
Introduction

	 Human	immunodeficiency	virus	(HIV)	associated	
tuberculosis	(TB)	remains	a	major	global	public	health	
challenge.	 By	 the	 end	 of	 2009,	 an	 estimated	 33.3	
million	people	were	living	with	HIV,	the	vast	majority	
in	 sub-Saharan	 Africa	 and	 Asia.	 An	 estimated	 2.6	
million	 individuals	 had	 become	 newly	 infected	 with	
HIV	 and	 1.8	 million	 had	 died	 of	AIDS	 in	 that	 year	
alone1.	TB	is	the	most	common	opportunistic	infection	
(OI)	among	HIV-infected	individuals,	and	co-infected	
individuals	 are	at	high	 risk	of	death2,3.	The	estimates	
of	the	global	burden	of	disease	caused	by	TB	in	2009	
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were	as	follows:	9.4	million	incident	cases	(range	8.9-
9.9	million),	 1.3	million	 deaths	 among	HIV-negative	
TB	 patients	 (range	 1.2-1.5	million)	 and	 0.38	million	
deaths	 among	HIV-positive	TB	 patients	 (range	 0.32-
0.45	million).	Most	TB	cases	were	 in	 the	South-East	
Asia,	 African	 and	 Western	 Pacific	 regions	 (35,	 30	
and	20%,	 respectively).	An	 estimated	11-13	per	 cent	
of	 incident	 cases	were	HIV-positive4.	TB	may	 occur	
at	any	stage	of	HIV	disease	and	is	frequently	the	first	
recognized	presentation	of	underlying	HIV	infection5,6.	
As	compared	to	people	without	HIV,	people	living	with	
HIV	(PLWH)	have	a	20-fold	higher	risk	of	developing	
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TB7	 and	 the	 risk	 continues	 to	 increase	 as	 CD4	 cell	
counts	progressively	decline5.	

	 As	a	result	of	WHO’s	3	by	5	campaign,	>6	million	
HIV-infected	 individuals	 in	 resource	 limited	 settings	
have	had	access	to	antiretroviral	therapy	(ART)	since	
20048,	though	this	is	still	far	short	of	the	actual	need.	
Although	ART	 can	 reduce	 the	 incidence	 of	TB	 both	
at	 the	 individual	 and	 population	 level,	 PLWH	 on	
ART	still	have	higher	TB	incidence	rates	and	a	higher	
risk	of	dying	 from	TB9.	This	may	be	due	 to	delayed	
initiation	 of	 ART	 or	 the	 fact	 that	 patients	 present	
with	 advanced	 TB	 or	 both10.	 Routine	 TB	 screening	
among	PLWH	offers	the	opportunity	to	identify	those	
without	TB,	prevent	TB	by	chemoprophylaxis	as	well	
as	 to	 diagnose	 and	 promptly	 treat	TB.	However,	 co-
administration	 of	 ART	 along	 with	 anti-TB	 therapy	
presents	 several	 management	 challenges,	 including	
drug-drug	interactions,	overlapping	drug	toxicities	and	
immune	reconstitution	syndrome.

	 In	this	review,	we	summarize	and	update	information	
on	the	screening,	diagnosis	and	management	of	TB	in	
HIV	infected	adults.	

Diagnosis of TB in HIV-infected individuals

Clinical screening algorithms:	The	WHO	recommends	
TB	screening	at	the	time	that	HIV	infection	is	diagnosed,	
before	 the	 initiation	 of	 antiretroviral	 therapy	 and	 at	
regular	 intervals	 during	 follow	 up11.	 Currently	 there	
is	 no	 internationally	 accepted	 evidence-based	 tool	 to	
screen	 for	TB	 in	PLWH.	Multiple	 studies	 have	 been	
conducted	 to	develop	a	simple	method	for	 ruling	out	
TB	in	people	with	HIV	infection,	but	methodological	
issues	preclude	the	use	of	any	of	these	as	the	basis	for	
global	health	policy12-14.	In	2007,	a	WHO	International	
Expert	Committee	 issued	 new	guidelines	 to	 improve	
the	diagnosis	of	TB	in	HIV	infected	individuals15.	The	
feasibility,	 accuracy	 and	 operational	 performance	 of	
these	 guidelines	 were	 tested	 in	 various	 settings	 and	
were	 found	 to	 be	 acceptable16.	 It	 was	 recommended	
that	screening	for	TB	should	include	asking	questions	
about	 a	 combination	 of	 symptoms	 rather	 than	 only	
about	chronic	cough.	A	recent	meta-analysis	evaluated	
the	 performance	 of	 individual	 and	 combinations	 of	
symptoms	 as	 screening	 rules	 for	 TB	 among	 8,148	
participants	 from	 12	 studies17.	 The	 best	 performing	
rule	 was	 the	 presence	 of	 any	 one	 of	 current	 cough,	
fever,	 night	 sweats	 or	 weight	 loss.	 The	 overall	
sensitivity	of	 this	 rule	was	79	per	cent,	 increasing	 to	
90	per	cent	in	clinical	settings	but	the	specificity	was	
only	50	per	cent.	The	negative	predictive	value	of	the	

rule	was	high	across	a	range	of	TB	disease	prevalence	
estimates	as	well	as	across	high	and	low	CD4	counts.	
The	major	 change	 to	 existing	 practice	 would	 be	 the	
replacement	of	chronic	cough	with	current	cough	as	a	
screening	question	and	the	addition	of	other	symptoms	
to	standard	screening17.	While	a	screening	 tool	needs	
to	have	high	sensitivity	and	negative	predictive	value,	
a	 diagnostic	 strategy	 should	 ideally	 have	 both	 high	
sensitivity	 and	 specificity.	 The	 screening	 tool	 could	
be	used	in	ART	clinics	to	identify	patients	eligible	for	
chemoprophylaxis	 as	 well	 as	 to	 identify	 those	 who	
need	further	investigations	for	TB.

Radiographic features:	The	spectrum	of	 radiographic	
manifestation	 of	 pulmonary	 TB	 is	 dependent	 on	 the	
relative	 level	 of	 HIV-related	 immunodeficiency18.	
During	 the	 early	 phase	 of	HIV	when	 individuals	 are	
not	 immunosuppressed,	 the	 radiographic	 pattern	 is	
similar	 to	 HIV	 uninfected	 individuals	 with	 more	
typical	lesions	-	upper	lobe	infiltrates	with	or	without	
cavities.	 With	 advancing	 immunosuppression,	 extra	
pulmonary	 involvement,	 intra-thoracic/mediastinal	
lymphadenopathy,	lower	lobe	infiltrate	and	miliary	TB	
become	more	common19.	

	 Adding	 chest	 X-ray	 to	 symptom	 screening	
increases	the	number	of	TB	cases	detected	but	is	non-
specific	and	adds	to	the	cost	of	screening.	Chest	X-ray	
can	 still	 miss	 a	 substantial	 proportion	 of	 individuals	
with	sub-clinical	disease,	often	seen	in	advanced	HIV	
immunosuppression20.	 Moreover,	 chest	 radiographs	
may	 appear	 normal	 in	 7-14%	 of	 patients	 with	 HIV/
TB18,19.	This	sub-population	of	co-infected	individuals	
is	particularly	likely	to	benefit	from	sputum	culture	or	
nucleic	acid	amplification	tests	for	TB	diagnosis.

