ulcerans disease in southeastern Aus-
tralia. There appears to be an increase in the proportion of 
severe cases in recent years, with a near doubling compared 
with earlier time periods to 25% of all case-patients who 
came to our health service during 2011–2017. More severe 
disease has major implications: case-patients with severe 
disease frequently require surgical treatment with tissue 
reconstruction (2) and hospitalization, and often have long-
term deformities (4). Severe disease also causes major in-
creases in cost of treatment (3). This finding is in contrast 
to nonsevere disease, which can usually be managed with 
oral antimicrobial drugs; outpatients have shown good out-
comes (12–14). We also report a large proportion of severe 
cases that affected 1 of 5 patients in our cohort. However, 
these rates are lower than those reported for cohorts in Af-
rica, in which the proportion of cases with severe disease 
(WHO categories 2 and 3 combined) was >70% (15–17). It 
has been postulated that strains in Africa are more virulent 
because of production of increased quantities and more po-
tent forms of mycolactone (18).

The reason for the increasing proportion of severe 
cases in recent years is not clear but might be related to 
evolution of a more pathogenic strain of M. ulcerans in 
the region. In the area of M. ulcerans research, utility of 
whole-genome sequencing has been studied from an eco-
logic and epidemiologic perspective. Studies indicate a 
strong relationship between the genotype of an isolate and 
the geographic origin of disease at a national and regional 
level (19–21). However, there is no information available 
on the relationship between the genotype of an isolate and 
the clinical severity of disease in affected patients. In the 
related field of M. tuberculosis research, there has been  
increasing interest in using genomic information of  

individual disease isolates to predict clinical severity of 
disease in humans (phenotype), especially for M. tuber-
culosis strains with increased drug resistance (22). We 
advocate that genomic studies be conducted to explore 
whether particular M. ulcerans strains are associated with 
more severe disease, and if strains in disease-endemic re-
gions are evolving over time to become more pathogenic. 
These studies might provide useful information for public 
health policy.

Other possible explanations for the increased propor-
tion of severe cases of M. ulcerans disease could include 
environmental or climatic changes, which lead to a higher 
inoculum of organisms. In addition, there might have been 
a change in population dynamics or characteristics that 
make humans more susceptible to severe disease (23). Al-
though human populations in disease-endemic regions are 
steadily increasing, these increases are not sufficient to ex-
plain the rapid increase in reported cases, and additional 
studies of these factors are needed.

Our analysis suggested that there was no major dif-
ference in the proportion of severe cases of M. ulcerans 
disease reported between the 2 peninsulas. This finding 
is consistent with our understanding of restricted genetic 
diversity of M. ulcerans from the same geographic loca-
tion (20,24). A recent study of isolates from 11 disease-
endemic countries in Africa identified only 2 specific M. 
ulcerans lineages; these lineages were subdivided into 4 
major clusters, and most of these isolates were in cluster 
1 (25). The spread of disease across both peninsulas in our 
study region, given their close geographic proximity, prob-
ably resulted from clonal expansion of the same genotype. 
This hypothesis is consistent with findings of a study of 
isolates from Australia in which 1 isolate from Frankston 
(Mornington Peninsula) had genomic sequences similar to 
those for isolates from Point Lonsdale and St. Leonards 
(Bellarine Peninsula) (20).

Apart from time period, we have identified 2 risk fac-
tors for severe M. ulcerans disease: a lesion situated over a 

