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General	discussion	and	future	perspectives	

In	this	Thesis,	we	present	the	results	of	studies	focusing	on	Buruli	ulcer	conducted	in	Benin.	
Here,	we	first	discuss	the	epidemiology	and	control	programs.	We	discuss	diagnostics,	
focusing	on	a	novel	diagnostic	test	to	detect	mycolactone	with	fluorescent	thin-layer	
chromatography,	with	the	potential	to	be	used	as	a	point-of-care	test	in	remote	endemic	
regions	in	Africa.	We	discuss	the	role	of	resection	surgery,	after	the	introduction	of	
antimicrobials	as	the	primary	modality	of	treatment;	and	we	discuss	future	perspectives	
and	recommendations	to	improve	Buruli	ulcer	control.		

In	Chapter	2,	we	report	the	epidemiology	and	disease	severity	of	Buruli	ulcer	from	2008	to	
2019	in	Benin.	We	observed	a	decrease	of	almost	a	quarter	in	the	number	of	Buruli	ulcer	
patients	-	from	897	patients	in	2008,	to	240	patients	in	2019.	This	trend	has	been	observed	
in	all	the	endemic	districts	over	the	last	decade.	A	potential	limitation	of	our	study	is,	that	
we	used	reported	data;	we	did	not	add	field	surveys	like	door-to-door	assessments	of	any	
non-reported	cases	of	Buruli	ulcer,	to	assess	possible	under-reporting	to	the	health	system.	
Meanwhile,	earlier	over-reporting	might	also	have	played	a	role	in	the	observed	decline;	in	
2008,	there	were	no	PCR	services	in	place	for	case	confirmation	yet.	Nonetheless,	this	
decrease	in	the	number	of	Buruli	ulcer	patients	has	also	been	observed	in	other	endemics	
countries	in	west	Africa	such	as	Ghana,	Cameroon,	[1-4]	and	Côte	d'Ivoire.		Currently,	the	
system	consists	of	community-based	surveillance	teams	that	include	village	volunteers,	
teachers	and	community	workers	supervised	by	health	workers	[5-8].	A	form	developed	by	
the	WHO	(WHO	BU02)	is	used	as	the	data	collection	tool	for	surveillance	purposes	[6,	9].	
Using	reporting	systems	based	on	BU02	forms	has	its	limitations;	emerging	foci	and	
outbreaks	of	Buruli	ulcer	might	be	missed	[10].	In	Benin,	teams	are	dispatched	to	areas	of	
suspected	new	outbreaks.	When	ulcers	are	detected	that	remain	unidentified,	a	team	of	
experts	composed	of	doctors,	national	and	regional	health	officials	seconded	by	local	
community	health	workers	and	interpreters	move	to	areas	where	new	BU	cases	are	
suspected,	to	assess	whether	BU	can	be	confirmed	or	not.	In	August	2019,	17	patients	
presented	with	skin	ulcers	suspected	to	be	Buruli	ulcer	in	Tchaourou,	in	the	north	of	Benin.	
These	lesions	were	assessed	by	an	expert	team,	and	classified	as	non-BU	lesions	[11].		
Paradoxically,	in	Australia,	Nigeria	and	Liberia,	there	is	an	increase	in	the	number	of	new	
Buruli	ulcer	patients	[12-14].	The	exact	reasons	for	this	decrease	in	the	number	of	Buruli	
ulcer	patients	in	Benin	and	West	and	Central	Africa	is	not	known.	Several	hypotheses	can	be	
made	to	explain	this	decrease.	Benin	has	a	well-established	National	control	program	with	
an	effective	surveillance	system.	Facilities	are	in	place	for	detection	and	treatment	of	Buruli	
ulcer	patients.		Community	activities	have	been	conducted	in	endemic	districts	[5-8],	which	
may	have	resulted	in	a	reduction	in	the	number	of	chronic	cases	of	BU.	Mycobacterium	
ulcerans	has	an	as	yet	unknown	environmental	reservoir	[15-17];	it	is	assumed	that	
infection	occurs	by	skin	trauma,	and	direct	inoculation	by	M.	ulcerans	that	might	be	present	
on	exposed	skin.	Poor	hygiene	is	a	risk	factor	to	contract	BU	[18,	19].	Various	hygiene	and	
sanitation	programs	have	conceivably	reduced	the	chance	to	contract	BU	in	populations	at	