Sputum smear microscopy:	The	most	frequent	method	
of	TB	detection	involves	microscopic	examination	of	
sputum	for	acid-fast	bacilli	(AFB)21.	Microscopy	has	
the	advantage	of	being	 inexpensive,	 relatively	 rapid	
to	 perform,	 and	 specific	 in	most	 settings.	However,	
to	 be	 considered	 smear	 positive	 a	 specimen	 needs	
to	 contain	 approximately	 105	 mycobacteria	 per	
milliliter.	 The	 sensitivity	 of	 sputum	 microscopy	 in	
HIV	 infection	 ranges	 from	 43	 to	 51	 per	 cent22,	 and	
in	many	resource-limited	settings	with	high	 rates	of	
co-infection,	 the	 sensitivity	 may	 be	 much	 lower23.	
Methods	 that	 improve	 speed	 or	 sensitivity	 include	
fluorescence	 microscopy24	 and	 alternative	 specimen	
processing	 methods,	 such	 as	 concentration,	 bleach	
sedimentation	 and	 same-day	 sputum	 collection	 (so-
called	front	loading)	strategies25-27.	Any	procedure	for	
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digestion	or	liquefaction	followed	by	centrifugation,	
prolonged	gravity	sedimentation,	or	filtration	increases	
sensitivity	by	13	to	33	per	cent	over	direct	microscopy,	
when	culture	is	used	as	the	reference	standard26.

	 Equipment	costs	limit	the	wider	use	of	fluorescence	
microscopes	 in	 resource-limited	 settings.	Alternative	
technologies	 using	 light-emitting	 diode	 bulbs	 allow	
fluorescence	 microscopes	 at	 a	 much	 lower	 cost;	
field-level	 evaluation	 showed	 promising	 results	 and	
this	 technology	 is	 now	 being	 widely	 scaled	 up28,29.	
Nevertheless,	 because	 sputum	 smear	 is	 the	 primary	
mode	 of	TB	 detection	 in	many	 resource	 constrained	
settings,	 a	 sizable	 number	 of	 smear-negative	
individuals	 often	 remain	 undiagnosed	 or	 receive	
delayed	anti-TB	therapy30.	It	is	also	important	to	note	
that	drug	susceptibility	cannot	be	ascertained	by	smear	
microscopy,	 so	 treatment	 for	 drug	 resistant	 TB	 is	
invariably	empirical.	

Growth based detection:	 Culture	 of	 Mycobacterium 
tuberculosis	 is	 much	 more	 sensitive	 than	 smear	
microscopy	 and	 has	 been	 recommended	 to	 assist	 in	
the	 diagnosis	 of	 TB	 in	 HIV-infected	 individuals31.	
Culture	also	allows	subsequent	strain	characterization	
and	drug	susceptibility	tests.	The	traditional	method	of	
inoculating	solid	medium	such	as	the	Lowenstein-Jenson	
(L-J)	 medium	 or	 Middlebrook	 medium	 is	 sensitive	
but	slow,	as	growth	may	not	be	visible	until	after	6-8	
wk	of	incubation.	This	results	in	delay	in	initiation	of	
therapy,	with	detrimental	effects	on	outcome	of	HIV-
TB	 co-infected	 patients.	 Automated	 liquid	 culture	
systems	 detect	 growth	 of	 mycobacteria	 within	 1-2	
wk	by	bacterial	carbon	dioxide	production	or	oxygen	
consumption	with	radiometric	sensors	(BACTEC	460	
TB;	Becton	Dickinson	Diagnostic	Instruments	Systems,	
USA),	 fluorescent	 sensors	 [BACTEC	 Mycobacteria	
Growth	Indicator	Tube	(MGIT)	960;	Becton	Dickinson	
Diagnostic	Instruments	Systems],	colorimetric	sensors	
(MB/	BacT	system;	Organon	Teknika),	pressure	sensors	
(ESP	culture	system	II;	Difco	Laboratories,	USA),	or	
redox	reagents,	such	as	Alamar	blue32-35.

	 Microscopic	 observation	 drug	 susceptibility	
(MODS)	assay	is	a	low	cost	non-commercial	method	
that	can	be	used	for	detection	of	microcolonies,	cord	
formation	 and	 for	 early	 detection	 of	 drug	 resistance.	
It	 appears	 to	 have	 higher	 sensitivity,	 shorter	 time	 to	
culture	positivity	and	is	more	cost	effective	than	regular	
L-J	medium36.	

	 Bacteriophage	based	assays	have	been	used	for	TB	
diagnostics	 (FASTPlaqueTB;	 Biotech	 Laboratories,	

UK).	 The	 FAST	 Plaque	 TB	 assay	 can	 detect	
mycobacteria	 in	 50-65	 per	 cent	 of	 smear	 negative	
specimens	 with	 a	 specificity	 of	 98	 per	 cent.	 These	
assays	have	relatively	high	accuracy	when	performed	
on	 culture	 isolates.	 However,	 their	 sensitivity	 in	
HIV-TB	 co-infection	 is	 low	 with	 a	 higher	 risk	 of	
contamination37.

	 There	 are	 currently	 multiple	 rapid	 diagnostic	
technologies	 under	 evaluation,	 such	 as	 recombinant	
mycobacteriophages	 (Luciferase	 reporter	 phage-
based	 test	 “Bronx-box”)38,	 and	 colorimetric	 culture	
system	 using	 TK	 medium	 culture	 system	 (Salubris,	
Inc,	MA,	USA)39.	The	introduction	of	these	rapid	and	
automated	 systems	 has	 increased	 the	 sensitivity	 of	
isolation	 of	 mycobacteria	 from	 clinical	 samples	 and	
has	brought	down	the	time	required	for	positive	culture	
substantially	(9-10	days).	Faster	culture	results	in	HIV-
infected	patients	can	result	in	faster	implementation	of	
evidence-based	therapy.		

Molecular techniques: Nucleic	 acid	 amplification	
testing	(NAAT)	provides	a	reliable	way	of	increasing	
the	 specificity	 of	 diagnosis	 (ruling	 in	 disease),	 but	
sensitivity	 is	 variable,	 especially	 in	 paucibacillary	
disease.	 Commercial	 kits	 have	 the	 advantage	 of	
being	 well	 standardized	 and	 reproducible.	 However,	
concerns	 about	 their	 accuracy,	 reliability,	 their	 high	
cost,	 requirement	 for	proper	 laboratory	 infrastructure	
and	 strict	 quality	 control	 procedures	 limit	 their	
applicability	 in	 resource-limited	 settings.	 A	 few	
modified	or	simplified	versions	of	NAAT	kits	include	
loop-mediated	 isothermal	 amplification	 (LAMP),	
fluorescence	 in-situ	 hybridization	 (FISH)	 and	 line	
probe	assays	(LPA)40.	A	recent	meta-analysis	showed	
high	 sensitivity	 (>95%)	 and	 specificity	 (100%)	 for	
LPA	when	culture	isolates	were	used41.	The	WHO	has	
endorsed	the	use	of	line	probe	assays,	which	can	detect	
both	 M. tuberculosis	 complex	 as	 well	 as	 isoniazid	
and	 rifampicin	 resistance	 on	 smear-positive	 sputum	
or	 on	 early	 positive	 growth	 on	 culture42.	 Line	 probe	
assays	 are	 being	 used	 in	 conjunction	with	 culture	 in	
the	Intermediate	Reference	Laboratories	set	up	by	the	
Revised	National	TB	Control	Programme	(RNTCP)	in	
India43.	

