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Introduction	:

	 Tuberculosis	is	the	commonest	infectious	disease	

caused	 by	 Mycobacterium	 tuberculosis	 complex	

worldwide.	Worldwide,	TB	is	one	of	the	top	10	causes	

of	death	and	the	leading	cause	from	a	single	infectious	

agent	(above	HIV/AIDS).	Millions	of	people	continue	

to	 fall	 sick	 with	 TB	 each	 year.	 According	 to	 global	

tuberculosis	2018	 	WHO	reports	 ,	100	 lakhs	newly	
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detected	 cases	 and	 13	 lakhs	 death	 due	 to	
[1]

tuberculosis. 	It	is	estimated	that	approximately	70	

million	people	die	from	tuberculosis	within	20	years	

and	 it	 is	 because	 of	 inadequate	 measures	 for	 TB	
[2]control. 	 Standard	 sputum	 based	 diagnostic	

methods	 to	 detect	 pulmonary	 tuberculosis	 include	

sputum	 microscopy	 and	 culture	 .	 However	 in	 Key	

population	 like	 	 PLHIV	 ,	 Paediatric	 patients	 and	

extrapulmonary	 	 infection	 due	 to	 paucibacillary	
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condition	 of	mycobacterial	 Tb	 ,	microscopy	 is	 very	

less	sensitive	and	specific	diagnostic	tool.

	 To	overcome	these	problems,	sputum	culture	and	

sensitivity	for	Mycobacterial	Tb	can	be	used	but	this	

technique	is	usually	takes	4	to	8	weeks	,	and	not	cost	

effective	for	screening	purpose.	This	delays	initiation	

of	anti-tuberculosis	treatment	leads	to	transmission	

of	Tb	in	the	community	and	increase	risk	of	spread	of	

pulmonary	 Tb	 to	 extrapulmonary	 site.	 CBNAAT	 is	

automated	cartridge	based	nucleic	acid	amplification	

test	 assay,	 having	 integrated	 and	 automated	

amplification	 and	 detection	 using	 real	 time	 PCR,	

provide	result	within	2	hours.	It	is	highly	specific	test	

as	it	uses	5	unique	molecular	probes	to	target	rpoB	

gene	of	M.	Tuberculosis	which	detect	M.	Tuberculosis	

and	rifampicin	resistance.	

	 Diagnosis	is	often	difficult	because	of	low	number	

of	bacilli	and	scanty	sputum	production	due	to	lack	of	

caseous	necrosis	in	PLHIV,	Difficult	to	collect	sputum	

sample	in	children	and	collection	of	extrapulmonry	

sample	is	the	major	challeng

Objective	:

This	study	was	carried	out	to	evaluate	role	of	CBNAAT	

in	early	diagnosis	of	TB	and	rifampicin	resistance	in	

key	 population	 like	 PLHIV,	 Paediatric	 and	 extra	

pulmonary	samples	.

Method	:

Study	Design	:	This	study	was	a	secondary	analysis	

Study	participants	:	Samples	from	of	presumptive	TB	

cases	of		HIV/AIDS	(PLHIV)	,	paediatric	age	group	and	

extrapulmonary	patients

Study	 Duration:	 Samples	 received	 from	 January	 to	

September	2019.

Study	 site:	 Data	 collected	 from	 60	 CBNAAT	 sites	

across	the	Gujarat	state,	India.	

Sample	 Collection:	 For	 PLHIV	 patients	 sputum	

samples	and	in	pediatric	age	group	sputum	or	gastric	

lavage	collected	with	complain	of	cough	 	more	than	

2weeks	 /	 weight	 loss	 /low	 grade	 fever	 or	 X-ray	

suggestive	 of	 pulmonary	 tuberculosis/	 history	 of	

contact	with	infectious	TB	cases	and		extrapulmonary	

cases	organ	specific	samples	 	 like	Pus,	Lymphnode,	

Pleural	fluid,	CSF,	Ascitic	fluid	,synovial	fluid	,bone	etc.	

were	collected.	These	all	samples	were	tested	upfront	

in	 CBNAAT.	 From	 collected	 sample	 1	 ml	 was	

separated	 in	 sterile	 container	and	was	analyzed	by	

CBNAAT	 on	 Xpert	 MTB/RIF	 manufactured	 by	

cephaid,	 endorse	 by	 WHO(2010).The	 sample	 was	

diluted	 with	 three	 times	 the	 reagent	 ,incubated	 at	

room	 temperature	 for	 15	 minutes	 and	 loaded	

cartridge	 in	to	the	CBNAAT	machine	for	automated	

analysis	with	result	within	2	hours.	CBNAAT	machine	

will	detect	mycobacterial	 tuberculosis	complex	and	

rifampicin	resistance	simultaneously.

