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Background: TheNational Tuberculosis Elimination Programme (NTEP) of India is aiming to eliminate TB by 2025.
The programme has increased its services and resources to strengthen the accurate and early detection of TB.
It is important to estimate the cost of TB diagnosis in India considering the advancement and implementation
of new diagnostic tools under the NTEP. The objective of this study was to estimate the unit costs of providing
TB diagnostic services at different levels of public health facilities with different algorithms implemented under
the NTEP in Chennai, Tamil Nadu, South India.

Methods: This costing study was conducted from the perspective of the health system. This study used only
secondary data and information that were available in the public domain. Data were collected with the approval
of health authorities. The patient’s diagnostic path from the point of registration until the final diagnosis was
considered in the costing exercise. The unit costs of different diagnostic tools used in the NTEP implemented by
Chennai Corporation were calculated.

Results: We estimated the unit cost of the eight laboratory tests (Ziehl–Neelsen [ZN], fluorescence microscopy
[FM], x-ray, digital x-ray, gene Xpert MTB/RIF (cartridge-based nucleic acid amplification test [NAAT] that iden-
tifies rifampicin resistant Mycobacterium Tuberculosis) Mycobacterium Tuberculosis/Rifampicin [MTB/RIF], my-
cobacteria growth indicator tube [MGIT], line probe assay [LPA] and Lowenstein Jensen [LJ] culture) for diagnosis
of drug-sensitive and drug-resistant TB. The unit costs included fixed and variable costs for smear examination
by ZNmicroscopy (₹ [Indian Rupee] 326 [US$4.72], FM (₹104 [US$1.5]), x-ray (₹218 [US$3.15]), digital X-ray (₹281
[US$4.07]), gene Xpert MTB/RIF (₹1137 [US$16.47]), MGIT (₹7038 [US$102]), LPA (₹6448 [US$93.44]) and LJ cul-
ture (₹4850 [US$70.28]). Out of 10 diagnostic algorithms used for TB diagnosis, algorithms using only smear
microscopy had the lowest cost, followed by smear microscopy with x-ray for drug-sensitive TB (₹104 [US$1.5]
to ₹544 [US$7.88]). Diagnostic algorithms for drug-resistant TB involving LPA and gene Xpert MTB/RIF were the
most expensive.

Conclusions: Understanding the various costs contributing to TB diagnosis in India provides crucial evidence
for policymakers, programme managers and researchers to optimise programme spending and efficiently use
resources.
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Introduction
India has the highest TB burden in the world with 2.4 million
cases reported in 2019 alone.1 The National TB Elimination Pro-
gramme (NTEP) of India is aiming to eliminate TB in the coun-
try by 2025. The programme has expanded its services and in-
creased its resources to strengthen the detection, treatment and
prevention of TB. TheNTEP is one of the largest public-funded pro-
grammes in the world and has ensured free treatment and diag-
nosis for almost 25 million patients since its inception.2 The NTEP
is funded by the Government of India and global health donors
to ensure free and continuous provision of diagnostic and treat-
ment services. The provision of TB services requires considerable
and sustained financial resources for delivering and maintaining
the standard of TB care services. This has resulted in considerable
resource investment and budgetary implications for the govern-
ment.3 While there are studies that have estimated the financial
and budgetary aspects of the NTEP, there is a dearth of costing-
related studies on public sector TB diagnostic services.4–6 So far,
costing studies conducted in TB are mostly from the patients’
perspective7–9 and there is a paucity of information on updated
provider costs for TB diagnosis in India. Costing studies provide
useful information to programme implementers and decision-
makers for efficient use of scarce resources.10,11
It is important to estimate provider costs for TB diagnosis in

India considering the advancement and implementation of new
diagnostic tools under the NTEP. While there has been consider-
able research on the clinical aspects of advancedmolecular diag-
nostic tools, the cost aspects of these tools in public health facili-
ties have not been assessed to date. Estimating the unit costs for
the provision of all implemented TB diagnostic services would be
an important step for assessing the cost-effectiveness of TB diag-
nosis services in India. Costing studies are important health eco-
nomic studies, which could serve as a foundation for economic
evaluations of healthcare services.12 Costing studies would help
to assess the budgetary implications of TB programmes and ef-
fective use of resources for delivering health services.13 The cal-
culation of the unit cost of services is necessary and important
for long-term planning of the healthcare system. With this back-
ground, in this study, we have attempted to estimate the unit
costs of providing TB diagnostic services in different levels of pub-
lic health facilities in Chennai, a metropolitan capital city in Tamil
Nadu, South India.