GeneXpert-Rif:	Recently,	 the	WHO	endorsed	 the	use	
of	 GeneXpert-Rif	 for	 the	 rapid	 diagnosis	 of	 TB	 as	
well	 as	 rifampicin	 resistance	 among	 HIV-infected	
individuals	with	clinical	suspicion	of	TB44.	GeneXpert	
is	 a	 TB-specific	 automated,	 cartridge-based	 nucleic	
acid	 amplification	 assay,	 having	 fully	 integrated	 and	
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automated	 sample	 preparation,	 amplification	 and	
detection	using	real-time	PCR,	providing	results	within	
100	 minutes.	 Clinical	 validation	 trials	 done	 in	 four	
distinctly	diverse	settings	showed	that	92.2	per	cent	of	
culture-positive	patients	were	detected	by	a	single	direct	
Xpert	MTB/RIF	test	(in	comparison	to	the	sensitivity	
of	 a	 single	direct	 smear	of	 59.5%)45.	Sensitivity	of	 a	
single	Xpert	MTB/RIF	test	in	smear-negative/culture-
positive	patients	was	72.5	per	cent	which	increased	to	
90.2	per	 cent	when	 three	 samples	were	 tested.	Xpert	
MTB/RIF	specificity	was	99	per	cent.	HIV	co-infection	
substantially	decreased	the	sensitivity	of	microscopy	(to	
47%),	but	did	not	significantly	affect	Xpert	MTB/RIF	
performance46.	 Xpert	 MTB/RIF	 detected	 rifampicin	
resistance	 with	 99.1%	 sensitivity	 and	 excluded	
resistance	with	100	per	cent	specificity47,48.	Mean	time	
to	detection was	<1	day	for	Xpert	MTB/RIF,	1	day	for	
microscopy,	 17	days	 for	 liquid	 culture	 and	>30	days	
for	 solid	culture45,46.	Thus	 this	 test	 seems	 to	have	 the	
potential	to	complement	the	current	reference	standard	
of	TB	diagnostics	 and	 increase	 its	 overall	 sensitivity	
and	speed.	Further	implementation	research	is	required	
to	determine	the	optimal	level	of	the	health	care	system	
where	this	system	can	be	cost-effectively	utilized.

Serological diagnosis of TB

(i) Detection of antibodies:	 Performance	 of	 various	
immune	based	tests	to	detect	antibodies	to	M. tuberculosis 
antigens	 has	 been	 reviewed	 extensively40,49-51.	 None	
of	 the	 existing	 commercial	 serological	 tests	 show	
adequate	sensitivity	and	specificity	to	be	recommended	
for	 diagnostic	 use.	 Interestingly,	 the	 WHO	 recently	
made	 a	 negative	 recommendation	 against	 the	 use	 of	
serological	tests	for	TB,	based	on	data	suggesting	that	
these	 tests	 could	 neither	 replace	 sputum	microscopy	
nor	 be	 used	 as	 an	 add-on	 test	 to	 rule	 out	TB52.	This	
has	been	endorsed	by	 the	RNTCP	and	 is	particularly	
relevant	in	India,	where	it	is	estimated	that	millions	of	
these	tests	are	performed	in	the	private	sector	leading	
to	a	huge	waste	of	resources53.

(ii) Detection of antigen:	Attempts	have	been	made	to	
detect	M. tuberculosis MPB-64	(TAUNS)	antigens	in	
peripheral	 blood,	 early	 secreted	 antigenic	 target	 6	 in	
the	cerebrospinal	fluid,	 lipoarabinomannan	(LAM)	in	
the	urine,	etc.	 by	ELISA–based	commercial	 assays54-
56.	Urine	LAM	assays	 tend	 to	perform	better	 in	HIV-
infected	compared	to	HIV	uninfected	TB	patients.	The	
combination	 of	 urine	 lipoarabinomannan	 testing	 and	
sputum	smear	microscopy	needs	further	evaluation	for	
use	in	settings	with	a	high	HIV	burden57.

Tuberculin skin test:	 Tuberculin	 skin	 test	 if	 positive	
provides	evidence	of	TB	infection.	Many	HIV	infected	
patients	 will	 have	 a	 negative	 skin	 test	 despite	 TB	
infection	or	disease,	due	to	anergy.	“Two	stage	or	booster	
test”	 is	 not	 a	 substitute	 to	 anergy	 testing;	 however,	
it	may	 have	 some	 utility	 in	 detecting	M.tuberculosis 
infection	 in	 anergic	 HIV-TB	 co-infected	 patients51.	
Tuberculin	skin	test	underestimates	the	prevalence	of	
latent	 tuberculosis	 in	 endemic	 countries;	 it	 requires	
trained	health	care	staff	to	correctly	perform	the	tests	
and	 accurately	 read	 the	 results,	 and	 also	 requires	 a	
second	patient	visit58.	The	test	is	neither	useful	to	rule	
in	disease	nor	in	high	TB	prevalence	settings	to	identify	
eligible	individuals	for	prophylaxis.

Other diagnostic techniques

(i). Interferon-γ release assay (IGRA):	This	test	can	be	
used	to	diagnose	latent	TB	infection	and	is	particularly	
useful	in	profoundly	ill	patients	and	those	with	severe	
malnutrition.	There	are	two	in vitro	tests	to	detect	latent	
tuberculosis:	QuantiFERON-	TB	Gold	(Cellestis,	USA)	
and	 the	T	SPOT-TB	 test	 (Oxford	 Immunotec,	USA).	
Both	 use	 an	 enzyme-	 linked	 immunospot	 assay	 to	
quantify	the	number	of	peripheral	blood	mononuclear	
cells	 producing	 IFN-	 γ	 in	 response	 to	 tuberculosis-
specific	 antigen	 stimulation	 (ESAT-6	 and	 CFP10).	
Both	 assays	 give	 objective	 results,	 with	 sensitivity	
(as	 measured	 in	 patients	 with	 active	 tuberculosis)	
comparable	to	that	of	the	tuberculin	skin	test,	but	are	
significantly	 more	 expensive59.	 IFN-γ	 assays	 do	 not	
differentiate	 between	 latent	 and	 active	 tuberculosis	
or	 between	 immune	 reconstitution	 inflammatory	
syndrome	 (IRIS)	 and	 failure.	 Studies	 suggest	 that	
IGRAs	are	ideal	for	serial	testing	because	these	can	be	
repeated	without	boosting60-62.	These	are	also	unaffected	
by	previous	BCG	vaccination	and	require	fewer	patient	
visits.	However,	WHO	recommended	against	the	use	of	
IGRAs	for	diagnosis	of	active	or	latent	TB,	in	resource-
limited	settings63.

(ii) Sensing volatile organic compounds (VOCs):	
from	 tuberculosis	 bacteria	 in	 exhaled	 air	 or	 urine	
or	 headspace	 gas	 over	 sputum	 or	 bacterial	 culture,	
measured	using	sensors	or	gas	chromatography–mass	
spectroscopy	 is	 a	 promising	 new	 technique64,65.	 A	
study	 from	 India	 compared	 the	VOCs	 present	 in	 the	
urine	of	TB	patients	with	VOCs	in	the	urine	of	healthy	
subjects,	 and	 found	 that	 infection	with	TB	 produces	
a	distinct	 pattern	of	 certain	VOCs	 in	much	 the	 same	
way	 that	 distinct	 fingerprint	 patterns	 can	 identify	
individuals65.	 Identification	 of	 these	 patterns	 sets	 the	
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stage	for	developing	a	portable	“electronic	nose”	that	
can	quickly	sniff	urine	samples	to	detect	TB.

