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Before	the	Covid-19	pandemic,	tuberculosis	(TB)	was	the	leading	cause	of	
death	due	to	infectious	diseases.	The	ambition	to	eliminate	TB	as	a	global	
public	health	threat	by	2035	seems	still	far	out	of	reach.	The	TB	incidence	
reduction	between	2015	and	2020	was	expected	 to	 reach	20%,	but	 the	
reduction	has	been	less	than	half	of	that,	9%1,2.	This	was	partly	due	to	the	
emergence	of	drug-resistant	TB.	Rifampicin-resistant	TB	(RR	TB)	and	multi-
drug-resistant	TB	(MDR	TB)—the	latter	being	defined	as	resistance	against	
both	rifampicin	and	isoniazid—significantly	correlate	with	poor	prognosis	
and	poor	outcomes1,3-5.	In	2019,	the	highest	burden	of	TB	was	concentrated	
in	South-East	Asia	(44%),	with	 Indonesia	as	the	country	with	the	second	
highest	incidence6.

Indonesia	is	a	lower-middle	income	country	in	South-East	Asia.	In	2020,	the	
total	population	exceeded	273	million,	spread	across	thousands	of	islands.	
Almost	80%	of	the	population	was	concentrated	in	Java	and	Sumatra,	while	
55%	of	the	population	lived	in	urban	areas	under	widely	varying	socioeco-
nomic	conditions.	The	country	also	has	high	levels	of	internal	migration7.	
This	uneven	distribution	of	socioeconomic	conditions,	with	a	large	propor-
tion	of	people	 living	 in	poverty,	 challenges	 the	health	 system,	especially	
for	the	equity	and	quality	of	the	healthcare	facilities	in	rural	and	outreach	
areas.	Health	indicators	show	that	almost	47%	of	the	population	did	not	
have	access	to	adequate	healthcare	in	20208.

Although	the	 trends	 in	annual	TB	 incidence	 in	 Indonesia	show	a	decline	
over	 the	 last	decade,	 the	 incidence	 is	 still	 considered	 to	be	very	high	at	
301	per	100,000.	The	mortality	 rate	 is	12%1.	The	current	situation	 is	 far	
below	the	target	of	2030	and	a	breakthrough	in	controlling	the	epidemic	is	
required.	To	address	this	challenge,	the	Indonesian	government	has	com-
mitted	itself	to	eliminating	TB,	as	demonstrated	through	the	Presidential	
decree	no.	67	in	2021.	The	strategies	include	intensifying	health	measures	
for	 TB	prevention	 and	 control	 and	 improving	 access	 to	 high-quality	 and	
patient-centred	TB	services9.	Immediate	steps	to	scale-up	preventive,	diag-
nostic,	and	treatment	services	for	TB,	specifically	among	vulnerable	popu-
lations,	were	prioritised.
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TB Prevention

As	part	of	the	national	TB	programme,	TB	prevention	is	one	of	the	highest	
priorities	in	Indonesia.	Since	1956,	Bacillus	Calmette–Guérin	(BCG)	vacci-
nation	has	been	part	of	 the	 immunisation	programme10.	To	date,	BCG	 is	
the	only	 licensed	TB	prevention	vaccine	 that	 is	 available	on	 the	market.	
However,	 its	effectiveness	varies	geographically	(ranging	from	no	protec-
tion	to	78%)	and	the	duration	of	protection	is	limited	to	10-15	years11–13.	
Although	 its	 protective	effect	 is	waning	over	time,	 its	 potential	 in	pre-
venting	life-threatening	forms	of	TB	in	children	is	unquestionable14,15.	BCG	
also	shows	beneficial	effects	on	reducing	all-cause	infant	mortality	and	on	
providing	 protection	 against	 infections	 other	 than	 TB14,16–18.	More	 recent-
ly,	 evidence	has	emerged	 that	 shows	 that	 the	duration	of	 its	protection	
is	 long-term12,19.	 The	 immune	effects	of	BCG	appear	 to	not	only	 include	
T-cell-mediated	protection	but	also	‘trained	innate	immunity’,	a	phenomenon	
that	 explains	 sustained	 and	durable	 protection	by	 BCG	 vaccination	over	
time20,	albeit	limited	and	attenuated.	Sixteen	potential	vaccines	are	currently	
in	phase	II/III	clinical	trials20,	while	many	more	vaccine	candidates	are	in	the	
pre-clinical	stages	of	development.	Novel	vaccine	candidates	to	replace	or	
boost	current	vaccination	have	been	investigated21	but	to	date	none	have	
replaced	BCG.	Many	studies	on	improving	BCG	vaccination	strategies	have	
been	proposed	and	performed;	interestingly,	two	studies	evaluated	the	po-
tential	of	BCG	re-vaccination22,23.	In	summary,	BCG	vaccination	shows	new	
and	sustainable	immune	effects22,24,25.	This	emerging	evidence	of	the	effec-
tiveness	of	BCG	vaccination	has	increased	the	interest	of	researchers	and	
national	BCG	vaccination	programmes.	Although	improved	or	alternative	
anti-TB	strategies	are	needed,	BCG	vaccination	remains	the	most	effective	
alternative	(in	terms	of	health	and	costs)	in	controlling	TB	infection,	espe-
cially	in	high-incidence	countries26.