Methods
Study setting
Tamil Nadu, a South Indian state with a population of 77 mil-
lion represents 5.9% of India’s population. Tamil Nadu is a large
and economically well-developed state of India with 37 districts
that has multiple urban cities and towns. The TB burden of Tamil
Nadu is relatively high and a total of 110 845 cases were re-
ported in 2019, amounting to 4.6% of the total nationwide notifi-
cation. Tamil Nadu has a disproportionate burden of TB, to which
the metropolitan cities of Chennai comprising the North, Central
and South Chennai districts contribute 13.7% of TB cases. Chen-
nai has an estimated TB prevalence of 203 per 100 000 popula-

tion. The NTEP of the Chennai Corporation is actively engaged in
providing TB prevention, diagnosis and treatment for its popula-
tion of 10.9 million. In particular, NTEP Chennai Corporation has
made remarkable progress in upgrading the speed and quality of
mycobacteriology TB diagnostic services. Chennai has a total of
70 designated microscopy centres and 36 treatment units, along
with 138 urban primary health centres and 90 familywelfare cen-
tres. Every year about 63 000 to 67 000 presumptive patients are
evaluatedwith sputummicroscopy and 5600 to 6300 smear pos-
itive TB patients are diagnosed. Along with smear microscopy,
newmolecular diagnostic tools have been implemented in recent
years for diagnosis of TB.

Perspective of the study
This costing study was conducted from a health system or
provider’s perspective, in which direct and indirect consumption
of resources for TB diagnosis using different diagnostic tools was
measured. The unit costs of different diagnostic tools used in the
NTEP of Chennai Corporation were calculated. The patient diag-
nostic path from the point of registration until final diagnosis was
considered in the costing exercise (Figure A1).

Study area
This study was conducted in public sector TB diagnostic health
facilities in Chennai Corporation. Data were collected from four
different levels of TB diagnostic health facilities, which included
(1) primary health centres (PHCs), (2) a district TB centre (DTC),
(3) a government peripheral hospital (GPH) and (4) an intermedi-
ate reference laboratory (IRL). A total of 12 TB diagnostic facilities
were selected for data collection (Table 1 ).

Tools for data collection
A data extraction form was developed for data collection. This
form collected information on capital costs (i.e. infrastructure,
medical and non-medical equipment), human resources (HR; i.e.
staff salaries), consumables and overheads. This tool also in-
cluded information on costs incurred by supportive activities such
as security, maintenance, administrative and water services.

Data collection
Trained field investigators visited the centres after prior approval
was received from the respective authorities. The purpose of the
study was explained to them in their local language. Data were
collected from the secondary sources of administrative records
and registries maintained at laboratories. The observational
method was used to collect information wherever documentary
records were not available (e.g. office space). Cost data elements,
cost items and sources of data collection are provided in Table 2 .

HR costs
HR costs were collected from the pay bill register. The cost re-
lated to supporting services was calculated based on the specific
time used for the diagnostic facility in proportion to the service
used for the whole heath facility. The unit cost for services was