 
Table 1. Association between lesions at body sites and proportion of persons with severe Mycobacterium ulcerans disease, Barwon 
Health Cohort, Geelong, Victoria, Australia, January 1998–May 2017* 
Site Nonsevere disease, no. (%) Severe disease, no. (%) Crude odds ratio (95% CI) p value 
Ankle 40 (62.5) 26 (37.5) 3.99 (2.12–7.50) <0.001 
Elbow 32 (68.1) 15 (31.9) 3.12 (1.52–6.40) 0.002 
Hand 16 (72.7) 6 (27.3) 2.49 (0.91–6.85) 0.077 
Forearm 18 (75.0) 6 (25.0) 2.21 (0.82–6.01) 0.118 
Knee 23 (71.9) 9 (28.1) 2.60 (1.10–6.13) 0.029 
Arm 22 (88.0) 3 (12.0) 1 ND 
Buttock 2 (66.7) 1 (33.3) 1 ND 
Foot 17 (85.0) 3 (15.0) 1 ND 
Leg 127 (86.4) 20 (13.6) 1 ND 
Head 4 (80.0) 1 (20.0) 1 ND 
Shoulder 3 (100.0) 0 1 ND 
Thigh 18 (90.0) 2 (10.0) 1 ND 
Trunk 4 (100.0) 0 1 ND 
Wrist 9 (90.0) 1 (10.0) 1 ND 
*ND, not determined. 
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joint and age. The reason for more severe disease occurring 
over joints is not clear. Reduced skin and subcutaneous tis-
sue and the absence of muscle compared with adjacent re-
gions might lead to lower tissue temperatures and increased 
growth of organisms (26,27). In addition, these factors 
might facilitate spread across tissue planes, and a reduced 
blood flow in the absence of muscle might relatively re-
duce local immune function. In contrast, increased tissue 
movement and physical stress over joints might increase 
lymph flow in the region and enhance spread of the infec-
tion, such as that hypothesized for hand, foot and mouth 
disease (28,29).

Our finding of older (>65 years) age as a risk factor 
for severe M. ulcerans disease is consistent with our previ-
ous studies that demonstrated that these patients were more 
likely to have multiple lesions or be categorized into WHO 
category 3 (30). This finding might be related to reduced 
immunity in patients in older age groups. Reduced immu-
nity inhibits control of the mycobacterium and results in 
larger, more severe forms of M. ulcerans disease, which 
is similar to immunosuppressive effects of HIV (31). Re-
duced immunity in elderly persons might also be related 
to an increased prevalence of other concurrent conditions. 
Likewise, our study findings suggest that children might be 
at increased risk for severe disease, which might be related 
to relative immune suppression in an immune system that 
is still developing.

We found that, similar to findings from Africa (32), 
more prolonged signs and symptoms before diagnosis were 
not associated with severe disease. Therefore, severe dis-
ease is not directly related to a delay in diagnosis, as is 
often believed.

With the increasing number and severity of cases of 
M. ulcerans disease in Victoria, public health measures 
to prevent the disease are needed, although these mea-
sured are hampered because the environmental reservoir 
and mode of transmission of M. ulcerans are unknown. 
Current recommendations involve mosquito and insect 
bite preventive strategies, given some evidence that mos-
quitoes or another vector might be responsible for trans-
mission (33,34). There is evidence of reduced risk for 
disease for persons outdoors in disease-endemic areas 
who reported regular use of insect repellent (35). In ad-
dition, sleeping under bed nets in Africa has been associ-
ated with a reduced incidence of disease (36). Possums 
have been postulated as a potential environmental reser-
voir in Australia (8,9), and more research is needed on  
the role of possums in the epidemiology of human M. ul-
cerans disease.

There were some limitations to this study. First, be-
cause we conducted an observational study, other unmea-
sured confounders associated with severe disease could 
affect the results. Second, there might be referral bias for 
case-patients managed at Barwon Health and increased 

 
Table 2. Logistic regression analysis of adjusted and unadjusted associations between patient characteristics and severe 
Mycobacterium ulcerans disease, Barwon Health Cohort, Geelong, Victoria, Australia, January 1998–May 2017* 