Data	 analysis:	 Data	 was	 analysed	 using	 Microsoft	

Excel.

Results:

	 Overall,	 New	 TB	 diagnosis(Smear+ve/-ve),	

Contact	of	MDR/RR	TB		patients	,	Follow	up	patients	

whose		Smear	+ve,	HIV	TB	co-infected	,private	sector		

and	 Presumptive	 Tuberculosis	 etc.	 	 total	 1,40,177	 	

specimens		were	tested	for	tuberculosis	in	CBNAAT.	

	 Upfront	CBNAAT	testing	in	28304	samples	were	

done	in	presumptive	TB	cases	in	PLHIV	,	Peadiatic	and	

Extrapulmonary	 patients	 .10,018(7.14%)	 samples	

were	PLHIV	presumptive	TB	,	7,380	(5.26%)samples	

were	Paediatric	Presumptive	TB	and	10,906(7.78%)	

samples	were	extrapulmonary	Presumptive	TB.		

	 CBNAAT	 diagnosed	 tuberculosis	 complex	 in	

3994(14.11%)	patients	of	total		28304		presumptive	

tuberculosis	samples	.	out	of		these		3994		diagnosed		

presumptive	case	1068	were	PLHIV	Presumptive	TB	

,724	were	Paediatric	Presumptive	TB	,2202		were	EP	

Presumptive	TB.	(Table	1)

	 In	these	3994		mycobacterium	complex		detected		

presumptive	 case	 	 288(7.21%)	 were	 rifampicin	

resistant.	 	 Out	 of	 288	 rifampicin	 resistant	

mycobacterium	tuberculosis	complex		63	cases	were	

presumptive	PLHIV	,	47	were	presumptive	paediatric,		

178	 	were	extrapulmonary	cases.	Which	 indicating	

that	 in	 key	 population	 5.90%	 ,	 6.49%	 ,	 8.08	 %	

rifampicin	 resistance	 detected	 in	 PLHIV	 ,	 Pediatric	

and	extrapulmonary	cases	respectively.	(Table	2)

Discussion	:

	 Upfront	 CBNAAT	 testing	 was	 offered	 to	 all	

presumptive	 TB	 cases	 in	 defined	 60	 CBNAAT	

laboratory	 in	 Gujarat.	 Participating	 providers	were	

linked	 through	 rapid	 specimen	 transportation	

linkages	 and	 rapid	 result	 reporting	 mechanisms.	 	
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CBNAAT	 	 testing	 was	 extended	 to	 non-sputum	

specimen	under	routine	programmatic	conditions	in	

India,	in	line	with	the	recent	WHO	recommendations	
[ ]	This	led	to	overall	improvement	in	bacteriologically	3

confirmed	TB	cases,	as	well	as	detection	of	significant	

numbers	 of	 rifampicin	 resistant	 TB	 cases	 in	

presumptive	 TB	 cases.	 All	 the	 TB	 cases	 diagnosed	

under	 the	 project	 were	 notified	 under	 RNTCP	

irrespective	of	type	of	referring	provider.

	 Smear	microscopy	for	AFB	is	simple	,economical	

and	 easy	 to	 test	 for	 diagnosis	 of	 tuberculosis.	

However	,	it	needs	at	least	10,000	bacilli	per	ml	to	give	

a	positive	result	and	being	highly	subjective	(operator	

dependent	 )	 test.	 Its	 sensitivity	has	been	 shown	 to	
[4]range	 from	 20	 to	 60%	 under	 different	 condition. 	