537



M. Muniyandi et al.

Ta
bl
e
1.
Pr
ofi
le
of
th
e
la
bo
ra
to
rie
s
in
cl
ud
ed
in
th
e
st
ud
y

La
b
1

La
b
2

La
b
3

La
b
4

La
b
5

La
b
6

La
b
7

La
b
8

La
b
9

La
b
10

La
b
11

La
b
12

Re
gi
on

U
rb
an

U
rb
an

U
rb
an

U
rb
an

U
rb
an

U
rb
an

U
rb
an

U
rb
an

U
rb
an

U
rb
an

U
rb
an

U
rb
an

Co
rp
or
at
io
n

zo
ne

4
4

4
4

5
4

5
4

4
8

8
9

H
ea
lth

fa
ci
lit
y

PH
C

PH
C

PH
C

PH
C

PH
C

PH
C

DT
C

PH
C

GP
H

Re
se
ar
ch

ce
nt
re

PH
C

PH
C

Di
ag
no
st
ic

fa
ci
lit
y

DM
C

DM
C

DM
C

DM
C

DM
C

DM
C

DM
C

DM
C

DM
C

IR
L

DM
C

DM
C

Ye
ar
of
as
-

se
ss
m
en
t

20
19

20
19

20
19

20
19

20
19

20
19

20
19

20
19

20
19

20
19

20
19

20
19

Po
pu
la
tio
n

co
ve
re
d

50
63
3

50
70
0

50
59
6

50
68
0

54
73
0

50
89
2

21
5
43
4

50
32
0

15
2
04
7

N
A

22
9
39
0

18
2
36
2

Pe
rs
on
s

re
qu
iri
ng

te
st
fo
r

TB
/m
on
th

79
88

10
8

66
37

45
35
0

71
14
7

N
A

23
0

26
8

Di
ag
no
st
ic

te
st

av
ai
la
bl
e

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

FM
Ge
ne
Xp
er
t

M
TB
/R
IF

x-
ra
y

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

Di
gi
ta
lx
-r
ay

M
GI
T

Di
gi
ta
lX
-r
ay

X-
ra
y

ZN
m
ic
ro
sc
op
y

FM
Ge
ne
Xp
er
t

M
TB
/R
IF

LP
A

LJ
cu
ltu
re

ZN
m
ic
ro
sc
op
y

Ge
ne
Xp
er
t

M
TB
/R
IF

ZN
m
ic
ro
sc
op
y

Ge
ne
Xp
er
t

M
TB
/R
IF

Da
ta co
lle
ct
ed

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

FM
Ge
ne
Xp
er
t

M
TB
/R
IF

x-
ra
y

ZN
m
ic
ro
sc
op
y

ZN
m
ic
ro
sc
op
y

Di
gi
ta
lx
-r
ay

Ge
ne
Xp
er
t

M
TB
/R
IF

M
GI
T

LP
A

LJ
cu
ltu
re

Ge
ne
Xp
er
t

M
TB
/R
IF

Ge
ne
Xp
er
t

M
TB
/R
IF

Ab
br
ev
ia
tio
ns
:D
M
C,
de
si
gn
at
ed
m
ic
ro
sc
op
y
ce
nt
re
s;
DT
C,
di
st
ric
tT
B
ce
nt
re
;F
M
,fl
uo
re
sc
en
ce
m
ic
ro
sc
op
y;
Ge
ne
Xp
er
t,
ca
rt
rid
ge
-b
as
ed
nu
cl
ei
c
ac
id
am

pl
ifi
ca
tio
n
te
st
(N
AA
T)
th
at

id
en
tifi
es
rif
am

pi
ci
n
re
si
st
an
tM

yc
ob
ac
te
riu
m
Tu
be
rc
ul
os
is
;G
PH
,g
ov
er
nm

en
tp
er
ip
he
ra
lh
os
pi
ta
l;
IR
L,
in
te
rm
ed
ia
te
re
fe
re
nc
e
la
bo
ra
to
ry
;L
J,
Lo
w
en
st
ei
n
Je
ns
en
;L
PA
,l
in
e
pr
ob
e

as
sa
y;
M
GI
T,
m
yc
ob
ac
te
ria
gr
ow
th
in
di
ca
to
rt
ub
e;
M
TB
/R
IF
,M
yc
ob
ac
te
riu
m
Tu
be
rc
ul
os
is
/R
ifa
m
pi
ci
n;
PH
C,
pr
im
ar
y
he
al
th
ce
nt
re
;Z
N
,Z
ie
hl
–N
ee
ls
en
m
ic
ro
sc
op
y.