 

		 	

risk.	Fetching	water	from	natural	sources	exposes	individuals	to	the	environment	where	BU	
can	be	contracted	[20,	21].	A	study	conducted	in	Benin	reported	a	reduction	in	BU	incidence	
following	the	drilling	of	water	wells	that	resulted	in	providing	piped	water	for	consumption	
[22].	It	has	been	suggested	that	humans	with	discharging	BU	wounds	may	be	involved	in	
the	pollution	the	environment	with	M.	ulcerans	[23,	24].	The	introduction	of	antibiotic	
therapy	in	the	treatment	of	Buruli	ulcer	could	also	reduce	the	mycobacterial	load	in	BU	
lesions,	and	the	overall	discharge	of	bacilli	into	the	environment,	thus	leading	to	fewer	new	
infections.		

Despite	this	decrease	in	the	number	of	patients	observed	in	recent	years,	the	proportion	of	
lesions	in	category	III	have	not	decreased,	on	the	contrary:	lesions	of	Buruli	ulcer	in	WHO	
category	III	have	increased	from	43.6%	in	2008	to	60%	in	2019.	This	increase	in	disease	
severity	has	also	been	observed	in	Australia	[25].	One	explanation	might	be	that	with	
decreasing	numbers	of	BU	cases,	patients	and	doctors	might	become	less	experienced.	They	
might	therefore	have	more	trouble	recognizing	the	condition,	causing	longer	patients’	and	
doctors’	delay	[26].	An	alternative	explanation	for	the	increased	severity	of	BU	lesions	
might	be	that	the	pathogenicity	or	virulence	of	the	mycobacterium	might	have	increased,	
through	a	genetic	modification,	a	change	in	the	structure	of	mycolactone,	or	an	increase	in	
the	production	of	mycolactone	inducing	a	more	severe	clinical	manifestation	[3]	but	all	of	
this	has	not	been	shown	te	be	the	case	as	yet.	The	mycolactone	A/B	structure	being	the	
most	virulent	one	has	remained	the	type	present	in	M.	ulcerans	isolates	form	Africa	[27].		

With	this	change	in	epidemiology	which	Benin,	like	other	endemic	countries,	is	facing,	it	is	
important	that	the	national	surveillance	system	is	maintained.	A	national	field	survey	would	
be	a	good	approach	to	active	case	finding	both	in	known	endemic	areas	and	in	areas	where	
Buruli	ulcer	patients	have	not	yet	been	detected.	Faced	with	the	low	number	of	patients	
detected	per	year,	we	recommend	the	integration	of	surveillance	of	cutaneous	NTDs	and	
the	training	of	health	workers	in	order	to	optimize	the	use	of	limited	resources	and	
personnel.	

In	chapter	3,	we	report	the	results	of	an	innovative	decentralized	community-based	Buruli	
ulcer	treatment	program.	The	program	was	a	real	success	which	has	helped	to	improve	the	
indicators	of	detection	and	management	of	Buruli	ulcer	in	the	Zou	province.	These	
successes	result	from	the	combined	approach	of	awareness	sessions	and	free	treatment.	
Indeed,	the	number	of	patients	with	early	Buruli	ulcer	lesions	(category	I	and	II)	and	the	
number	of	patients	with	chronic	ulcers	have	increased	in	peripheral	health	centers,	after	
the	awareness	sessions	carried	out	as	part	of	the	program.	This	observation	confirms	the	
importance	of	community	interventions	and	decentralized	care	in	the	control	of	Buruli	
ulcer	[8,	28].	71%	of	Buruli	ulcer	patients	were	treated	in	decentralized	care	and	93%	have	
been	successfully	treated	without	residual	functional	limitations,	with	antibiotics	alone.	The	
management	of	all	chronic	ulcers	free	of	charge	was	a	major	factor	in	convincing	people	
who	hesitated	to	seek	treatment	at	the	health	center.	Health	workers	appreciated	the	



