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Discussion and Future Perspectives

Over	the	last	century,	BCG	vaccines	have	saved	countless	lives	around	the	
world18.	 Therefore,	 the	WHO	 continues	 to	 recommend	 a	 universal	 BCG	
vaccination	 strategy	 at	 birth,	 with	 154	 countries	 still	 implementing	 this	
strategy	as	part	of	 their	 routine	national	 immunization	programme.	Out	
of	these,	53	report	above	95%	coverage19.	Meanwhile,	some	very	low-in-
cidence	 countries	 do	 not	 recommend	 vaccination	 and	 mainly	 promote	
proper	hygiene	and	 screening	 to	 control	 TB,	while	most	 low-	 to	moder-
ate-incidence	countries	consider	selective	vaccination	strategies	and	only	
vaccinate	high-risk	groups20.	As	I	show	in	Chapter 2,	a	selective	strategy	is	
cost-effective	in	low-incidence	countries.	However,	the	findings	are	subject	
to	 limitations	 that	are	partly	due	 to	 the	small	number	of	 studies	and	 to	
uncertainty	about	the	BCG	vaccine’s	effectiveness18.	Decision-makers	from	
low-incidence	countries	should	base	their	decisions	on	robust	and	reliable	
health	economic	evaluations,	which	 incorporate	country-specific	TB	pro-
files,	transmission	effects,	and	societal	impacts	when	considering	switching	
from	a	universal	strategy	to	a	selective	strategy.

Given	the	uncertainty	of	the	reported	BCG	vaccine	effectiveness,	especially	
concerning	 the	 durability	 of	 the	 effects	 until	 an	 older	 age,	 considerable	
research	has	been	performed	on	 further	 improving	TB-preventing	vacci-
nations.	There	are	two	research	directions:	to	reinforce	the	effect	of	the	
BCG	vaccine	through	revaccination	or	the	design	and	development	of	new	
vaccines,	as	a	replacement	or	booster	of	the	current	BCG	vaccine6,18,21.	In	
Chapter 2,	I	have	shown	that	re-vaccination	is	a	cost-effective	strategy	in	
high-incidence	countries,	especially	when	accounting	for	potential	down-
stream	 indirect	 effects	 on	 the	 prevention	 of	 transmission.	 Also,	 a	 novel	
vaccine	with	 greater	protection	at	 a	more	advanced	age	 is	 predicted	 to	
be	a	very	cost-effective	option.	Yet,	revaccination	is	not	generally	recom-
mended	by	the	WHO	due	to	its	safety	concerns,	especially	among	immu-
nocompromised	individuals,	and	uncertainty	of	its	additional	benefits22.	As	
I	reported	in	Chapter 2,	vaccine	effectiveness	has	been	shown	to	be	one	
of	the	key	drivers	of	the	cost-effectiveness	of	vaccines.	Further	research	on	
novel	vaccines	should	address	the	shortcomings	of	the	current	BCG	vaccine:	
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the	waning	protective	effect	over	time,	resulting	in	little	or	no	protection	in	
adult	populations,	in	addition	to	the	low	overall	effectiveness	of	the	vaccine	
in	settings	that	are	characterized	by	a	high	TB	burden.

In	Chapter 3,	 I	 use	 a	 straightforward	modelling	 approach	 to	 show	 that	
even	 for	a	very	conservative	vaccine	effectiveness	scenario—in	 terms	of	
duration	of	protection,	waning	effects,	and	benefit	from	preventing	trans-
mission—vaccination	would	still	be	highly	cost-effective	in	controlling	TB.	
Although	our	model	design	is	not	expected	to	have	had	a	marked	impact	
on	the	results,	we	recommend	considering	other	modelling	types	as	well	
for	comparative	purposes,	such	as	compartmental	dynamic	and	individu-
al-based	models,	for	confirmation	if	data	on	heterogeneity	in	geography,	
urbanization,	and	immunity	were	to	become	available.	Our	results	on	Indo-
nesia	support	the	continuation	of	the	current	BCG	vaccination	programme	
and	decision-makers	in	countries	with	a	similar	TB	profile	may	consider	our	
findings	useful.	Aiming	at	reducing	and	controlling	the	TB	epidemic	in	their	
respective	 countries,	 they	 should	 engage	 in	 supporting,	 optimizing,	 and	
sustaining	TB	vaccination	programmes.