538



International Health

Table 2. Cost data elements for cost analysis of TB diagnosis and data sources

Diagnostic tool Data element Cost items Source of data

ZN Physical infrastructure Building Observation
FM Furniture PHC
X-ray Medical instruments DMC

Electrical instruments DTC
IRL
GPH

Digital x-ray Chemicals, reagents and consumables Chemicals Stock register
Gene Xpert MTB/RIF Reagents Lab register
MGIT Lab consumables Stationaries Financial record
LPA Human resources Medical officer Indent book
LJ culture Laboratory technician Pay bill register

Administrative assistant
Supporting staff

Abbreviations: DMC, designated microscopy centres; DTC, district TB centre; FM, fluorescence microscopy; Gene Xpert, cartridge-based nucleic
acid amplification test (NAAT) that identifies rifampicin resistant Mycobacterium Tuberculosis; GPH, government peripheral hospital; IRL, inter-
mediate reference laboratory; LJ, Lowenstein Jensen; LPA, line probe assay; MGIT,mycobacteria growth indicator tube; MTB/RIF, Mycobacterium
Tuberculosis/Rifampicin; PHC, primary health centre; ZN, Ziehl–Neelsen microscopy.

estimated by dividing the monthly salary by the total number of
tests performed per month.

Consumable cost
Costs details of consumables were collected from the laboratory
records. The unit cost was calculated by dividing the total costs of
consumables by the total number of tests performed per month.

Overhead cost
The cost of water and electricity used specifically for the diag-
nostic facility was collected as the proportion to the water and
electricity used for a whole health facility during 1 mo.

Quality control measures
The study teamwas supervised by the study investigators during
data collection. Costs of various resources were computed from
current market price value including depreciation costs. We also
computed resources supplied from the NTEP based upon its stan-
dard price. Missing costs were filled with current market values
adjusting for depreciation based upon life expectancy.

Cost calculation
Our primary estimate was the cost of performing a single test, i.e.
the unit cost calculated. This was calculated using the ingredient
approach, where the resource used was multiplied by the cost of
the input. This estimate includes costs of observed resources and
was calculated by a top-down method.

Top-down
In the top-down method, we used cost data and the total num-
ber of tests performedmonthly at each health facility. It was cal-
culated by dividing totalmonthly expenditure specifically for each
test by the total numbers of tests performed monthly.14

Activity-based costing
An activity-based costingmethod was used for accounting activ-
ities such as registration, consultation and investigation. These
costs were classified into direct (i.e. HR, consumables, instru-
ments), indirect (i.e. building space and overhead) and fixed
and variable costs. All costs were calculated in Indian Rupee (₹)
and converted to US$ according to the 2019 exchange rate of
US$1=₹69. The study datawere entered intoMicrosoft Excel soft-
ware (Microsoft Corp., Redmond, WA, USA) and analysed using
descriptive statistics methods.

Depreciation costs
The depreciation costs of the equipment and building were cal-
culated taking into consideration the useful expected life for a
building and equipment.

Definitions used
Total cost: Total cost is calculated as the sumof direct and indirect
costs.
Unit cost: A unit cost is a simple average or the cost per unit of

outcome.

Unit Cost = Total cost
Total number of tests performed
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Table 3. Estimated number of tests per month and estimated unit cost

Estimated unit costs

Diagnostic tools Estimated number of tests Fixed Variable Total

ZN 641 ₹291 (US$4.21) ₹35 (US$0.51) ₹326 (US$4.72)
FM 34 ₹66 (US$0.95) ₹38 (US$0.55) ₹104 (US$1.50)
X-ray 32 ₹154 (US$2.23) ₹64 (US$0.93) ₹218 (US$3.16)
Digital x-ray 57 ₹269 (US$3.89) ₹12 (US$0.18) ₹281 (US$4.07)
Gene Xpert MTB/RIF 29 ₹1082 (US$15.68) ₹55 (US$0.80) ₹1137 (US$16.48)
MGIT 56 ₹6048 (US$87.65) ₹990 (US$14.35) ₹7038 (US$102)
LPA 16 ₹4819 (US$69.84) ₹1629 (US$23.60) ₹6448 (US$93.44)
LJ 44 ₹4723 (US$68.44) ₹127 (US$1.84) ₹4850 (US$70.29)

Abbreviations: FM, fluorescence microscopy; Gene Xpert, cartridge-based nucleic acid amplification test (NAAT) that identifies rifampicin resis-
tant Mycobacterium Tuberculosis; LJ, Lowenstein Jensen; LPA, line probe assay; MGIT, mycobacteria growth indicator tube; MTB/RIF, Mycobac-
terium Tuberculosis/Rifampicin; ZN, Ziehl–Neelsen microscopy.