This	sensitivity	 is	 further	decrease	in	PLHIV	due	to	

lower	 rates	 of	 caseous	 necrosis	 and	 sputum	
[5]

production	which	 leads	 to	 paucibacilli	 in	 sputum 	

For	 children	 specimens	 like	 gastric	 lavage	 and	

induced	 sputum	 is	 difficult	 which	 indicate	 that	

presumptive	 TB	 and	 DR	 Tb	 in	 childrens	 may	 be	

underdiagnosed.	Current	World	Health	Organization	

guidelines	advise	that	all	children	<5	years	of	age	who	

are	in	close	contact	with	sputum	smear	positive	index	

patient	should	be	actively	traced	,	screened	for	TB	and	

provided	 preventive	 chemotherapy	 after	 active	 TB	

[6]has	been	excluded. 	And	extrapulmoary	samples	due	

to	low	number	of	bacilli	,	its	challenging	to	diagnose	

Tb	 by	 direct	 Zn	 smear	 microscopy.	 Utilization	 of	

upfront	 use	 of	 CBNAAT	 in	 these	 key	 population	

improve	bacteriological	confirm	cases	of	tuberculosis	

with	Rifampicin		susceptibility.

	 CBNAAT	performance	on	both	sputum	and	non-

sputum	 was	 found	 to	 be	 highly	 satisfactory,	 with	

overall	 98.80%	 cases	 getting	 valid	 results.	 These	

findings	 are	 similar	 to	 other	 studies	 conducted	 on	

CBNAAT	 assay	 on	 sputum	 and	 non-sputum	
[7-12]specimens .	Polymerase	chain	reaction	inhibition	

leading	to	invalid	test	results	is	a	major	concern	while	

testing	 specimens	 on	 various	 types	 of	 molecular	
[13–15]assays,	especially	non-sputum	specimen 	Invalid	

or	false	negative	results	in	various	PCR	based	tests	are	

mostly	due	to	the	presence	of	inhibitors,	sub-optimal	
[16]

assay	conditions	or	omission	of	key	steps 	However,	

this	issue	was	seen	to	be	of	lesser	concern	on	CBNAAT	

due	 to	 automation	 and	 self	 contained	 test	 which	

offers	 minimal	 manual	 manipulation	 of	 samples	 	

which	is	leading	to	low	PCR	inhibition	rates.

[21]NeerajRaizada et	al	study	indicating	6.3	%		and	8.10	

%	 M.Tb	 detection	 and	 Rifampicin	 resistanace	 in	

pediatric	 age	 group	with	 presumptive	 tuberculosis	

Presumptive	Tb	Cases
Samples
tested	for
CBNAAT

PLHIV	Presumptive	TB

Paediatric	Presumptive	TB

Extrapulmonary	Presumptive	TB

TOTAL

Mycobacterium
complex
present	by
CBNAAT

Mycobacterium
complex
absent	by
CBNAAT

Invalid	/
errors	in
results

10,018

7,380

10,906

28,304

1068(10.66%)

724(9.81%)

2202(20.19%)

3994(14.11%)

8806(87.90%)

6569(89.01%)

8595(78.81%)

23970(84.69%)

144(1.43%)

87(1.17%)

109(0.99%)

340(1.20%)

Table	1:	Mycobacterium	complex		detection	by	upfront	CBNAAT		testing	in	key				population

Presumptive	Tb	Cases
Mycobacterium	complex
detected	by	CBNAAT

Rifampicin	resistance
detected

PLHIV	Presumptive	TB

Paediatric	Presumptive	TB

Extrapulmonary	Presumptive	TB

TOTAL

1068

724

2202

3994

63	(5.90%)

47	(6.49%)

178	(8.08	%)

288(7.21%)

Table	2:	Rifampicin	resistance		detected	by	upfront	CBNAAT		key	population
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[17]which	is	similar	to	our	study. 	This	is	indicating	that	

by	offering	upfront	CBNAAT	to	presumptive	case	we	

can	 diagnose	 M.Tb	 with	 resistance	 of	 rifampicin	

.Pediatric	 case	 of	 tuberculosis	 is	 directly	 related	 to	

contact	 of	 Tb	 patient	 so	 by	 diagnosing	 Tb	 in	

peadiatric	case	we	can	trace	tuberculosis	in	adult	also	

.We	 should	 focus	 contact	 tracing	 on	 pediatric	

tuberculosis.

	 Lesley	Erica	Scott	et	all	study	on	Extra	pulmonary	

samples	 ,	 incidence	 of	 	 22.13%	 	 M.tb	 	 in	 extra	

pulmonary	samples	of	which	9.6%	where	Rifampicin	
[18]resistant	which	 is	 similar	 to	our	 study. 	Providing	

upfront	CBNAAT	to	extrapulmonary	samples	reduce	

diagnostic	delay	and	provide	microbiological	confirm	

report	to	clinician.	