 

		 	

practical	training	on	wound	management.	Health	workers	were	more	confident	in	wound	
treatment	and	in	appropriate	referral	to	hospital.	For	more	than	a	decade,	it	has	not	been	
possible	to	set	up	a	decentralized	care	for	Buruli	ulcer	in	the	Zou	province.	The	pilot	project	
demonstrated	that	this	is	possible	when	it	is	introduced	as	a	“win-win”	approach	for	the	
referral	hospital	(CDTUB	Zagnanado	-	CSNG)	and	peripheral	health	centers.	The	staff	at	the	
CDTUB	Zagnanado	which	is	the	referral	hospital	of	the	province,	were	satisfied	with	the	fact	
that	patients	with	category	I	and	II	Buruli	ulcer	lesions	and	chronic	ulcers	not	caused	by	
Buruli	ulcer,	were	treated	in	health	centers.	This	reduced	the	work	load	in	the	hospital	and	
allowed	the	team	to	deal	with	more	serious	patients.	The	relationship	between	the	referral	
hospital	and	peripheral	health	centers	participating	in	decentralized	care,	however,	had	
remained	fragile	and	cannot	invariably	be	described	as	collaborative.	The	nurses	of	three	
health	centers	were	trained	during	this	pilot	project,	however,	only	one	health	center	was	
fully	operational	during	the	entire	intervention	period.	Nurses	from	other	health	centers	
were	assigned	to	other	health	facilities	during	the	study.	Staff	transfers	have	limited	our	
ability	to	learn	from	a	larger	sample	of	health	centers.	Another	limitation	was	the	inability	
of	the	referral	hospital	to	supervise	the	treatment	of	wound	care	during	the	intervention,	
due	to	the	shortage	of	medical	personnel	in	the	center.	This	supervision	was	therefore	
carried	out	by	the	staff	of	another	referral	hospital	in	Allada.	

It	is	necessary	to	maintain	the	achievements	of	this	project	by	scaling	up	the	
decentralization	of	care	in	all	districts	of	the	Zou	province.	Integrated	control	activities	for	
Buruli	ulcer	with	other	skin	Neglected	Tropical	Diseases	would	be	an	asset.	Other	steps	to	
be	made	would	be		to	set	up	therapeutic	management	protocols	adapted	to	the	local	
context,	that	should	be	similar	in	all	Buruli	ulcer	treatment	centers;	to	strengthen	
community	surveillance	teams;	to	raise	awareness	in	the	affected	communities,	and	to	train	
health	workers;	to	supply	all	Buruli	ulcer	treatment	centers	–	including	referral	hospitals	
and	peripheral	health	centers	-	with			the	drugs	and	other	supplies	for	diagnosis	and	
treatment	of	patients;	to	support	and	supervise	decentralization	activities;	and	to	develop	
long-term	follow-up	strategies	for	patients	who	had	their	BU	lesions	healed.	

In	chapter	4,	we	measured	the	performance	of	the	Thin	Layer	Chromatography	with	
fluorescent	indicator	(f-TLC)	as	a	diagnostic	tool	for	Buruli	ulcer,	using	PCR	that	targets	the	
Insertion	Segment	2404	as	the	reference	method	[29-31].	Evaluation	of	the	TLC	technique	
showed	that	mycolactone	can	be	detected	in	73%	of	the	samples	infected	with	
Mycobacterium	ulcerans.	The	technique	is	easy	to	perform	and	the	result	can	be	obtained	
quickly	(reading	in	one	hour).	The	sensitivity	was	higher	than	that	of	microscopy	(30–60%)	
or	culture	(35–60%)	and	comparable	to	that	of	histology	(82%)	[32,	33].	There	was	no	
difference	in	test	sensitivity	when	comparing	samples	obtained	by	Fine	Needle-Aspiration	
or	swabs.	The	specificity	was	87%,	which	implies	that	4	false	positive	patients	received	
treatment	for	8	weeks	with	daily	injections	of	Streptomycin	and	Rifampicin	by	oral	route,	
with	the	risk	of	side	effects	associated	with	these	drugs.	Two	of	these	patients	were	over	40	
years	old	and	had	lesions	on	the	lower	limbs.	Confirmation	by	PCR	is	generally	necessary	