(iii) Electronic nose devices:	 Electronic	 nose	 (EN)	
devices	 are	 an	 array	 of	 chemical	 sensors	 combined	
with	 some	 sort	 of	 pattern	 recognition	 system,	which	
are	being	investigated	to	differentiate	between	sputum	
samples	from	TB	patients	and	non-TB	patients66.	The	
function	of	an	EN	is	to	mimic	the	mammalian	olfactory	
system	 and	 produce	 a	 unique	 classification	 based	 on	
the	volatile	organic	compounds	in	sputum.

Screening for HIV among individuals with active 
TB

	 With	 regard	 to	 detecting	HIV	 among	 individuals	
with	 active	 TB,	 provider	 initiated	 HIV	 testing	 is	
recommended	for	all	TB	patients,	as	standard	of	care67.	
The	rapid	expansion	of	HIV	testing	for	TB	patients	has	
been	particularly	encouraging	in	Africa,	where	only	4	
per	cent	of	TB	patients	were	 tested	for	HIV	in	2004,	
but	by	2008	that	number	had	increased	to	45	per	cent4.	
In	a	pilot	study	of	implementation	of	provider	initiated	
HIV	testing	and	counselling	in	India,	HIV	status	was	
successfully	ascertained	for	70	per	cent	of	TB	patients	
and	this	was	found	to	be	feasible	and	acceptable68.	The	
policy	 has	 been	 rapidly	 scaled	 up	 with	 over	 60	 per	
cent	of	TB	patients	being	aware	of	their	HIV	status	in	
2011.	

Preventing TB among HIV-infected Individuals

	 The	 WHO	 currently	 recommends	 that	 all	 HIV-
infected	persons	be	screened	for	TB,	and	HIV-infected	
persons	 without	 active	 TB	 disease	 be	 evaluated	 for	
treatment	of	latent	TB	infection69.	Two	meta-analyses	
have	 shown	 that	 isoniazid	 (INH)	 taken	 daily	 for	 six	
months	 (6H)	 reduces	 the	 incidence	 of	 TB	 by	 over	
two-thirds	 among	 HIV-infected	 individuals70,71.	 The	
most	widely	recommended	regimen	for	TB	preventive	
therapy	is	isoniazid	300	mg	daily	for	6	months.	WHO	
guidelines	 (2010)	 strongly	 recommend	 the	 use	 of	
6H	regimen,	with	36H	(3	years	of	 isoniazid)	being	a	
conditional	 recommendation	 for	 countries	 to	 adopt	
depending	 on	 local	 needs	 and	 resources72.	 However,	
very	 few	 high-burden	 TB	 countries	 have	 routinely	
implemented	 isoniazid	 preventive	 therapy	 (IPT)	 for	
PLWH,	 because	 of	 concerns	 about	 how	 to	 exclude	
TB	disease,	fears	about	selection	for	INH-resistant	M. 
tuberculosis (MTB)	strains,	and	the	absence	of	public	
health	 models	 for	 how	 to	 deliver	 this	 treatment73.	
Symptom	 screening	 can	 detect	 culture-confirmed	TB	
disease	with	greater	than	90	per	cent	sensitivity	and	97	

per	cent	negative	predictive	value.	None	of	the	studies	
of	IPT	have	documented	higher	rates	of	drug-resistance	
solely	attributable	to	IPT.	Studies	from	India	and	South	
Africa	 found	 the	 6-month	 isoniazid	 regimen	 to	 be	
effective,	well	 tolerated	with	 low	 rates	of	 emergence	
of	drug	resistance74,75.	The	South	African	cohort	study,	
which	used	three	new	prophylactic	regimens,	did	not	
find	 any	 superiority	 over	 the	 control	 regimen	 of	 6	
months	of	isoniazid75.	In	contrast,	a	randomized	double-
blind,	placebo-controlled	trial	in	Botswana	found	that	
36	months	 isoniazid	 prophylaxis	 was	more	 effective	
for	 prevention	of	TB	 than	was	 6-month	 prophylaxis,	
chiefly	 benefitting	 those	 who	 were	 tuberculin	 skin	
test	positive	and	those	 initiating	ART76.	The	National	
AIDS	 Control	 Organization	 (NACO)	 intends	 to	 test	
the	 effectiveness	 and	 feasibility	 of	 the	 WHO	 IPT	
guidelines	in	ART	clinics	as	a	precursor	for	adopting	
this	recommendation77.

Treatment of TB and HIV in co-infected 
individuals

	 The	 basic	 principles	 of	 treatment	 for	 HIV-
associated	 TB	 are	 the	 same	 as	 for	 HIV	 uninfected	
individuals.	 Certain	 areas	 of	 uncertainty	 remain,	
including	the	regimen	duration,	dosage	and	frequency	
of	administration	of	anti-TB	drugs,	optimal	timing	of	
initiation	of	ART	and	optimal	anti-TB	drug	combination	
for	patients	on	second	line	treatment.

(i) Anti-TB therapy:	 Currently,	 standard	 therapy	
consists	 of	 four	 drugs	 in	 the	 intensive	 phase	 for	
2	 months	 namely	 isoniazid	 (H),	 rifampicin	 (R),	
pyrazinamide	 (Z)	 and	 ethambutol	 (E)	 followed	by	H	
and	 R	 in	 the	 continuation	 phase	 of	 four	 months.	 In	
India,	under	RNTCP,	a	fully	intermittent	thrice-weekly	
regimen	Category	I	(2EHRZ3/4HR3)	is	recommended	
for	 newly	 diagnosed	TB.	This	 regimen	 is	 reinforced	
with	streptomycin	(Sm)	in	the	intensive	phase	and	the	
total	duration	increased	to	eight	months	for	retreatment	
cases	 -	 Category	 II	 (2EHRZS3/1EHRZ3/5EHR3)78.	
Rifampicin	plays	a	key	role	 in	 the	 treatment	of	HIV-
associated	 TB	 because	 of	 its	 ability	 to	 destroy	 both	
intracellular	 and	 intermittently	 and	 slowly	 growing	
TB	 bacilli.	 Non-rifampicin	 containing	 regimens	 are	
associated	 with	 inferior	 cure	 rates	 and	 prolong	 the	
period	of	treatment79.	A	meta-analysis	on	the	duration	
of	rifampicin	showed	that	recurrences	were	2-3	times	
higher	if	rifampicin	use	was	restricted	to	2	months80.