The	huge	diversity	in	geographical	and	socioeconomic	aspects	in	Indonesia	
are	 reflected	 in	 the	 striking	 gaps	 in	BCG	 vaccination	 coverage,	 from	 the	
national	figure	of	almost	87%	to	as	low	as	29%	in	certain	areas27.	This	high-
lights	the	fact	that	the	national	coverage	report	may	mask	the	widely	varying	
vaccine	coverage	and	 the	poor	 results	 in	hard-to-reach	areas	across	 the	
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country,	which	may	lead	to	insufficient	control	of	TB.	Notably,	the	vaccine	
can	prevent	around	36%	of	children	from	dying	from	infectious	diseases27	

and	contribute	to	the	further	reduction	in	mortality	in	infants	and	children	
under	the	age	of	five	years.	In	particular,	the	reduction	in	mortality	in	
infants	and	children	under	5	was	from	46	deaths	per	1,000	live	births	in	
1997	to	24	deaths	per	1,000	 live	births	 in	2017	and	from	58	deaths	per	
1,000	live	births	in	1997	to	32	per	1,000	in	2017,	respectively,	indicate	the	
success	of	vaccination	programmes8.

TB treatment

In	2020,	the	WHO	reported	sub-optimal	TB	treatment	outcomes	with	treat-
ment	successes	at	85%,	76%,	and	57%	of	people	with	new	and	relapsed	TB,	
HIV-associated	TB,	and	RR/MDR	TB,	respectively.	Even	85%	success	rates	for	
TB	that	is	caused	by	fully	drug-susceptible	M.	tuberculosis	have	not	been	
achieved	in	all	settings.	Delay	in	diagnosis	and	treatment,	poor	adherence	
that	 is	reflected	by	high	 loss	to	 follow-up,	and	unidentified	or	additional	
drug-resistant	cases	have	been	identified	as	causes	for	these	sub-optimal	
results1.	RR/MDR	TB	treatment	poses	new	challenges	due	to	required	long-
term	 treatment	 (20-24	months),	high	costs,	 and	higher	 rates	of	adverse	
effects	than	first-line	drugs.	Since	2016,	shorter	treatment	regimens	of	9	
months	have	been	recommended	by	the	WHO	for	MDR	TB	treatment	under	
special	conditions3.	This	was	based	on	studies	from	Bangladesh	and	several	
African	countries	that	showed	that	regimens	with	shorter	(9-12	months)	
treatment	duration	for	MDR	TB	achieve	better	outcomes,	at	around	80%	
treatment	 success28–31.	 However,	 these	 shorter	 regimens	 might	 contain	
second-line	injectable	drugs,	which	lead	to	the	same	adverse	effects	as	the	
treatment	regimen	with	standard	duration32.	In	2020,	another,	even	shorter	
(6	months),	 oral-based	 regimen	 (comprised	of	bedaquiline,	pretomanid,	
and	linezolid:	the	BPaL	regimen)	was	introduced.	BPaL	was	first	studied	at	
a	South-African	site,	in	a	cohort	study	without	a	control	group	for	compari-
son;	this	study	showed	a	favourable	outcome,	with	an	almost	90%	success	
rate	at	the	end	of	treatment	and	after	follow-up33.	Many	questions	remain	
unanswered:	there	is	still	a	lack	of	evidence	for	effectiveness	and	safety	in	
long-term	follow-up,	there	are	questions	around	the	eligibility	for	short-course	
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treatment	 in	cases	of	 resistance	 to	quinolone	or	other	 second-line	 anti-TB	
drugs,	while	 the	 limited	accessibility	and	high	costs	might	challenge	 the	
implementation	of	these	novel	regimens34.	Despite	the	concern	for	unde-
tected	resistance	to	second-line	drugs,	such	shorter	regimens	with	higher	
favourable	outcomes	deserve	evaluation	and	implementation	in	national	
programmes	 to	 improve	outcomes,	minimise	side	effects,	and	 improve	
adherence	to	MDR	TB	treatment.