Characteristic 
Nonsevere 

disease, no. (%) 
Severe disease, 

no. (%) 
Crude odds ratio 

(95% CI) p value 
Adjusted odds ratio 

(95% CI) p value 
Age, y       
 ≤15 31 (77.5) 9 (22.5) 1.62 (0.71–3.71) 0. 004 1.73 (0.73–4.12) 0.006 
 16–64 184 (84.8) 33 (15.2) 1  1  
 ≥65 120 (71.0) 49 (29.0) 2.28 (1.38–3.75)  2.34 (1.38–3.98)  
Sex       
 F 156 (79.6) 40 (20.4) 1 0.66 1 0.51 
 M 179 (77.8) 51 (22.2) 1.11 (0.70–1.77  1.18 (0.72–1.94)  
Location       
 Mornington Peninsula 72 (70.6) 30 (29.4) 1 0.03 1 0.24 
 Bellarine Peninsula 263 (81.2) 61 (18.8) 0.56 (0.33–0.93)  0.71 (0.40–1.26)  
Lesion over a joint       
 No 228 (84.4) 42 (15.6) 1 <0.001 1 <0.001 
 Yes 107 (68.6) 49 (31.4) 2.67 (1.64–4.36)  2.71 (1.65–4.43)  
Time period       
 1998–2004 29 (85.3) 5 (14.7) 1 0.01 1 0.03 
 2005–2010 85 (87.6) 12 (12.4) 0.82 (0.27–2.52)  0.88 (0.28–2.80)  
 2011–2017 221 (74.9) 74 (25.1) 1.94 (0.73–5.20)  2.11 (0.74–5.99)  
Duration of symptoms before diagnosis, d      
 ≤75 241 (77.7) 69 (22.3) 1 0.76 NA NA 
 >75 81 (81.0) 19 (19.0) 0.82 (0.46–1.44)    
 Missing 13 (81.3) 3(18.8) 0.81 (0.22–2.91)    
Diabetes mellitus       
 No 312 (79.8) 79 (20.2) 1 0.06 1 0.14 
 Yes 23 (65.7) 12 (34.3) 2.06 (0.98–4.32)  1.86 (0.82–4.23)  
Immune suppression       
 No 310 (79.3) 81 (20.7) 1 0.31 NA NA 
 Yes 25 (71.4) 10 (28.6) 1.50 (0.69–3.27)    
*Adjusted for age, sex, location, position of lesion over a joint, time period, and diabetes mellitus. NA, not applicable. 
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numbers of severe cases referred over time because of the 
increasing expertise of clinicians in managing M. ulcerans 
disease. However, Barwon Health is the only tertiary re-
ferral center on the Bellarine Peninsula, and case-patients 
who are residents of this peninsula are seen by this health 
service regardless of disease severity. Therefore we believe 
that referral bias accounting for increasing disease severity 
over time is unlikely.

The epidemiology and pathogenicity of M. ulcerans 
disease in southeastern Australia is changing rapidly; 
we observed increases in numbers of cases per year and 
disease severity. Risk factors for severe disease include 
age, time period, and lesions located over a joint. Rea-
sons for the changing epidemiology and pathogenicity are 
unknown but these factors urgently need to be identified  
and addressed to halt spread of this increasingly devastat-
ing disease.

Dr. Tai is an infectious diseases fellow at University Hospital 
Geelong, Barwon Health, Geelong, Australia. His research  
interests are travel and tropical medicine, including the  
increasing case burden of M. ulcerans infection locally.

References
  1.	 George KM, Chatterjee D, Gunawardana G, Welty D, Hayman J, 

Lee R, et al. Mycolactone: a polyketide toxin from Mycobacterium 
ulcerans required for virulence. Science. 1999;283:854–7. 

  2.	 O’Brien DP, Friedman ND, McDonald A, Callan P, Hughes A, 
Athan E. Clinical features and risk factors of oedematous  
Mycobacterium ulcerans lesions in an Australian population: 
beware cellulitis in an endemic area. PLoS Negl Trop Dis. 
2014;8:e2612. 