Data analysis
Costs incurred for all the TB diagnostic processes were calculated
by accounting for all procedures and tests included. Based on the
information collected, costs incurred in various diagnostic tests
were estimated, such as Ziehl–Neelsen (ZN)microscopy, LED fluo-
rescencemicroscopy (FM), x-ray, digital x-ray, gene Xpert MTB/RIF
(cartridge-based nucleic acid amplification test (NAAT) that iden-
tifies rifampicin resistant Mycobacterium Tuberculosis) Mycobac-
terium Tuberculosis/Rifampicin (MTB/RIF), mycobacteria growth
indicator tube (MGIT), line probe assay (LPA) and Lowenstein
Jensen (LJ) culture. From these, we estimated the unit provider
cost for TB diagnostic tests at different health facilities in Chennai
for 2019. We also compared the unit costs of TB diagnosis with
the number of tests performed at different health facilities.

Results
Profile of laboratories
In this study, we estimated the unit cost of the eight laboratory
tests (ZNmicroscopy, FM, x-ray, digital x-ray, gene Xpert MTB/RIF,
MGIT, LPA and LJ culture) used for diagnosis of TB. Eleven des-
ignated microscopy centres functioning under nine PHCs, one
GPH and one DTC were selected (Table 1). All the centres are
located in Chennai Corporation in different zones. For the pur-
poses of cost calculation, one FM centre, one x-ray unit, one digi-
tal x-ray unit, three gene Xpert MTB/RIF centres and eight ZN mi-
croscopy centres were selected. Costs regarding MGIT, LPA and
LJ culture were collected from one IRL. The population cover-
age for nine PHCs was around 50 000 each and two PHCs cov-
ered a population of >100 000. The GPH covered 152 047 and
the DTC covered 215 434 people. The total number of individu-
als requiring TB diagnosis per centre in a month ranged from 37
to 268.

Overall unit costs for different diagnostic tests
The overall unit cost including fixed and variable costs (Table 3)
for smear examination by ZNmicroscopywas ₹326 (US$4.72) and

by FM it was ₹104 (US$1.55). The unit costs for diagnosis by x-
ray and digital X-ray were ₹218 (US$3.15) and ₹281 (US$4.07),
respectively. The unit cost for diagnosis by gene Xpert MTB/RIF
was ₹1137 (US$16.48), by MGIT it was ₹7038 (US$102), by LPA it
was ₹6448 (US$93.44) and by LJ culture it was ₹4850 (US$70.29).
The details of unit cost for each activity (registration, consultation
and investigation) for different tests by fixed and variable costs for
various centres are provided in Tables A1 to A6.

Variable costs
Variable costs for ZN smear microscopy tests were lower than
those for FM tests (₹35 vs ₹38; US$0.52 vs US$0.55); costs
for digital x-ray tests were lower than for manual x-ray tests
(₹12 vs ₹64; US$0.17 vs US$0.92). The variable cost was less
for LJ culture compared with gene Xpert MTB/RIF, MGIT and LPA
(₹127 [US$1.84] vs ₹55 [US$0.79], ₹990 [US$14.34] and ₹1629
[US$23.6]), respectively (Figure 1). ZN microscopy tests at PHCs
incurred higher variable costs compared with the costs incurred
at the level of GPH and DTC (Figure 2). For all the diagnostic tests,
fixed costs were found to be higher than variable costs. Therewas
an inverse relationship between the total number of tests and
unit variable costs (Figure 3).