 

		 	

for	this	type	of	patient	because	the	differential	diagnosis	of	Buruli	ulcer	is	wide.	However,	
the	other	two	were	children	with	lesions	on	the	upper	limb.	The	differential	diagnosis	in	
these	cases	is	very	limited,	and	it	is	possible	that	the	PCR	results	are	false-negative.	A	larger	
study	in	which	false	positives	are	tracked	and	diagnosed	correctly	is	needed	to	resolve	this	
problem.	The	main	weakness	of	our	study	is	the	fact	that	the	samples	were	taken	in	
endemic	areas	and	then	sent	after	3	weeks	to	the	Harvard	laboratory	(United	States	of	
America)	and	stored	before	the	test,	which	could	have	reduced	the	sensitivity	of	the	test.	An	
evaluation	of	the	performance	of	the	assay	as	a	point-of-care	test	(i.e.,	in	study	sites	in	
endemic	countries)	is	therefore	essential	and	such	studies	have	started	in	some	countries.	
In	fact,	using	PCR	as	the	reference	test	may	not	be	the	best	way	to	study	the	test	
performance	of	a	novel	diagnostic	test	like	f-TLC.	Conceivably,	inactivated	or	dead	M.	
ulcerans	bacilli	might	have	ceased	producing	mycolactone,	and	DNA	might	still	be	
detectable	in	a	lesion	with	no	mycolactone	present,	or	the	other	way	around	–	with	full	
elimination	of	M.	ulcerans,	mycolactone	might	still	be	present	for	some	time.	Therefore,	the	
two	tests	might	be	considered	additive,	and	might	in	combination	be	helpful	to	capture	all	
cases	of	M.	ulcerans	infection.	To	strictly	assess	whether	mycolactone	molecules	are	present	
in	human	tissues	or	not,	the	f-TLC	might	need	to	be	compared	with	another	validated	
biochemical	assay	like	Mass	Spectrometry	[34].	As	mentioned	above,	even	a	PCR	has	false-
negative	test	results;	sampling	errors,	inhibitors	and	detection	limits	make	that	PCR	like	
any	diagnostic	test	has	its	limitations.	An	optimized	method	to	evaluate	a	diagnostic	test	
would	therefore	be,	to	use	all	diagnostic	confirmation	tests	(microscopy,	histology,	culture,	
PCR,	and	mycolactone	assays)	including	the	clinical	evaluation,	photographic	imaging	over	
time,	and	an	independent	blinded	expert	panel	to	decide,	based	on	all	available	evidence	as	
the	reference	test	[35].	

In	a	context	of	a	decrease	in	numbers	of	patients,	there	is	an	urgent	need	of	routine	point-
of-care	diagnosis	of	Buruli	ulcer	disease	in	areas	of	endemicity.	It	is	important	to	conduct	
more	research	to	identify	a	good	laboratory	test	for	confirmation,	and	multiplex	PCR	
methods	that	would	capture	alternative	diagnoses	might	be	the	ultimate	way	forward	if	the	
numbers	of	incident	Buruli	ulcer	disease	is	declining,	and	the	a	priori	chance	to	diagnose	
other	conditions	in	the	differential	diagnosis	increases.	

Chapters	5	and	6	address	the	position	of	resection	surgery	after	the	introduction	of	drug	
treatment	as	the	first-line	of	treatment	for	Buruli	ulcer	in	2004	[36].	