	 For	a	long	time,	it	was	believed	that	longer	regimens	
could	 potentially	 improve	 TB	 outcomes	 in	 HIV	
infected	individuals.	To	determine	the	optimal	duration	
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of	 treatment,	 we	 conducted	 a	 randomized	 controlled	
clinical	 trial	 in	 the	 pre-HAART	 era,	 comparing	 the	
standard	RNTCP	 6	months	 regimen	 (2EHRZ3/4HR3)	
with	a	9	month	extended	continuation	phase	regimen	
(2EHRZ3/7HR3).	It	was	found	that	extension	to	9	months	
did	not	 improve	 the	outcome	at	 the	end	of	 treatment	
but	 bacteriological	 recurrences	 were	 significantly	
reduced	 during	 follow	 up.	 Irrespective	 of	 the	 length	
of	 the	 regimen,	 acquired	 rifampicin	 resistance	 was	
high	among	failures	in	the	absence	of	ART81.	Various	
studies	have	 shown	 that	 there	 is	 an	 increased	 risk	of	
failure	 with	 high	 probability	 of	 acquired	 rifampicin	
resistance,	 especially	 in	 ART	 naïve	 individuals	
receiving	intermittent	regimens80,82,83.	This	in	addition	
to	high	recurrence	among	HIV-infected	TB	patients	led	
WHO	to	recommend	that	daily	TB	regimens	(at	least	
in	 the	 initial	 intensive	 phase)	 should	 be	 preferred	 to	
intermittent	regimens	among	HIV-infected	TB	patients84.	
Review	of	the	primary	evidence	indicates	very	limited,	
low-quality	information	on	intermittency,	mostly	from	
observational	 studies	 in	 the	 pre-antiretroviral	 era.	
DNA	fingerprinting	studies	in	India	indicate	that	most	
of	 the	 recurrences	 and	many	 of	 the	 failures	 resulted	
from	exogenous	re-infection,	indicating	poor	infection	
control	 and	high	 transmission,	 and	not	 poor	 regimen	
efficacy85.	 Concurrent	ART	 during	TB	 treatment	 can	
turn	 the	 tide	 with	 high	 treatment	 success	 rates	 and	
low	fatality,	failure	and	recurrence	rates.	A	subsequent	
trial	 conducted	 at	 the	 Tuberculosis	 Research	 Centre,	
Chennai,	India	(now	National	Institute	for	Research	in	
Tuberculosis)	 compared	 the	 efficacy	of	 two	different	
once-daily	ART	 regimens	 co-administered	 with	ATT	
and	found	that	the	favourable	outcome	to	TB	treatment	
had	 increased	 to	 93	 from	83	 per	 cent	 supporting	 the	
fact	 that	ART	 is	 important	 for	 a	 favourable	 response	
to	 ATT86.	 Treatment	 outcomes	 among	 HIV-infected	
TB	patients	treated	in	the	programme	show	low	failure	
rates,	 but	 high	 case-fatality	 associated	 with	 lack	 of	
access	to	ART.	

	 A	 recent	meta-analysis	 on	 the	 treatment	 of	HIV-
associated	 TB,	 addressing	 the	 three	 key	 issues	 of	
dosing	 schedule,	 duration	 of	 therapy	 and	 influence	
of	ART	 concluded	 that	 relapses	were	more	 common	
with	regimens	using	rifampicin	for	less	than	2	months,	
thrice-weekly	 regimens	 were	 associated	 with	 more	
failures	 and	 greater	 relapses	 and	 that	 ART	 reduced	
failures	and	relapses	considerably.	The	main	limitation	
of	 this	meta-	 analysis	was	 the	 paucity	 of	 adequately	
powered	randomized	 trials	 in	HIV-TB	addressing	 the	
issue	of	dosing	schedule87.	Given	the	poor	evidence	for	

change	and	operational	advantages	of	an	 intermittent	
regimen,	 this	 recommendation	 has	 not	 yet	 been	
implemented	by	large	Asian	countries	including	India	
and	 China	 until	 more	 evidence	 is	 generated	 through	
randomized	 controlled	 trials	 (RCT)	 to	 answer	 basic	
questions	 of	 schedule	 and	 duration	 of	 TB	 treatment	
among	 PLWH88.	 The	National	 Institute	 for	 Research	
in	Tuberculosis,	Chennai,	 is	currently	addressing	 this	
issue	through	a	RCT	comparing	daily	vs.	intermittent	
ATT	in	HIV-associated	TB.

(ii) Anti-retroviral therapy:	The	WHO	guidelines	for	
management	of	HIV-infected	TB	patients	in	resource-	
limited	 settings	 recommend	 a	 combination	 of	 two	
nucleoside	 reverse	 transcriptase	 inhibitors	 (NRTIs)	
along	with	one	non-nucleoside	 reverse	 transcriptase	
inhibitor	(NNRTI)	for	first	line	therapy89.	In	India,	the	
NACO	recommends	a	regimen	containing	zidovudine	
or	 stavudine	 along	with	 lamivudine	 and	 efavirenz90.	
Rifamycins	induce	the	cytochrome	CYP-450	enzyme	
system	 in	 the	 liver	 and	 intestinal	 wall,	 thereby	
increasing	the	metabolism	of	protease	inhibitors	(PIs)	
and	 NNRTIs91.	 The	 effect	 is	 weaker	 with	 rifabutin	
than	with	rifampin.	Rifampin	is	metabolized	through	
deacetylation	 and	 is	 not	 itself	 affected	by	 the	CYP-
3A	system.	When	rifampicin	and	some	antiretroviral	
drugs	are	given	 together,	decreased	 trough	 levels	of	
the	 latter	may	 result,	 leading	 to	 therapeutic	 failure.	
Nevirapine	 levels	 are	 reduced	 by	 about	 40–55	 per	
cent,	efavirenz	by	18-25	per	cent,	delavaridine	by	96	
per	cent	and	most	PIs	by	80-90	per	cent92.	It	has	been	
suggested	 that	 the	dose	of	efavirenz	be	 increased	 to	
800	mg	when	administered	along	with	rifampicin,	but	
this	may	not	be	necessary	 in	subjects	weighing	<50	
kg93.	Many	studies	have	shown	excellent	virological	
and	 clinical	 outcomes	 with	 the	 use	 of	 efavirenz	
600	 mg	 along	 with	ATT.	 In	 India,	 efavirenz	 is	 the	
preferred	 NNRTI	 for	 use	 in	 HIV-TB	 co-infected	
individuals	 at	 the	 standard	 dose	 of	 600	 mg	 once-
daily90.	However,	 in	patients	who	cannot	 tolerate	or	
have	 contraindications	 to	 efavirenz	 (e.g.	 psychiatric	
disturbances,	 pregnancy),	 a	 triple	 NRTI	 regimen	 or	
a	 combination	of	 two	NRTIs	 and	nevirapine	 can	be	
used.	While	once-daily	nevirapine	was	 shown	 to	be	
inferior	 to	 efavirenz,	with	 higher	 virological	 failure	
and	mortality	rates,	this	was	probably	due	to	the	sub-
therapeutic	levels	achieved	during	the	lead-in	period,	
in	 a	 situation	 of	 induced	 liver	 enzymes	 leading	 to	
faster	metabolism	of	 nevirapine86.	Manosuthi	et al94 
demonstrated	 comparable	 efficacy	 with	 ATT	 and	
concomitantly	 administered	 twice-daily	 NVP	 and	
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efavirenz. In	 their	study	comparing	plasma	 levels	of	
NVP	and	treatment	outcomes	between	patients	treated	
with	 rifampicin	 based	 and	 non-rifampicin	 based	
regimens,	 the	 level	 of	 NVP	was	 low	 in	 the	 former	
compared	to	non-rifampicin	containing	regimens	but	
the	 virological	 and	 immunological	 outcomes	 were	
similar95.	An	alternate	strategy	is	to	modify	the	anti-
TB	regimen	with	rifabutin	replacing	rifampicin	-	the	
dose	of	rifabutin	recommended	is	300	mg	OD	twice/
thrice-weekly	with	nevirapine	based	ART91.

