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Mycobacterium ulcerans in
Possum Feces before Emergence
iIn Humans, Australia

Bridgette J. McNamara, Jack Cornish, Kim R. Blasdell, Eugene Athan,
Naomi E. Clarke, Tiffany Pe, Mohammad Akhtar Hussain, Michael Muleme,
Ee Laine Tay, Michael Dunn, Victoria Boyd, Anjana Karawita, Daniel P. O’Brien

We describe emergence of Buruli ulcer in urban Gee-
long, Victoria, Australia, and examine timing and proxim-
ity of human cases to detection of Mycobacterium ulcer-
ans DNA in possum feces. M. ulcerans—positive feces
preceded human cases by up to 39 months, constituting
an early warning of impending risk for Buruli ulcer.

uruli ulcer is a neglected tropical disease and re-

mains a public health issue across south-eastern
Australia (1). Manifesting as a necrotizing ulcer, Bu-
ruli ulcer is caused by the environmental pathogen
Mycobacterium ulcerans (2). Although global case
numbers are falling, the ongoing epidemic in Victo-
ria, Australia, appears to be worsening (3), with a re-
cord 362 notified cases in Victoria in 2023. Historically
concentrated in coastal areas in Victoria, more recent
cases have emerged within noncoastal urban suburbs
of Melbourne and Geelong (4); the reasons remain
unclear. Temporal analysis of the phylogenic trees of
Victoria M. ulcerans isolates suggests a 7- to 9-year lag
time between the bacterium’s arrival in an area and
the emergence of human cases (5). Human acquisition
routes may include mosquito bites (6), direct trauma,
or contact with contaminated substrates, particularly
in limb areas with exposed skin (2,7). Unlike in Africa,
Australia shows evidence of zoonotic transmission,
notably from native ringtail (Pseudocheirus peregrinus)
and brushtail (Trichosurus vulpecula) possums, which
inhabit native habitat across coastal and inland areas
of Australia (8). Possum feces testing positive for M.
ulcerans DNA found at residential properties corre-
lated with higher likelihood of Buruli ulcer among

residents (9); surveillance in possums enhances case
prediction in humans (10), yet the timing of infection
in possum populations related to the emergence of
human cases has not been described. We describe the
emergence of human Buruli ulcer cases in Geelong,
Victoria, Australia, and their timing and proximity to
M. ulcerans-positive possum feces.

The Study
We conducted a descriptive epidemiologic study, in-
cluding a spatiotemporal clustering analysis of lab-
oratory-confirmed and probable Buruli ulcer cases
notified to the Department of Health Victoria during
January 1, 2011-December 31, 2022, to identify new en-
demic areas in suburbs of Geelong, a city of ~250,000
persons in southwest Victoria, Australia (Figure 1). We
examined aggregate case numbers and incidence per
100,000 estimated resident population (11) at Austra-
lian Bureau of Statistics (ABS) Statistical Areas 2 (SA2)
for the central Geelong suburbs and known endemic
areas of the Bellarine Peninsula and Surf Coast. We
examined geographic clustering of Geelong cases,
mapped to ABS Meshblocks (small geographic areas,
3-40 dwellings), in a space-time analysis using Pois-
son models in SatScan (http://www.satscan.org). The
models scan across geographic locations over time
to detect areas and time periods where reported case
numbers significantly exceed expected case numbers.
We used data from a systematic possum fecal
survey conducted in Geelong suburbs in 2020 (10),
as well as follow-up surveys conducted in a more
restricted area of Geelong at 3, 6, and 24 months
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Figure 1. Location of central Geelong suburbs in Victoria, Australia, and prior known endemic areas in the Bellarine Peninsula and Surf
Coast (higher case numbers dark pink, lower case numbers in light pink). We defined high incidence as >10 cases/100,000 population
in 2017-2019. Belmont with the central Geelong suburbs also meets this criterion. SA2, Australian Bureau of Statistics Statistical Area 2.

later and several samples from Belmont in the pre-
survey period in September 2019 (Appendix Figure
1, https://wwwnc.cdc.gov/EID/article/31/3/24-
0657-Appl.pdf). Fecal survey collection methods
have been published previously (10,12). We used the
data to examine the proximity and timing of human
Buruli ulcer cases notified in 2020-2022 to feces from
M. ulcerans-infected possums by calculating distance
from Buruli ulcer case residence (in meters) and tim-
ing (in months) from the most proximal possum fecal
sample collection to human case at notification.

During 2011-2022, a total of 402 Buruli ulcer cas-
es were reported in the Barwon South West (BSW)
catchment, including 80 cases within the SA2 loca-
tions of interest in central Geelong. We observed in-
creasing case numbers and incidence in Belmont dur-
ing 2017-2022 and in Highton and Newtown areas
during 2020-2022 (Table 1); we identified 3 clusters
where reported case numbers exceeded the number
expected (Figure 2, panel C).