Different components of costs
The different components of unit costs included direct costs
(HR, consumables, instruments) and indirect costs (building,
overhead), as given in Table 4. The direct and indirect costs
for different diagnostic tests, respectively, are ZN microscopy
(₹321 [US$4.65] and ₹5 [US$0.07]); FM (₹101 [US$1.46] and ₹3
[US$0.04]); x-ray (₹205 [US$2.97] and ₹13 [US$0.18]); digital x-
ray (₹271 [US$3.92] and ₹10 [US$0.14]); gene Xpert MTB/RIF
(₹879 [US$12.73] and ₹258 [US$3.73]); MGIT (₹6993 [US$101.34]
and ₹45 [US$0.65]); LPA (₹6412 [US$92.92] and ₹36 [US$0.52]);
and Lowenstein Jensen (LJ) culture (₹4820 [US$69.85] and ₹30
[US$0.43]). It was observed that indirect costs were higher for
ZN, FM, x-ray, digital x-ray and gene Xpert MTB/RIF tests. Direct
costs were higher for MGIT, LPA and LJ culture tests. Within the
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Figure 1. Unit variable costs for different TB diagnostic tests.

Figure 2. Unit variable costs for TB diagnosis at different levels of health facilities.

direct costs, HR component costs were proportionally higher for
almost all the tests. Instrument costs were less compared with
HR costs and for indirect costs component infrastructure cost (i.e.
buildings) had the largest share.

Costs for different diagnostic algorithms used under
the NTEP
Of the 10 diagnostic algorithms used for TB diagnosis, the al-
gorithm using only smear microscopy was lowest followed by
the algorithm using smear microscopy with x-ray for detecting
drug-sensitive TB (₹104 to ₹544; US$1.50 to US$7.8). Diagnos-
tic algorithms involving smear microscopy with digital x-ray and
gene Xpert MTB/RIF ranged from ₹1459 (US$21.14) to ₹1681
(US$21.36). Algorithms involving LPA weremore expensive, rang-
ing from ₹6770 (US$98.11) to ₹8129 (US$117.8). Diagnostic al-
gorithms for drug-resistant TB were themost expensive involving
LPA and gene Xpert MTB/RIF (Table 5). With respect to the fixed
and variable costs for all diagnostic algorithms, fixed costs were
higher in comparison with variable costs.

Discussion
The Government of India has committed to eliminate TB by 2025,
5 y ahead of the global elimination target set under the Sus-
tainable Development Goals.15 As part of the ‘End TB strategy’,
the Ministry of Health and Family Welfare (MoHFW), Government
of India has developed the National Strategic Plan (NSP) for TB
elimination. The NSP was implemented in 2017 with additional
financial resources to rapidly reduce TB. The NTEP aims to bring
significant reductions to the TB burden by implementing new
diagnostic tools and early TB diagnosis of active TB.16 The current
costing study provides comprehensive evidence of the different
costs incurred for TB diagnosis under the NTEP in India. While
other studies have provided cost estimates for TB, our study
updates and reflects the latest changes brought about under
the ambit of the NTEP, which has expanded with new diagnostic
TB services. Assessing the utilisation of healthcare resources
remains critical for long-term planning and for evaluating the
programme’s outcomes and effectiveness.17 This study’s findings
could provide inputs to policymakers in developing appropriate
scale-up plans and helps with decisions on the efficient provision
of new diagnostic tools for diagnosis of pulmonary TB.
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Figure 3. The association between the number of tests done and unit variable costs.