  3.	 Pak J, O’Brien DP, Quek T, Athan E. Treatment costs of  
Mycobacterium ulcerans in the antibiotic era. Int Health. 
2012;4:123–7. 

  4.	 de Zeeuw J, Omansen TF, Douwstra M, Barogui YT, Agossadou C, 
Sopoh GE, et al. Persisting social participation restrictions among 
former Buruli ulcer patients in Ghana and Benin. PLoS Negl Trop 
Dis. 2014;8:e3303. 

  5.	 World Health Organization. Treatment of Mycobacterium ulcerans 
disease (Buruli ulcer), 2012 [cited 2017 Sep 15]. http://apps.who.int/ 
iris/bitstream/10665/77771/1/9789241503402_eng.pdf

  6.	 MacCallum CP, Tolhurst JC, Buckle G, Sissons HA. A new  
mycobacterial infection in man. J Pathol Bacteriol. 1948; 
60:93–122. 

  7.	 Department of Health and Human Services. Cutaneous  
Mycobacterium ulcerans infection, 2016 [cited 2017 Sep 17]. 
https://www2.health.vic.gov.au/about/news-and-events/healthalerts/
buruli-ulcer-dec2016

  8.	 O’Brien CR, Handasyde KA, Hibble J, Lavender CJ, Legione AR,  
McCowan C, et al. Clinical, microbiological and pathological 
findings of Mycobacterium ulcerans infection in three Australian 
possum species. PLoS Negl Trop Dis. 2014;8:e2666. 

  9.	 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. 

10.	 Boyd SC, Athan E, Friedman ND, Hughes A, Walton A, Callan P,  
et al. Epidemiology, clinical features and diagnosis of  
Mycobacterium ulcerans in an Australian population. Med J Aust. 
2012;196:341–4. 

11.	 Stinear T, Ross BC, Davies JK, Marino L, Robins-Browne RM, 
Oppedisano F, et al. Identification and characterization of IS2404 
and IS2606: two distinct repeated sequences for detection of  
Mycobacterium ulcerans by PCR. J Clin Microbiol. 1999; 
37:1018–23.

12.	 O’Brien DP, Jenkin G, Buntine J, Steffen CM, McDonald A,  
Horne S, et al. Treatment and prevention of Mycobacterium  
ulcerans infection (Buruli ulcer) in Australia: guideline update. 
Med J Aust. 2014;200:267–70. 

13.	 Friedman ND, Athan E, Walton AL, O’Brien DP. Increasing 
experience with primary oral medical therapy for Mycobacterium 
ulcerans disease in an Australian cohort. Antimicrob Agents  
Chemother. 2016;60:2692–5. 

14.	 Cowan R, Athan E, Friedman ND, Hughes AJ, McDonald A, 
Callan P, et al. Mycobacterium ulcerans treatment: can antibiotic 
duration be reduced in selected patients? PLoS Negl Trop Dis. 
2015;9:e0003503. 

15.	 Vincent QB, Ardant MF, Adeye A, Goundote A, Saint-André JP, 
Cottin J, et al. Clinical epidemiology of laboratory-confirmed  
Buruli ulcer in Benin: a cohort study. Lancet Glob Health. 
2014;2:e422–30. 

16.	 Kenu E, Nyarko KM, Seefeld L, Ganu V, Käser M, Lartey M, et al. 
Risk factors for Buruli ulcer in Ghana: a case–control study in the 
Suhum-Kraboa-Coaltar and Akuapem South Districts of the eastern 
region. PLoS Negl Trop Dis. 2014;8:e3279. 

17.	 Ukwaja KN, Meka AO, Chukwuka A, Asiedu KB, Huber KL,  
Eddyani M, et al. Buruli ulcer in Nigeria: results of a pilot case 
study in three rural districts. Infect Dis Poverty. 2016;5:39. 