In	Chapter 4,	the	data	presented	support	the	continuation	of	vaccination,	
while	further	improving	the	coverage	of	a	timely	BCG	vaccination	through-
out	the	country	of	 Indonesia.	BCG	vaccination	at	birth,	which	shows	the	
most	beneficial	health	effects23,	 is	hardly	achieved	in	remote	rural	areas.	
We	 recommend	home	visit	 vaccination	by	healthcare	 staff	and	applying	
non-restrictive	open	vial	strategies	to	improve	timely	vaccination	coverage.	
BCG	vaccine	coverage	of	newborns	in	rural	areas	is	clearly	limited	due	to	
the	current	lack	of	visits	to	a	healthcare	facility	and	the	attitude	and	lack	of	
knowledge	of	parents	and	carers	with	respect	to	health	and	healthcare-related	
issues24.	Home	visits	may	help	to	overcome	these	barriers	to	provide	BCG	
vaccination	 in	a	timely	manner,	by	 increasing	awareness	among	parents	
and	carers	and	by	 informing	them	about	the	benefits	and	safety	of	BCG	
vaccination.	Home	visit	vaccinations	might	require	some	investments	from	
the	government,	especially	for	transportation	and	administration.	How-
ever,	this	visit	can	be	combined	with	other	healthcare	interventions,	such	
as	other	vaccination	programmes	for	newborns	or	the	postnatal	check-up.	
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Since	our	input	parameters	for	the	analysis	are	subject	to	uncertainties	and	
scarce	data	availability,	an	important	future	recommendation	is	to	update	
our	current	findings	when	further,	more	robust	evidence	emerges.

The	emergence	of	drug	resistant	TB,	both	RR	TB	and	MDR	TB,	is	worrying,	
especially	 in	 the	context	of	a	national	programme	 that	hinges	on	TB	di-
agnosis	 by	 sputum	 smear	 microscopy	 and	 not	 by	 molecular	 methods.	
Applying	molecular	methods,	 such	as	Xpert	MTB/RIF,	 for	 all	 cases	of	 TB	
would	allow	the	early	detection	of	drug	resistance19,25,26.	If	drug	resistance	
goes	undetected	for	several	months,	there	is	the	daunting	perspective	of	
treatment	failure,	with	ongoing	transmission	of	RR	TB	and	MDR	TB	in	the	
community.	Currently,	data	on	the	overall	incidence	of	TB	drug	resistance	
in	Indonesia	are	incomplete,	but	evidence	has	emerged	that	with	the	stan-
dard	diagnostic	workup,	an	important	proportion	of	cases	remains	unde-
tected27–30.	New,	shorter	treatment	strategies	are	proposed	to	improve	the	
outcomes15,17.	 Health	 economic	 studies,	 following	 published	 results	 on	
pilot	studies	and	guidelines	for	good	practice,	can	support	decision-makers	
with	the	implementation	of	the	intervention31–34.	As	shown	in	Chapter 5,	
transferring	health	economics	studies	from	outside	Indonesia	requires	ex-
tensive	 consideration	of	 the	discrepancies	on	practice	 settings	and	 local	
data,	but	provided	that	we	take	these	differences	 into	account,	 I	believe	
that	 it	 should	be	considered	a	 feasible	approach.	This	was	 reinforced	 in	
Chapter 6,	where	a	straightforward	modelling	study	was	conducted	based	
on	the	available	data	from	pilot	studies.	The	study	shows	that	the	current	
shorter	 treatments	 for	MDR	TB—in	particular,	 the	Bangladesh	and	BPaL	
regimens—are	 cost-effective	and	deserve	 to	be	 included	 in	 the	national	
TB	guidelines	of	Indonesia.	Even	though	the	shorter	treatment	strategies	
have	been	implemented	as	a	pilot	programme	in	Indonesia	since	2017,	the	
scale-up	has	so	far	been	very	slow	and	speeding	up	is	warranted35.	Since	
my	analysis	 incorporates	some	data	from	outside	settings	and	I	use	con-
servative	assumptions	to	some	input	parameters,	the	findings	should	be	
interpreted	carefully	when	the	decision-makers	prioritize	the	most	efficient	
option	in	the	setting	of	limited	healthcare	resources.	A	thorough	incremen-
tal	 analysis,	 using	 real-world	 local	 data,	 is	 preferable	when	 transitioning	
from	standard	care	to	a	more	challenging,	though	probably	more	effective,	
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option	for	treatment	or	before	expanding	eligibility	of	the	new	programme	
to	a	larger	population.

To	 summarize,	 I	 recommend	 in	my	 thesis	 that	 a	 universal	 infant	BCG	
vaccination	should	be	maintained	in	Indonesia	and	scaled	up,	in	particular	
in	remote	areas.	Universal	infant	vaccination	remains	the	most	cost-effec-
tive	strategy	for	TB	prevention	in	Indonesia	and	countries	with	a	similar	or	
comparable	TB	burden	and	healthcare	setting.	Strategies	such	as	home	visit	
vaccination	and	non-restrictive	open	vial	offerings	are	warranted	and	justify	
short-term	 investments	 to	 improve	 the	 coverage	of	timely	BCG	vaccina-
tion,	with	savings	and	health	gains	emerging	in	the	longer	term.	Yet,	a	need	
for	better	vaccines	remains,	both	concerning	effectiveness	and	durability	
of	protection.	 Shortened	 regimens	 for	MDR	TB,	 such	as	 the	Bangladesh	
and	BPaL	regimens,	should	be	considered	also	from	the	health-economic	
perspective	as	they	appeared	cost-effective	in	my	research.	Further	analyses	
incorporating	potentially	novel	emerging	evidence	from	local	as	well	as	
real-world	data	is	needed	to	continuously	update	the	findings.
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