Of the 49 Buruli ulcer cases diagnosed since 2020
in Geelong suburbs, 39 case-patients resided within

Table 1. Cases and incidence of Buruli ulcer in a noncoastal urban area, Australia, 2011-2022*

No. cases (no. per 100,000 patient-years)

Location 2020 populationt 2011-2013 2014-2016 2017-2019  2020-2022

Geelong SA2
Belmont 14,829 3(7.2) 0(0.0) 9 (20.5) 24 (53.5)
Corio—Norlane 27,622 0 (0.0) 0(0.0) 2(2.4) 0(0.0)
Geelong 13,781 2(5.3) 0(0.0) 1(2.5) 1(2.4)
Geelong West—Hamlyn Heights 21,272 2(3.4) 0(0.0) 0(0.0) 2 (3.1)
Grovedale 31,579 0 (0.0) 0 (0.0) 3(3.6) 4 (4.0)
Highton 23,869 3(4.9) 1(1.5) 1(1.4) 12 (16.6)
Newcomb—Moolap 15,089 3(6.7) 0 (0.0) 0(0.0) 0(0.0)
Newtown (Victoria.) 10,945 0 (0.0) 0 (0.0) 1(3.1) 6 (18.1)
North Geelong—Bell Park 15,757 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Bellarine and Surf Coast endemic SA2
Ocean Grove—-Barwon Heads 29,382 45 (76.8) 28 (41.0) 37 (46.2) 47 (51.0)
Point Lonsdale—Queenscliff 4,746 38 (303.3) 20 (157.9) 7 (53.0) 21 (144.3)
Portarlington 8,541 0 (0.0) 5(22.8) 4 (16.8) 4 (15.2)
Lorne—Angelseat 5,615 0(0.0) 0(0.0) 6 (37.1) 8 (46.8)

*Data presented are for regions of interest in SA2 of Geelong and other recognized Bellarine Peninsula and Surf Coast disease-endemic areas. Bold text
indicates incidence >10 per 100,000 person-years. SA2, Australian Bureau of Statistics Statistical Area 2.

tAustralian Bureau of Statistics estimated resident population for 2020.

tIncludes Aireys Inlet, Angelsea, Lorne. Aireys Inlet, 7 cases since 2017; Anglesea, 5 cases since 2017.
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areas included in the 2020 possum excreta survey
(Figure 2). The median distance from case-patient
residence to M. ulcerans-positive possum feces was
283 meters (Table 2). In all, 16/39 (41%) of the cases
resided within 200 meters of a positive possum sam-
ple. The median distance to a positive possum sample
was lower for cases within the identified clusters in
Belmont, Highton, and Newtown (199 meters; 50% of
case-patients resided within 200 meters of a positive
possum sample) than cases who were not within the
identified clusters (median 1,177 meters; 23% within
200 meters; p = 0.040 by rank-sum test). For cases
within the central areas sampled in both 2020 and
2022 fecal surveys, the median distance from a case
residence to a prior positive possum sample was only
108 meters (interquartile range [IQR] 82-263 meters).

Waurn Ponds Creek o
{ 0 05 tkm

Newtown cluster (3)
2020-2021
3 cases (expected 0.017)
Relative risk 178.8
p =0.059

—

Highton cluster (2)
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p<0.00001
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M. ulcerans in Possums and Humans, Australia

The most geographically proximal detections of
M. ulcerans in possum fecal samples preceded the
emergence of human Buruli ulcer cases by up to 39
(IQR 8-29) months (Table 2). For cases in identified
clusters, the most geographically proximal positive
possum fecal samples to cases occurred with an IQR
of 7-31 months before the case diagnosis, apart from
2 cases in which the closest positive detection (<100
meters) occurred after case diagnosis. For those cases,
other positive possum feces within 250 meters of the
case residence were detected 16 and 18 months before
the case diagnosis. Of note, we observed few Buruli
ulcer cases in the northern suburbs of Geelong during
2011-2022. Possum population density was lower in
these suburbs; few to no possum feces were present
during the 2020 excreta survey (Appendix Figure 1).

Figure 2. Distribution, clustering,
and timing of Buruli ulcer cases
in relation to Mycobacterium
ulcerans—positive possum fecal
. samples, Victoria, Australia.
A) Number and home location
- of human Buruli ulcer cases
' in Statistical Area SA1 in

2019-2020, compared with the
distribution of M. ulcerans—positive
possum fecal samples collected
~in the systematic main survey in
2020. Solid blue outline indicates
areas in 2019 in which cases
were tightly clustered during 2019;
colored areas without borders had
cases in 2020 only, B) Number
and home location of human
Buruli ulcer cases in Statistical
Area SA1 in 2021-2022,
compared with the distribution
. of M. ulcerans—positive possum
fecal samples collected in the
systematic main survey in 2020.