18.	 Mve-Obiang A, Lee RE, Portaels F, Small PL. Heterogeneity of 
mycolactones produced by clinical isolates of Mycobacterium  
ulcerans: implications for virulence. Infect Immun. 2003;71: 
774–83. 

19.	 Ablordey AS, Vandelannoote K, Frimpong IA, Ahortor EK,  
Amissah NA, Eddyani M, et al. Correction: whole genome  
comparisons suggest random distribution of Mycobacterium  
ulcerans genotypes in a Buruli ulcer endemic region of Ghana. 
PLoS Negl Trop Dis. 2015;9:e0003798. 

20.	 Doig KD, Holt KE, Fyfe JA, Lavender CJ, Eddyani M, Portaels F, 
et al. On the origin of Mycobacterium ulcerans, the causative agent 
of Buruli ulcer. BMC Genomics. 2012;13:258. 

21.	 Bolz M, Bratschi MW, Kerber S, Minyem JC, Um Boock A,  
Vogel M, et al. Locally confined clonal complexes of  
Mycobacterium ulcerans in two Buruli ulcer endemic regions of 
Cameroon. PLoS Negl Trop Dis. 2015;9:e0003802. 

22.	 Walker TM, Kohl TA, Omar SV, Hedge J, Del Ojo Elias C,  
Bradley P, et al.; Modernizing Medical Microbiology (MMM) 
Informatics Group. Whole-genome sequencing for prediction of 
Mycobacterium tuberculosis drug susceptibility and resistance: a 
retrospective cohort study. Lancet Infect Dis. 2015;15:1193–202. 

23.	 Australian Bureau of Statistics. Victoria records highest population 
rise of all States and Territories, 2017 [cited 2017 Sep 15].  
http://www.abs.gov.au/ausstats/abs@.nsf/MediaRealeses 
ByCatalogue/C508DD213FD43EA7CA258148000 
C6BBE?OpenDocument

24.	 Röltgen K, Qi W, Ruf MT, Mensah-Quainoo E, Pidot SJ,  
Seemann T, et al. Single nucleotide polymorphism typing of 
Mycobacterium ulcerans reveals focal transmission of Buruli 
ulcer in a highly endemic region of Ghana. PLoS Negl Trop Dis. 
2010;4:e751. 

25.	 Vandelannoote K, Meehan CJ, Eddyani M, Affolabi D,  
Phanzu DM, Eyangoh S, et al. Multiple introductions and recent 
spread of the emerging human pathogen Mycobacterium ulcerans 
across Africa. Genome Biol Evol. 2017;9:414–26.

26.	 Drancourt M, Jarlier V, Raoult D. The environmental pathogen 
Mycobacterium ulcerans grows in amphibian cells at low  
temperatures. Appl Environ Microbiol. 2002;68:6403–4. 

Severity and Spread of M. ulcerans, Australia



RESEARCH

64	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 1, January 2018

27.	 Portaels F, Silva MT, Meyers WM. Buruli ulcer. Clin Dermatol. 
2009;27:291–305. 

28.	 Alexandersen S, Zhang Z, Donaldson AI, Garland AJ. The  
pathogenesis and diagnosis of foot-and-mouth disease. J Comp 
Pathol. 2003;129:1–36. 

29.	 Platt H. Phagocytic activity in squamous epithelia and its role 
in cellular susceptibility to foot-and-mouth disease. Nature. 
1961;190:1075–6. 

30.	 O’Brien DP, Friedman ND, Cowan R, Pollard J, McDonald A, 
Callan P, et al. Mycobacterium ulcerans in the elderly: more 
severe disease and suboptimal outcomes. PLoS Negl Trop Dis. 
2015;9:e0004253. 

31.	 Christinet V, Comte E, Ciaffi L, Odermatt P, Serafini M,  
Antierens A, et al. Impact of human immunodeficiency virus on the 
severity of Buruli ulcer disease: results of a retrospective study in 
Cameroon. Open Forum Infect Dis. 2014;1:ofu021. 