Table 4. Different components of unit cost

Direct Indirect

HR Consumables Instruments Building Overhead Total

ZN ₹273 (US$3.95) ₹34 (US$0.49) ₹14 (US$4 0.20) ₹4 (US$0.05) ₹1 (US$0.01) ₹326 (US$4.72)
FM ₹48 (US$0.69) ₹37 (US$0.53) ₹17 (US$0.24) ₹2 (US$0.02) ₹1 (US$0.01) ₹104 (US$1.50)
X-ray ₹134 (US$1.94) ₹57 (US$0.82) ₹14 (US$0.20) ₹6 (US$0.08) ₹7 (US$0.10) ₹218 (US$3.16)
Digital x-ray ₹258 (US$3.73) ₹9 (US$0.13) ₹4 (US$0.05) ₹7 (US$0.10) ₹3 (US$0.04) ₹281 (US$4.07)
Gene Xpert MTB/RIF ₹183 (US$2.65) ₹51 (US$0.73) ₹645 (US$9.36) ₹254 (US$3.69) ₹4 (US$0.05) ₹1137 (US$16.48)
MGIT ₹4875 (US$70.65) ₹946 (US$5.01) ₹1172 (US$16.98) ₹1 (US$0.01) ₹44 (US$0.63) ₹7038 (US$102)
LPA ₹4795 (US$69.49) ₹1594 (US$23.10) ₹23 (US$0.33) ₹1 (US$0.01) ₹35 (US$0.50) ₹6448 (US$93.44)
LJ ₹4689 (US$67.95) ₹98 (US$4 1.42) ₹33 (US$0.47) ₹1 (US$0.01) ₹29 (US$0.33) ₹4850 (US$61.59)

Abbreviations: FM, fluorescence microscopy; Gene xpert, cartridge-based nucleic acid amplification test (NAAT) that identifies rifampicin resis-
tant Mycobacterium Tuberculosis; LJ, Lowenstein Jensen; LPA, line probe assay; MGIT, mycobacteria growth indicator tube; MTB/RIF, Mycobac-
terium Tuberculosis/Rifampicin; ZN, Ziehl–Neelsen microscopy.

Our study estimated the costs for all eight diagnostic tools
used in drug-sensitive and drug-resistant TB diagnosis used in dif-
ferent levels of health facilities. The unit total costs (i.e. fixed and
variable costs) for diagnosing drug-sensitive TB ranged from ₹104
(US$1.5) to ₹326 (US$4.72). Diagnosis of drug-resistant TB was
found to be many times (>15-fold) higher than the unit cost for
diagnosing drug-sensitive TB. This agrees with the finding from a
similar setting, in which 89.9% of diagnostic costs were for drug-
resistant TB.18 For both drug-sensitive and drug-resistant TB, the
fixed costs were significantly higher than the variable costs. The
costing method we used in this study accounted for the entire
process that the patient goes through during their diagnostic visit
to a facility, from registration to completion of diagnosis. This
method helped to estimate all the possible resources and ser-
vices incurred for TB diagnosis. However, our cost estimates need
to be interpreted within the context of a metropolitan city with
optimal resources and better diagnostic facilities, thus may un-

derestimate the costs associated with places with less optimal
facilities.
We also assessed the unit cost for TB diagnosis with various

diagnostic algorithms used under the NTEP. This was undertaken
to assess the cost differences of implementing specific diagnostic
algorithms, which would involve either single or multiple diag-
nostic tools. Estimating the cost for individual algorithms is useful
for comparing cost inputs and diagnostic outcomes. We found
that the algorithm used for diagnosing drug-resistant TB was
much more expensive than the algorithm used for diagnosing
drug-sensitive TB. A similar study performed in an Indian state
reported that the estimated programme cost was higher for all
the strategies using gene Xpert MTB/RIF for drug-resistant TB.19
It was also suggested that the cost of the gene Xpert MTB/RIF
test is cheaper when used in higher TB prevalence settings
where more presumptive TB cases access diagnostic facilities.20
The study also identified an inverse relationship between the
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Table 5. Costs for different diagnostic algorithms used under the NTEP