	 Many	 countries	 are	 now	 rolling	 out	 PI-based	
second	line	regimens	for	patients	with	first	line	therapy	
failure89.	 Rifampicin	 markedly	 reduces	 the	 level	 of	
unboosted	 PIs	 and	 hence	 is	 not	 recommended	 with	
nelfinavir,	 indinavir	 and	 atazanavir	 without	 boosting	
with	ritonavir.	High	doses	of	ritonavir	can	be	used	with	
rifampicin	but	at	the	expense	of	increased	hepatotoxicity.	
Recommended	doses	of	PIs	to	be	used	with	rifampicin	
include	lopinavir/ritonavir	at	400/400mg	or	saquinavir/
ritonavir	at	1000/100	mg	BID.	Alternatively,	rifabutin	
which	has	 less	 interaction	with	PIs	can	be	used	with	
dose	modification.	Rifabutin	is	usually	given	at	a	dose	
of	300	mg	daily	and	this	remains	the	same	with	NRTIs	
and	saquinavir.	The	dose	needs	to	be	increased	to	450-
600	mg	daily	with	EFV	while	it	should	be	decreased	to	
150	mg	 thrice-weekly	with	amprenavir,	 ritonavir	and	
lopinavir/ritonavir.	 87	 Rifabutin	 is	 contraindicated	 in	
leucopenia	and	thrombocytopenia	while	high	doses	are	
known	to	cause	uveitis.	The	PI	currently	recommended	
with	 rifabutin	based	ATT	 is	 lopinavir/ritonavir	 at	 the	
standard	dose	of	400/100	mg	BID	while	the	dosage	of	
atazanavir/ritonavir	is	currently	unknown.

(iii) Timing of ART & concomitant administration with 
ATT:	 It	 is	 currently	 recommended	 that	 HIV-infected	
individuals	with	TB	receive	prompt	treatment	for	both	
diseases,	 irrespective	 of	 CD4+	T	 cell	 count,	 but	 the	
optimal	 /ideal	 timing	 of	ART	 is	 still	 under	 debate89.	
The	 advantages	 of	 early	 ART	 include	 reduction	 in	
early	mortality,	 improvement	 in	 cure	 rates,	 reduction	
in	 relapses,	 reduction	 in	 malabsorption	 secondarily	
preventing	 drug	 resistance	 to	ATT	 and	 reduction	 in		
incidence	of	HIV-associated	 	opportunistic	 infections	
other	than	TB.	The	disadvantages	include	cumulative	
toxicity,	 drug	 interactions	 of	 ART	 with	 rifampicin,	
limiting	 the	 choice	 of	 combinations	 and	 immune	
reconstitution	 inflammatory	 syndrome	 (IRIS).	 These	
can	have	an	adverse	effect	on	the	long	term	adherence	
required	for	the	lifelong	therapy	of	ART.	The	significant	
toxicities	of	the	two	classes	of	drugs	are	mentioned	in	
Table	I.

	 Evidence	from	randomized	controlled	trials	shows	
that	 early	 initiation	 of	 ART	 during	 TB	 treatment	 is	
associated	with	 reduced	mortality	 rates,	 especially	 in	
patients	with	profound	 immunosuppression	 (CD4<50	
cells/μl).	The	CAMELIA	trial	conducted	in	Cambodia	
(median	CD4	count	25	cells/μl)	showed	that	mortality	
was	reduced	by	34	per	cent		when	ART	was	initiated	
two	weeks	vs.	eight	weeks	after	onset	of	TB	treatment96.	
The	 STRIDE	 and	 SAPIT	 trials	 similarly	 observed	
lower	deaths	and	AIDS-related	events	with	combined	
and	earlier	ART	and	TB	 treatment,	especially	among	
people	 with	 CD4	 count	 <50	 cells/μl97,98.	 Based	 on	
these	 three	 trials,	 it	 is	 believed	 that	ART	 should	 be	
started	as	a	matter	of	emergency	 in	TB	patients	with	
CD4	 less	 than	50	cells/μl	and	as	early	as	possible	 in	
the	remaining	cases.	Caution	is	needed	in	people	living	
with	HIV	with	TB	meningitis	as	immediate	ART	was	
significantly	 associated	 with	 more	 severe	 adverse	
events	when	compared	to	initiation	of	ART	two	months	
after	the	start	of	TB	treatment	without	survival	benefit99.	
Our	 approach	 is	 to	 initiate	ART	within	 the	 first	 few	
weeks	 as	 soon	 as	 TB	 treatment	 is	 tolerated	 and	 the	
patient	is	stable,	after	treatment	of	active	opportunistic	
infections.	Table	 II	 gives	 the	 results	 of	 the	 available	
studies	on	timing	of	ART.

Tuberculosis immune reconstitution inflammatory 
syndrome (TB-IRIS)

	 Transient	 worsening	 of	 symptoms	 and	 signs	 of	
tuberculosis	 or	 radiological	 deterioration	 after	 the	
initiation	 of	 ART,	 despite	 a	 reduction	 in	 HIV	 load	
(>1	 log10	 copies/μl)	 and	 immunological	 recovery,	 is	
known	 as	 IRIS.	 Consensus	 case	 definitions	 for	 TB-
IRIS	have	recently	been	published	by	the	International	
Network	 for	 the	 Study	 of	 HIV-associated	 IRIS	
(INSHI)102.	 Drug	 resistance	 and	 other	 opportunistic	
infections	need	 to	be	 ruled	out	before	 a	diagnosis	of	
IRIS	 is	 made.	 Hypercalcaemia	 is	 a	 unique	 feature	
of	 tuberculosis	 IRIS103.	 There	 are	 two	 types	 of	 IRIS	
presentation:	 unmasking	 of	 undiagnosed	 tuberculosis	
and	a	paradoxical	deterioration	of	existing	tuberculosis	
lesions	 or	 appearance	 of	 new	 lesions	 after	 initial	
improvement	(Fig.A-F).	Manifestations	of	IRIS	include	
fever,	lymph	node	enlargement,	worsening	respiratory	
symptoms	and	signs,	cold	abscess,	psoas	abscesses,	and	
worsening	central	nervous	system	lesions	(tuberculoma	
and	 meningitis)103,104.	 The	 incidence	 of	 tuberculosis	
IRIS	ranges	from	8	to	43	per	cent	and	it	can	usually	be	
managed	by	anti-inflammatory	drugs	and	steroids,	with	
death	being	a	rare	outcome	and	associated	mostly	with	
CNS	IRIS105,110.	Rarely,	termination	of	ART	is	required.	
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Table I. Adverse	drug	reactions	with	anti-TB	(ATT)	and	antiretroviral	(ART)	drugs