32.	 Capela C, Sopoh GE, Houezo JG, Fiodessihoué R, Dossou AD, 
Costa P, et al. Clinical epidemiology of Buruli ulcer from Benin 
(2005–2013): effect of time-delay to diagnosis on clinical forms 
and severe phenotypes. PLoS Negl Trop Dis. 2015;9:e0004005. 

33.	 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. 

34.	 Johnson PD, Lavender CJ. Correlation between Buruli ulcer and 
vector-borne notifiable diseases, Victoria, Australia. Emerg Infect 
Dis. 2009;15:614–5. 

35.	 Quek TY, Henry MJ, Pasco JA, O’Brien DP, Johnson PD,  
Hughes A, et al. Mycobacterium ulcerans infection: factors  
influencing diagnostic delay. Med J Aust. 2007;187:561–3.

36.	 Landier J, Boisier P, Fotso Piam F, Noumen-Djeunga B,  
Simé J, Wantong FG, et al. Adequate wound care and use  
of bed nets as protective factors against Buruli ulcer: results 
from a case control study in Cameroon. PLoS Negl Trop Dis. 
2011;5:e1392. 

Address for correspondence: Alex Y.C. Tai, Infectious Diseases, Barwon 
Health, University Hospital Geelong, Geelong, Victoria 3220, Australia; 
email: alex.tai@barwonhealth.org.au

• �Epidemiology of Mycobacterium bovis Disease in Humans 
in England, Wales, and Northern Ireland, 2002–2014 

• �Three Cases of Neurologic 
Syndrome Caused 
by Donor-Derived 
Microsporidiosis

• �Epidemiology of  
Invasive Haemophilus 
influenzae Disease, Europe, 
2007–2014 

• �Zika Virus RNA Replication and Persistence in Brain and 
Placental Tissue

• �Spatiotemporal Fluctuations and Triggers of Ebola  
Virus Spillover

• �New Mycobacterium tuberculosis Complex Sublineage,  
Brazzaville, Congo 

• �Whole-Genome Analysis of Bartonella ancashensis, a 
Novel Pathogen Causing Verruga Peruana, Rural Ancash 
Region, Peru 

• �Epidemiology of Nontuberculous Mycobacterial Lung 
Disease and Tuberculosis, Hawaii, USA 

• �Mycobacterium tuberculosis Transmission among Elderly 
Persons, Yamagata Prefecture, Japan, 2009–2015 

• �Comparison of Sputum-Culture Conversion for 
Mycobacterium bovis and M. tuberculosis

• �Use of Mass-Participation Outdoor Events to Assess 
Human Exposure to Tickborne Pathogens 

• �Pulmonary Nontuberculous Mycobacteria–Associated 
Deaths, Ontario, Canada, 2001–2013 

• �Variegated Squirrel Bornavirus 1 in Squirrels, Germany 
and the Netherlands

• �Genetically Diverse Filoviruses in Rousettus and Eonycteris 
spp. Bats, China, 2009 and 2015  

• �Molecular, Spatial, and Field Epidemiology Suggesting  
TB Transmission in Community, Not Hospital,  
Gaborone, Botswana 

• �pncA Gene Mutations Associated with Pyrazinamide 
Resistance in Drug-Resistant Tuberculosis, South Africa 
and Georgia  

• �Increase in Tuberculosis Cases among Prisoners, Brazil, 
2009–2014 

• �Likely Autochthonous Transmission of Trypanosoma cruzi 
to Humans, South Central Texas, USA

• �Mycobacterium tuberculosis in Wild Asian Elephants, 
Southern India 	

• �Rhodococcus Infection in Solid Organ and Hematopoietic 
Stem Cell Transplant Recipients 

https://wwwnc.cdc.gov/eid/articles/issue/23/3/table-of-contents

March 2017: Tuberculosis and Mycobacteria