S. no. Algorithm Fixed Variable Total

1 ZN ₹291 (US$4.21) ₹35 (US$0.51) ₹326 (US$4.72)
2 ZN and x-ray ₹445 (US$6.45) ₹99 (US$1.43) ₹544 (US$7.88)
3 ZN, x-ray and Gene Xpert MTB/RIF ₹1527 (US$22.13) ₹154 (US$2.23) ₹1681 (US$24.36)
4 ZN, x-ray and LPA ₹5264 (US$76.29) ₹1728 (US$25.04) ₹6992 (US$101.33)
5 ZN, x-ray Gene Xpert MTB/RIF and LPA ₹6346 (US$91.97) ₹1783 (US$25.84) ₹8129 (US$117.81)
6 FM ₹66 (US$0.96) ₹38 (US$0.55) ₹104 (US$1.55)
7 FM and x-ray ₹220 (US$3.19) ₹102 (US$1.47) ₹322 (US$4.66)
8 FM, x-ray and Gene Xpert MTB/RIF ₹1302 (US$18.87) ₹157 (US$2.27) ₹1459 (US$21.14)
9 FM, x-ray and LPA ₹5039 (US$73.03) ₹1731 (US$25.08) ₹6770 (US$98.11)
10 FM, x-ray, Gene Xpert MTB/RIF and LPA ₹6121 (US$88.71) ₹1786 (US$25.88) ₹7907 (US$114.59)

Abbreviations: FM, fluorescence microscopy; Gene Xpert, cartridge-based nucleic acid amplification test (NAAT) that identifies rifampicin resis-
tant Mycobacterium Tuberculosis; LJ, Lowenstein Jensen; LPA, line probe assay; MGIT, mycobacteria growth indicator tube; MTB/RIF, Mycobac-
terium Tuberculosis/Rifampicin; ZN, Ziehl–Neelsen microscopy.

total number of tests and unit variable costs, similar to earlier
research.20
Diagnosis involving smear microscopy alone was the cheap-

est of all the algorithms for drug-sensitive TB. Similar findings re-
garding the lower cost for smear microscopy were reported in an
earlier study conducted in India.19 The diagnostic sensitivity of an
algorithm should be considered when interpreting the cost con-
sequences. To achieve the 95% case TB detection set by the NTEP
and accelerate early diagnosis of TB cases, multiple diagnostic al-
gorithmswould be required based on field feasibility, programme
requirements and resource constrains. The cost estimates from
our study regarding different diagnostic algorithms serve as an
evidence base for making informed decisions regarding the im-
plementation of diagnostic strategies. This could help to achieve
TB diagnostic goals set by the NSP under the NTEP.1
In terms of the resources required, funding for the provision of

TB prevention, diagnostic and treatment services have doubled
since 2006, but still fall far short of what is needed. Globally,
the amount required for TB control in 2019 was US$3.3 billion,
which was less than the US$10.1 billion estimated by the Stop TB
Partnership. Among the BRICS group of countries (i.e. Brazil, the
Russian Federation, India, China and South Africa), 57% (US$3.7
billion) of available funding for TB was reported in 2020, of which
97% was from domestic sources. With respect to India, 92% of
funding is from domestic sources.
In India, domestic funding quadrupled from 2016 to 2019.21

For the NTEP in India, a total of US$2.4 billion has been estimated
for diagnosis, treatment, administration and patient support ser-
vices for 2017–2020. Of this, US$134 million (9%) has been
estimated for additional diagnostic alone.22 In this context, un-
derstanding the various costs contributing to TB diagnosis are es-
sential to optimise programme spending and efficiently use re-
sources.
Our study has limitations. First, in this study, cost calculations

were only from the perspective of the government programme
and do not include costs incurred by the private sector. We
conducted our study in a public sector hospital where TB patients

are treated free of charge, hence our cost estimates could be
substantially different from those for patients diagnosed in the
private healthcare sector. Further, the costs estimates made
using observational methods may not reflect actual costs and
may thus affect diagnostic costs. The unit cost estimation for
diagnosis by each diagnostic tool and algorithm may not be
same as in other situations, as the values will differ depending
upon the total number of tests performed or the total number
of presumptive TB patients.

Conclusions
Unit costs for TB diagnosis in India provide essential evidence for
policymakers, programme managers and researchers to under-
stand the budgetary and financial implications of diagnostic ser-
vices implemented under the NTEP. Understanding the various
costs contributing to TB diagnosis is essential to optimise pro-
gramme spending and efficient use of resources. The current up-
dated TB diagnostic cost estimateswill help to conduct economic
evaluations of different TB diagnostic interventions and assess
their cost effectiveness.
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