S.	No. Toxicity ATT ART

1.	 Hepatotoxicity
Isolated	hyperbilirubinaemiaa.	
Transaminitis	with	or	without	jaundiceb.	

-
ATT	except	Emb,	Sm,	Of

IDV,ATV
ART	except	3TC,	ABC

2. Neurological					
Peripheral	neuropathya.	
Giddiness	and	vertigob.	
Convulsionsc.	
Circumoral	paraesthesiad.	

INH,	Emb,	Eto
Aminoglycosides
INH,	Y
Sm

ddI,	D4T,	ABC
EFV
-
Amprenavir,	RTV

3.	 Psychiatric	(“hangover”)
Depressiona.	
Memory	loss,	Psychosisb.	

Y
Y,	INH

EFV
EFV

4. Gastrointestinal
Nausea,	Vomitinga.	
Pancreatitisb.	
Diarrhoeac.	

Eto,	INH,	PZA,	RMP
-
-

ZDV,	ABC,	TDF,	ddI,	PIs
ddI,	d4T
PIs

5. Lactic	acidosis - ZDV,	d4T,TDF

6.	 Cutaneous
Rasha.	
Exfoliative	dermatitisb.	
Acniform	eruptionsc.	
hyperpigmentationd.	

INH,	RMP,	Eto,PZA,	
Aminoglycosides
RMP
-

NVP,	ABC,	EFV
NVP,ABC
-
ZDV

7. Haematological
						a.	Anaemia
						b.	Leukopenia	(neutropenia)
						c.	Thrombocytopenia

-
-
RMP

ZDV
ZDV,	3TC
-

8. Musculoskeletal
CPK	elevationa.	
Hyperuricaemia	/	Goutb.	
Hypophosphataemia	c.	
Myalgia	/	arthralgia/arthropathy	d.	

-
PZA,	Emb
-
RMP,PZA,Quinolones

ZDV,	SQV
-
TDF
ZDV,	ABC,	RTV,	NFV

9. Renal
Acute	renal	failurea.	
Nephrolithiasisb.	
Fanconi’s	syndromec.	

RMP,	Aminoglycosides
-
-

-
IDV
TDF

10. Endocrine
Insulin	resistant/Diabetes	mellitus	and	lipid	a.	
abnormalities
Lipodystrophyb.	
Thyroidc.	

-

-
PAS,	Eto

PIs,	d4T,	ABC

D4T,	ZDV
-

12. Miscellaneous
Flu-like	syndromea.	
Retrobulbar	neuritisb.	
Vestibular	&	auditory	nerve	damagec.	
Gynaecomastiad.	

RMP(	intermittent)
EMB
Aminoglycosides
INH,

-
-
-
EFZ,	ddI

ATT,	emb-ethambutol;	Eto,	ethionamide;	INH,	isoniazid;	Of,	ofloxacin;	PAS,	para	amino	salicylic	acid;	PZA,	pyrazinamide;	RMP,	rifampicin;	
Sm,	streptomycin;	Y,	cycloserine.	ART-ATV,	atazanavir;	ABC,	abacavir;	ddI,	didanosine;	d4T,	stavudine;	EFV,	efavirenz;	IDV,	indinavir;	
NVP,	nevirapine;	NFV,	nelfinavir;	PI,	protease	inhibitor;	SQV,	saquinavir;	RTV,	ritonavir;	TDF,	tenofovir;	ZDV,	zidovudine
Source:	Refs	6,	89,	90,	92,	96
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Risk	 factors	 for	 IRIS	 include	 lower	CD4	 cell	 count,	
higher	viral	load	at	start	of	treatment,	rapidity	of	viral	
load	decline;	bacillary	and	antigen	load	(disseminated	
tuberculosis)	 at	 initiation,	 starting	highly	 active	ART	
closer	 to	 starting	 ATT,	 and	 genetic	 predisposition	
(HLA	 B-44)111-113.	 Although	 the	 pathophysiology	 of	
IRIS	is	incompletely	understood,	it	is	associated	with	
an	exuberant	production	of	cytokines,	such	as	IFN-γ	or	
a	lack	of	inhibitory	immune	responses114.

Anti-TB drug resistance in HIV

	 There	are	limited	data	on	TB	drug	resistance	from	
India.	In	a	study	conducted	among	HIV/TB	patients	in	
Tamil	Nadu,	the	prevalence	of	drug	resistance	among	
patients	with	no	history	of	previous	treatment	was	13.2	
per	cent	to	INH,	2.4	per	cent	to	EMB,	7.8	per	cent	to	SM	
and	4.2	per	cent	to	RMP,	either	alone	or	in	combination	
with	other	anti-tuberculosis	drugs115.	A	smaller	cohort	
study	 revealed	 that	 the	 prevalence	 of	 drug	 resistant	
M. tuberculosis	 isolates	 among	 HIV	 seropositive	
tuberculosis	 patients	 was	 similar	 to	 that	 of	 HIV	
seronegative	TB	patients,	indicating	that	HIV	infection	
may	not	be	associated	with	drug	resistant	tuberculosis116.	
The	data	from	most	HIV-endemic	countries	show	that	
the	 prevalence	 of	 multidrug-resistant	 tuberculosis	

in HIV	 is	 similar	 to	 that	 in	 the	 general	 population;	
however,	 localized	 mini-epidemics	 tend	 to	 occur	 in	
settings	 where	 there	 is	 close	 congregation	 of	 HIV-
infected	 persons.	As	 individuals	 with	 HIV	 infection	
are	 more	 susceptible	 to	 new	 infections,	 the	 higher	
prevalence	of	MDR-TB	in	HIV	co-infected	persons	in	
some	settings	could	indicate	more	recent	transmission	
of	 drug-resistant	 strains,	 compared	 to	 reactivation	 of	
infection	acquired	 in	 the	distant	past	 in	 the	non-HIV	
infected	population.	Although	multidrug-resistant	TB	
appears	not	to	cause	infection	or	disease	more	readily	
than	 drug-susceptible	 TB	 in	 HIV	 infected	 persons,	
delayed	 diagnosis,	 inadequate	 initial	 treatment,	 and	
prolonged	infectiousness	contribute	to	increased	attack	
rates	among	contacts	and	high	case	fatality	rates	among	
patients117.

	 At	 least	 four	 effective	 drugs	 -	 including	 a	
fluoroquinolone,	 an	 injectable	 agent	 (capreomycin,	
kanamycin,	or	amikacin)	and	at	least	two	agents	from	
the	 remaining	 second-line	 anti-tuberculosis	 drug	
classes	 (cycloserine,	 thioamides	 like	 ethionamide	 or	
prothionamide,	and	p-aminosalicyclic	acid)-	along	with	
pyrazinamide	and	EMB,	if	still	sensitive,	should	be	used.	
Therapy	may	 be	 individualized	 on	 the	 basis	 of	 drug	
susceptibility	test	results;	however,	many	countries	use	

Fig.	 Types	 of	 IRIS:	 A,	 B	 and	 C	 shows	 unmasking	 IRIS;	 D,	 E,	 F	 shows	 paradoxical	 IRIS.	 
(A)	Asymptomatic	patient	when	started	on	ART;	(B)	developed	miliary	TB	after	ART	–unmasking	
reaction;	(C)	After	ATT	showing	resolution;	(D)	Patient	with	miliary	TB	at	baseline;	(E)	After	1	
month	of	ATT	treatment;	(F)	After	ART	showing	flare	up	of	lesion	(paradoxical	reaction).
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Table II. Studies	on	timing	of	ART	in	HIV-infected	TB	patients	on	antituberculosis	therapy

Name	of	the	
study,	Country

Primary	
objective

Secondary	
objectives

Type	of	TB	
in	cohort

ART	regimen	
used	with	ATT

Treatment	
arms

Follow	
up	in	
months

Sample	
size

Salient	features	
and	status	if	
ongoing

WHO	TB-
HAART	study, 
Onyebujoh100

TB	
treatment	
outcomes	
at	6	month	
in	HIV-
infected	
patients	
with	CD4	
count	
between	
220-500	
cells/μl

Treatment	failure,	
relapse	or	death	
evaluated	at	24	
months	after	
TB	treatment	
initiation	,	safety	
and	tolerability	of	
concomitant	ART

New	TB	
cases	–	
smear	and	
culture	
positive

Zidovudine,	
Lamivudine,	
Efavirenz

Arm2:	ATT+	
ART	(as	early	
as	possible	
after	2	wk)
Arm2:	ATT	
+	placebo	
followed	after	
6	months	with	
ART

24 1900 recruiting
2014

Camelia	study
Blanc	FX
Cambodia97

Survival	
rate

		Safety,	IRIS,	
Occurrence	of	
opportunistic	
infection,	TB	and	
ART	outcomes,	
adherence,	PK	of	
EFZ	

positive	
on	smear	
(sputum,	
LN,	CSF,	
pleural	
fluid,	stool)

Stavudine,	
Lamivudine	and	
Efavirenz	

Arm	1:	Early	
ART	within	
2	weeks,																																																						
Arm	2:	Late	
ART-after	2	
months	

12 660 Mortality	
was	13.8%	in	
the	late	arm	
compared	to	
8.28	in	the	early	
arm,	P=0.02.	
IRIS	was	2.5	
fold	more	in	the	
early	arm.	