	 According	to	2019	global		report		total	of	4,77,	461	

TB	cases	among	HIV-positive	people	were	reported	

till	 2018.	 In	 	 2018	 ,	 globally	 	 937	 500	 cases	were	

newly	 	 enrolled	 in	HIV	 care	 ,	 out	 of	 these	 	 79	285	

notified	as	TB	case.	In		India	29	766	cases	were	noted	
[19]

as	new	TB	HIV	co-infected	cases. 	TB	is	the	leading	

cause	of	death	among	people	living	with	HIV.	Persons	

co-infected	 with	 TB	 and	 HIV	 are	 more	 likely	 to	

develop	active	TB	disease	than	persons	without	HIV	
[20]infection 	Neeraj	Raizada	et	al	published	article	in	

2015	,	Enhancing	TB	&	DR-TB	Detection	by	proving	 	

proving	Upfront	 	Xpert	 	MTB/RIF	Testing	for	people	

living	with	HIV	in	India	which	shows	28%	detection	of		

M.Tb	 and	 in	 these	 detected	 cases	 9.5%	 were	
[21]Rifampicin		resistant.	 		These	data	shows	detection	

of	 Tuberculosis	 and	 rifampicin	 resistant	 is	 higher	

compare	to	our	study	in	which	 	10.66	%	were	M.Tb	

detected	 and	 5.9%	 were	 rifampicin	 resistence	 	 in	

preumptive	 Tb	 in	 PLHIV.	 This	 may	 be	 due	 to	

geographical	variation	of	study	conducted	in	India.	As	

HIV	 related	 immune-suppression	 increases,	 the	

clinical	 pattern	 of	 TB	 disease	 changes,	 with	

increasing	 numbers	 of	 smear-negative	 and	 extra	
[22]pulmonary	cases	

	 Sputum	smears	 tend	 to	be	negative,	as	 tubercle	

bacilli	do	not	appear	in	sputum	because	of	the	paucity	

of	pulmonary	inflammation	at	early	onset	of	disease	

and	decreased	cavitation.	Further,	 though	TB	 is	 the	

most	common	opportunistic	infection	among	PLHIV,	

clinical	decision-making	is	complicated	because	HIV	

infection	broadens	the

scope	 of	 differential	 diagnosis	 of	 smear-negative	

pulmonary	 TB	 to	 include	 diseases	 such	 as	

Pneumocystis	 carinii	 pneumonia	 (PCP),	 pulmonary	
[23]

Kaposi's	sarcoma,	and	Gram-negative	bacteremia

	 Furthermore,	 up	 to	 one	 third	 of	 HIV-TB	 co-

infected	 cases	might	have	 completely	normal	 chest	

radiographs	 due	 to	 less	 cavitation	 leading	 to	

increased	 chances	 of	 under	 diagnosis	 or	 missed	
[24]

diagnosis	of	TB	in	such	cases.	 	 	Culture	of	sputum	

for	 M.	 tuberculosis	 though	 considered	 as	 the	 gold	

standard,	 is	difficult	 to	use	and	 in	 resource-limited	
[25]settings	 challenging	 to	 implement 	 Culture	 result	

provided	after	2–8	weeks	are	not	available	to	guide	
[26]immediate	 treatment	 decision-making	 needs 	

Capacity	of	CBNAAT	 is	 to	diagnose	131	cfu/ml	 	TB	

bacilli	and	Rifampicin	resistance	in	one	cartridge	so	

that	it	is	promising		tool	for	diagnosis	of	TB	in	PLHIV	

and	starting	early	treatment	.

Conclusion:

	 CBNAAT	 	has	advantages	of	rapid	case	detection	

bacteriologically	confirmed	TB	in	 less	than	2	hours	

and		simultaneously	detecting		rifampicin			resistance	

in	 	key	population	like	 	PLHIV	,	paediatric	age	group	

and	extrapulmonary	samples		in	which	bacillary	load		

is	very	low	.	This	rapid	turn	around	time	of	CBNAAT	

will	 helpful	 to	 start	 early	 treatment	 under	 field	

conditions.	 Upfront	 CBNAAT	 ,	 leading	 to	 overall	

strengthening	of	care	and	support	package	for	PLHIV,	

Pediatric	 group	 and	 Extrapulmonary	 presumptive	

Tuberculosis	 diagnosis	 under	 programmatic	

condition.
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