Health economic evaluation of tuberculosis control programmes

Decision-makers	in	low-	and	middle-income	countries	with	limited	health-
care	resources,	such	as	Indonesia,	might	benefit	from	a	health	economic	
evaluation	to	support	their	decisions	about	scaling	up	specific	programmes,	
for	example	to	 increase	the	coverage	of	BCG	vaccination	at	birth	 in	out-
reach	 regions	 throughout	 the	 country,	 or	 to	 engage	 in	 new	 treatment	
regimens,	with	new	drug	options,	 in	 their	 guidelines	or	 insurance	 reim-
bursement.	Such	studies	enable	decision-makers	to	compare	the	relative	
costs	incurred	and	the	outcomes	(effects)	of	an	intervention,	with	current	
standards.	Prevention	programmes	are	usually	underestimated	as	health-
care	programmes	since	prevention	requires	potentially	high	initial	invest-
ment,	which	only	results	in	cost	savings	in	the	long	term,	whereas	treat-
ment	 programmes	 show	 immediate	 effects	 and	possible	 savings.	 In	 this	
situation,	decision-makers	should	gain	a	better	overview	from	the	health	
economic	evaluation	perspective	of	certain	programmes	and	compare	them	
to	current	standards,	both	in	treatment	and	prevention.	This	thesis	aims	to	
contribute	to	this	type	of	information.

Thesis objectives

The	aims	of	this	thesis	are	to	analyse	the	health	economics	of	TB	control	
programmes,	 focusing	on	both	TB	prevention	and	TB	 treatment.	 For	 TB	
prevention,	this	thesis	explores	the	health	economic	evaluation	of	the	current	
TB	vaccine	(BCG)	and	new	TB	vaccine	candidates.	In	the	area	of	TB	treat-
ment,	the	thesis	focuses	on	the	health	economic	evaluations	of	MDR	TB	
treatment	 and,	more	 specifically,	 on	 the	 implementation	 of	 shorter	
regimens.
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Thesis outline

This	thesis	comprises	seven	chapters	that	include	an	introduction	(Chapter 
1) and	a	discussion	(Chapter 7).	Five	core	studies	are	presented,	grouped	
into	two	parts.	Part	 I	 (three	chapters)	mainly	explores	 the	health	economic	
evaluations	 of	 TB	 vaccination	 strategies.	 Part	 II	 (two	 chapters)	 explores	
treatment	strategies.	Details	on	these	chapters	are	outlined	below.

Part	I:	Health	economic	evaluations	of	tuberculosis	vaccination

The	aims	of	Part	I	are	to:

• Review	the	current	findings	of	economic	evaluation	studies	involving	
various	BCG	vaccination	strategies	in	a	variety	of	regions,	target	popu-
lations,	and	vaccine	types.

• Assess	the	cost-effectiveness	of	Indonesia’s	current	BCG	vaccination	
strategy	and	to	provide	recommendations	regarding	the	next	de-
velopment	phase	of	the	vaccination	programmes.

• Evaluate	 the	 cost-effectiveness	 of	 applying	 a	 non-restrictive	 open	
vial	 policy,	 combined	 with	 pro-active	 home	 visits	 by	 healthcare	
workers,	to	improve	coverage	of	BCG	vaccination	in	high-incidence	
outreach	settings.

Vaccination	is	still	the	main	strategy	in	TB	prevention.	Chapter 2	systematically	
explores	the	health	economic	evaluations	of	various	BCG	vaccination	strate-
gies	and	new	TB	vaccine	candidates.	Chapter 3	evaluates	 the	cost-effec-
tiveness	of	 the	current	 implementation	of	BCG	vaccination	 in	 Indonesia.	
Chapter 4 assesses	the	cost-effectiveness	of	increasing	the	BCG	vaccination	
coverage	in	outreach	settings	in	Indonesia.	A	non-restrictive	open	vial	policy	
and	pro-active	home	visits	for	vaccination	are	evaluated	in	this	study.

Part	 II:	 Health	 economic	 evaluation	 of	 treatment	 for	 drug-resistant	
tuberculosis.

The	aims	of	Part	II	are	to:	

• Assess	the	feasibility	of	transferring	economic	evaluation	studies	of	
shortened	anti-tuberculosis	regimens	to	Indonesia.
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• Evaluate	the	cost-effectiveness	analysis	of	two	short	treatment	op-
tions	compared	to	the	standard	treatment	in	Indonesia.

Most	health	economic	studies	of	new	short-course	regimens	for	drug-sus-
ceptible	and	drug-resistant	TB	in	high	TB-burden	settings	were	conducted	
outside	of	 Indonesia.	Given	 limited	resources	and	reliable	data,	Chapter 
5	 assessed	 the	 feasibility	 of	 transferring	 economic	 evaluation	 studies	 of	
shortened	anti-TB	regimens	from	other	countries	to	Indonesia.	In	Chapter 
6,	 a	 straightforward	Markov	model	was	designed	 to	evaluate	new	 short	
treatment	 regimens	 for	 drug-resistant	 TB:	 the	 Bangladesh	 regimen	 (9	
months)	and	the	BPaL	treatment	regimen	(6	months).

Finally,	 the	thesis	concludes	with	discussions	of	the	above	 issues,	makes	
recommendations,	and	specifies	further	work	that	needs	to	be	done,	both	
in	 research	 and	 in	 clinical	 implementation.	 In	 this	 thesis,	 I	 highlight	 the	
status	of	the	current	TB	vaccination	programme	and	MDR	TB	treatment	in	
Indonesia	in	a	health	economic	perspective.
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