ACTG	5221,	
Multinational98 

Survival	
without	
progression	
to	AIDS	

NA confirmed	
or	probable	
TB		

Efavirenz,		
Emtricitabine,	
Tenofovir

Arm	1:	Early	
ART-within	
2	weeks,																																																						
Arm	2:	Late	
ART-after	2	
months	

12 800 Overall,	
there	was	no	
significant	
difference	in	
mortality	but	
in	patients	
with	CD4<	50	
cells/µl,	lower	
incidence	of	
deaths	in	the	
early	arm	(15.5	
vs.	26.6%,	
p=0.02)

THIRST,																				
Tanzania	97

Feasibility	
and	safety	
of	FDC	of	
ART	with	
ATT

IRIS Probable	
TB

Zidovudine,	
Lamivudine,	
Abacavir.

Arm1:	Early	
ART-within	
2	weeks,																																																						
Arm2	:	
Late	ART-8	
weeks	after	
commencing	
ATT	

15 70 Early	ART	was	
well	tolerated	
by	HIV	
co-infected	
subjects	with	
a	low	risk	
of	immune	
reconstitution	
syndromes,	
more	adverse	
events	
necessitate		
regimen	
switches	with	
early	ART.	

Contd...
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Name	of	the	
study,	Country

Primary	
objective

Secondary	
objectives

Type	of	TB	
in	cohort

ART	regimen	
used	with	ATT

Treatment	
arms

Follow	
up	in	
months

Sample	
size

Salient	features	
and	status	if	
ongoing

SAPIT		trial	94 
Karim	S	A	
South	Africa

Incidence	
of	
progression	
to	AIDS
defining	
illness	and	
mortality

CD4,	VL,	
opportunistic	
infections

Smear	
positive	
PTB

Didanosine,	
Lamivudine,	
Efavirenz	

Integrated	Arm
Arm1:	Early	
ART-within	2	
weeks	of	ATT																																																			
Arm2:	at	end	
of	intensive	
phase																															
Arm	3:	 
6-8	months	
after	ATT		
completed	
(stopped	
prematurely	
due	to	
increased	
mortality)

18 700 Initiation	of	
ART	during	TB	
therapy	reduced	
mortality	
significantly	
by	56%.	IRIS	
incidence	was	
12.4%	in	the	
integrated	arm	
vs	3.4%	in	the	
sequential	arm	
but	there	were	
no	deaths	due	
to	IRIS

LN,	lymph	node;	CSF,	cerebro	spinal	fluid;	NA,	not	applicable;	FDC,	fixed	drug	combination;	VL,	viral	load;	PTB,	pulmonary	tuberculosis

Table II (contd.). Studies	on	timing	of	ART	in	HIV-infected	TB	patients	on	antituberculosis	therapy

standardized	 regimens	 that	 are	 based	on	 surveillance	
of	antituberculosis	drug	resistance	in	the	community117.	
DOTS	 plus	 regimen	 is	 currently	 followed	 in	 India	
comprising	of	kanamycin,	 levofloxacin,	 ethionamide,	
cycloserine,	 ethambutol,	 and	 pyrazinamide	 given	
for	 a	 period	 of	 6-9	 months	 daily	 in	 the	 intensive	
phase	 followed	 by	 all	 drugs	 except	 kanamycin	 and	
pyrazinamide	 during	 the	 continuation	 phase	 of	 18	
months,	with	dosages	prescribed	for	3	weight	bands115.	
Shorter	regimens	and	newer	drugs	are	being	tested	but	
conclusive	evidence	is	still	to	emerge.	Extensively	drug-
resistant	tuberculosis	(XDRTB)	is	defined	as	multidrug-
resistant	TB	plus	resistance	to	any	fluoroquinolone	and	
one	of	the	second-line	antituberculosis	injectable	agents	
(kanamycin,	 amikacin,	 or	 capreomycin).	 Treatment	
options	 are	 extremely	 limited	 and	 challenging,	 with	
high	frequencies	of	adverse	events	and	death118.

TB-HIV co-ordination activities 

	 In	2007,	approximately	5	per	cent	of	all	diagnosed	
TB	 cases	 in	 India	 came	 from	 Integrated	 Counselling	
and	Testing	Centres	(ICTCs),	demonstrating	that	these	
are	excellent	sites	for	active	TB	case	finding1.	Further,	
the	 yield	 of	 cases	 was	 similar	 (approximately	 20%)	
from	HIV	 infected	 and	 uninfected	 clients.	One	 of	 the	
programmatic	 limitations	 encountered	 is	 the	 lack	 of	
investigations	 for	 extrapulmonary	 TB	 at	 peripheral	
health	 facilities;	 another	 is	 the	 distance	 between	
Designated	Microscopy	Centres	(DMCs)	and	ICTCs	in	
some	districts.	The	system	works	much	better	when	both	

are	 located	 at	 the	 same	 site.	 In	 a	 pilot	 study	 on	 4000	
TB	 patients	 in	 two	 districts	 of	 Tamil	 Nadu,	 India,	 it	
was	demonstrated	that	over	 two-thirds	were	willing	to	
undergo	an	HIV	test	and	the	major	barrier	to	acceptance	
was	patients	not	perceiving	themselves	to	be	at	risk119.	If	
patients	are	counselled	and	explained	the	importance	of	
having	an	HIV	test,	when	they	are	diagnosed	with	TB,	
most	will	accept	the	test.	Provider-initiated	HIV	testing	
and	counselling	(PITC)	is	internationally	recommended	
for	TB	patients;	the	feasibility,	effectiveness,	and	impact	
of	this	policy	on	the	TB	programme	were	evaluated	in	
a	 study	 across	 two	 districts	 in	 south	 India	 considered	
to	 have	 generalized	 HIV	 epidemics,	 Tiruchirappalli	
(population	2.5	million)71	 and	Mysore	 (population	2.8	
million).	With	implementation	of	PITC,	HIV	status	was	
successfully	ascertained	for	70	per	cent	of	TB	patients.	
Previously	undiagnosed	HIV-infection	was	detected	in	
6.4	per	cent	of	those	TB	patients	newly	tested,	enabling	
referral	 for	 lifesaving	 anti-retroviral	 treatment.	 ART	
uptake,	 however,	 was	 poor,	 suggesting	 that	 PITC	
implementation	should	 include	measures	 to	strengthen	
and	 support	ART	 referral,	 evaluation,	 and	 initiation68.	
With	increasing	availability	of	ART	across	the	country,	
diagnosis	of	HIV	is	beneficial	to	the	individual	as	he/she	
can	be	referred	to	the	nearest	ART	centre	for	evaluation	
and	initiation	of	antiretroviral	treatment,	if	indicated.	TB	
clinics,	therefore,	form	an	important	entry	point	for	HIV	
diagnosis,	care	and	support.	Co-ordination	and	cross-talk	
between	these	two	government	health	programmes	are	
crucial	not	only	to	improve	the	outcome	of	HIV-infected	
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TB	patients	but	also	to	control	the	burden	of	tuberculosis	
in	India.

	 It	 is	concluded	that	 the	HIV	pandemic	presents	a	
massive	challenge	to	global	TB	control.	The	prevention	
of	HIV	and	TB,	the	extension	of	WHO	DOTS	programs,	
and	a	focused	effort	to	control	HIV-related	TB	in	areas	
of	high	HIV	prevalence	are	matters	of	great	urgency.
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