In	Chapter	5,	where	we	describe	the	randomized	study	to	evaluate	the	safety	and	efficacy	
of	postponing	the	decision	about	surgical	resection	from	standard	week	8	after	start	of	
antimicrobial	treatment	to	week	14,	we	found	only	beneficial	effects;	less	surgery,	with	no	
disadvantage	in	terms	of	time	to	healing,	duration	of	hospital	admission,	or	residual	
functional	limitations	[37].		Initially,	the	study	was	planned	as	a	two-center	clinical	trial,	but	
unfortunately,	we	could	only	rely	on	the	data	of	one	single	treatment	center.	This	obviously	
reduced	the	generalizability	of	the	results.	Still,	as	the	methodology	was	robust,	with	an	



 

		 	

external	blinded	expert	deciding	on	surgery	or	not,	and	a	robust	primary	end	point	as	well	
as	relevant	secondary	endpoints,	we	believe	that	confirmatory	randomized	studies	to	
evaluate	the	role	of	resection	surgery	in	Buruli	ulcer	would	not	be	needed.	Besides,	there	is	
considerable	circumstantial	evidence	as	well,	that	the	role	of	surgical	resection	in	the	
management	of	Buruli	ulcer	is	very	limited	if	appropriate	antimicrobial	treatment	is	given.		
Two	clinical	trials	[38,	39]	have	shown	that	antimicrobial	treatment	without	surgery	is	
effective	in	patients	with	Buruli	ulcer	lesions	limited	to	a	single	lesion	≤	10	cm	cross-
sectional	diameter.	In	the	first	study	[38],	failure	of	antimicrobial	treatment	was	defined	as	
1)	need	for	resection	surgery	as	deemed	by	the	attending	physician;	surgery	was	generally	
deemed	necessary	if	the	lesion	size	increased	to	>150%	of	initial	presentation;	or	2)	if	the	
lesion	was	still	not	healed,	or	3)	had	relapsed	at	time	point	52	weeks	after	start	of	
antimicrobial	treatment.		Of	the	ten	out	of	151	study	participants	that	had	unsuccessful	
antimicrobial	treatment,	only	four	had	extensive	debridement	surgery;	three	had	in	fact	
category	III	lesions,	one	who	failed	had	just	additionally	four	more	weeks	of	antimicrobial	
treatment;	and	one	had	HIV	coinfection	that	might	have	contributed	to	non-healing.	In	the	
other,	larger	trial,	with	297	evaluable	study	participants,	no	single	patient	needed	
debridement	surgery;	and	only	four	received	skin	grafting	after	week	14	of	start	of	
treatment.	In	the	first	of	these	two	studies	[38],	the	number	of	study	participants	with	
residual	functional	limitations	was	three;	in	the	second	study	[37],	no	residual	functional	
limitations	were	detected.	In	summary,	these	two	studies	provide	evidence	that	at	least	in	
smaller	Buruli	ulcer	lesions,	excellent	healing	rates	with	exceedingly	low	sequelae	can	be	
achieved	with	antimicrobial	treatment	alone,	without	any	additional	surgery.	

Chapter	6	clearly	shows	that	the	wide	variability	of	surgical	resection	is	not	explained	by	
features	of	the	BU	lesions,	but	rather	by	the	preference	of	individual	medical	staff	caring	for	
patients	with	BU	[40].	Debridement	and	resection	of	dead	tissue	might	be	potentially	
advantageous,	as	with	removal	of	necrosis,	also	a	large	reservoir	of	mycolactone	molecules	
is	removed,	allowing	for	restoration	of	immune	defense	and	tissue	repair	[27].	Meanwhile	
also	in	reports	on	management	of	BU,	surgical	practice	in	the	era	of	antimicrobial	therapy	
has	varied	widely,	not	only	in	Africa	[41-44]	but	also	in	affluent	settings	like	Japan	[45]	and	
Australia	[46,	47].		

Our	study	[37]	clearly	shows	that	less	surgery	is	better,	in	terms	of	time	to	healing,	residual	
sequelae,	and	surely,	costs;	we	believe	that	the	evidence	supports	the	statement	that	drugs	
are	better	than	the	knife	[48].	Surgery	if	not	necessary	is	surely	disadvantageous,	and	
health	care	seeking	might	be	impaired	when	patients	realize	that	the	treatment	centre	they	
rely	upon	practices	extensive	debridement	surgery	[49,	50].	In	Africa	and	beyond,	the	
challenge	is	not	only	to	conduct	meaningful	well-designed	clinical	studies,	but	also,	to	
implement	the	findings	of	such	studies	in	every	day	medical	practice.		
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