. Dashed blue outline indicates
areas with cases only in 2021—
2022 and not 2019-2020. Blue
circles indicate 100-meter radius
around the collection location.
\ C) Spatiotemporal clustering of
human Buruli ulcer cases from
2011-2022 in Geelong suburbs,
Australia. The observed number
of cases within each cluster
are compared to the expected
number for the estimated resident
population of the area during
- the period (3), under the null
hypothesis (no spatiotemporal
clustering). D) Changing
distribution of positive possum
fecal samples from 2020 (blue)
and 2022 (green).

Clusters identified
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Table 2. Proximity and timing of human cases of Buruli ulcer in areas with Mycobacterium ulcerans—positive possum fecal samples

collected in 2020 and 2022, Australia*

Cases diagnosed Cases within Cases not in Cases in 2-year

Characteristic since 2020 detected clusters  detected clusters  follow-up survey area
Total cases 39 26 13 24
Distance from positive possum fecal sample, meters

Median (IQR) 283 (92-1,025) 199 (88-393) 1177 (209-1,256) 108 (82—-263)

Range 35-1,867 35-1,531 70-1,867 35405
Proximity

<200 meters 16 (41) 13 (50) 3(23) 16 (67)

<500 meters 26 (67) 20 (77) 6 (46) 24 (100)
Months between possum detections and cases, 17 (8-29) 19 (8-31) 16 (11-26) 12 (7-28)

median (IQR)

*Values are no. (%) except as indicated. Clusters here include the 3 identified clusters (Belmont, Highton, Newtown, as presented in Figure 2, panel C).
All fecal samples positive by 1S2404 from any of the surveys (presurvey samples September 2019, main 2020 survey, 3-mo, 6-mo, or 24-mo follow-up)
were included in the measurement of proximity; the closest sample contributing to these summary measures.

TMonth calculated as days divided by 30. Two cases with closest proximity samples <100 meters in 2022 (postdiagnosis in 2021) have been excluded

from this time calculation, although both had relatively proximal detections (<250 meters) before diagnosis also.

No cases were reported in North Geelong-Bell Park
SA2; 1 of the 2 cases reported in 2018 in Corio-Nor-
lane SA2 resided within 344 meters of the subsequent
single M. ulcerans-positive possum fecal detection in
2020. Analysis examining the timeliness of diagnosis
in BSW demonstrated delays in Buruli ulcer diagno-
sis in emerging endemic areas.

Conclusions

Buruli ulcer endemicity in Victoria, Australia, is
evolving. Our multidisciplinary investigation of
human Buruli ulcer cases and M. ulcerans shedding
in local possums describes the speed and pattern
of spread in a large noncoastal urban center in Vic-
toria. Since 2017, Buruli ulcer cases have increased
and clustered within 3 Geelong suburbs, predomi-
nantly near possums shedding M. ulcerans in feces.
Possum detection precedes human cases by months
to years, suggesting that possum fecal surveillance
for M. ulcerans may be useful in identifying emerg-
ing areas before the onset of human cases. Our find-
ings support a recently published statistical model
to predict the location of future human Buruli ul-
cer cases based on previous human cases and the
location of positive possum fecal specimens (10);
here, we defined the temporal relationship where-
by infection appears in possums before humans in
an emerging disease area. Furthermore, we quan-
tified the time between the positive detections in
possum populations and subsequent human cases.
Our results suggest that possum fecal positivity
may provide an early warning signal of emerging
at-risk areas for Buruli ulcer. In Geelong, the Bar-
won South West Public Health Unit, established in
late 2020, uses this information (13) to inform tar-
geted efforts to enhance community awareness and
clinician knowledge of the condition in relation to
recommended behaviors aimed at disease preven-
tion (7) and for testing for more timely diagnosis
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(14). Evidence that such recommendations reduce
Buruli ulcer incidence is limited; further research
is required to investigate this possibility. As hu-
man cases emerge, M. ulcerans detections in pos-
sum feces may help delineate new areas of local
transmission from travel-related acquisition within
known endemic areas, assisted by research into the
ecology and transmission pathways of Buruli ulcer
to develop interventions to reduce disease in both
human and wildlife populations. Early detection of
M. ulcerans shedding in possums may inform de-
cisions on target areas to implement and evaluate
any such potential future interventions in Victoria.

This article was preprinted at https://medrxiv.org/cgi/
content/short/2024.05.03.24306731v1.
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