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Abstract 
Introduction: In lower tuberculosis (TB) incidence countries (<100 
cases/100,000/year), screening and preventive treatment (PT) for 
latent TB infection (LTBI) among people living with HIV (PLWH) is often 
recommended, yet guidelines advising which groups to prioritise for 
screening can be contradictory and implementation patchy. Evidence 
of LTBI screening cost-effectiveness may improve uptake and health 
outcomes at reasonable cost. 
Methods: Our systematic review assessed cost-effectiveness 
estimates of LTBI screening/PT strategies among PLWH in lower TB 
incidence countries to identify model-driving inputs and 
methodological differences. Databases were searched 1980-2020. 
Studies including health economic evaluation of LTBI screening of 
PLWH in lower TB incidence countries (<100 cases/100,000/year) were 
included. 
Results: Of 2,644 articles screened, nine studies were included. Cost-
effectiveness estimates of LTBI screening/PT for PLWH varied widely, 
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with universal screening/PT found highly cost-effective by some 
studies, while only targeting to high-risk groups (such as those from 
mid/high TB incidence countries) deemed cost-effective by others. 
Cost-effectiveness of strategies screening all PLWH from studies 
published in the past five years varied from US$2828 to 
US$144,929/quality-adjusted life-year gained (2018 prices). Study 
quality varied, with inconsistent reporting of methods and results 
limiting comparability of studies. Cost-effectiveness varied markedly 
by screening guideline, with British HIV Association guidelines more 
cost-effective than NICE guidelines in the UK. 
Discussion: Cost-effectiveness studies of LTBI screening/PT for PLWH 
in lower TB incidence settings are scarce, with large variations in 
methods and assumptions used, target populations and screening/PT 
strategies evaluated. The limited evidence suggests LTBI screening/PT 
may be cost-effective for some PLWH groups but further research is 
required, particularly on strategies targeting screening/PT to PLWH at 
higher risk. Standardisation of model descriptions and results 
reporting could facilitate reliable comparisons between studies, 
particularly to identify those factors driving the wide disparity 
between cost-effectiveness estimates. 
Registration: PROSPERO CRD42020166338 (18/03/2020).
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Introduction
Nearly a quarter of the world’s population has latent TB infection  
(LTBI), meaning they are infected but do not (yet) have symp-
toms of tuberculosis (TB) and cannot transmit infection.  
Without antibiotics, approximately 5% of immunocompetent 
individuals acquiring LTBI progress to TB disease within the  
first two years following infection, and another 5% over the 
remainder of their lifetimes1,2. This risk is higher for people  
living with HIV (PLWH) and may remain elevated even with 
antiretroviral therapy (ART). While a 2010 systematic review  
estimated that approximately 30% of co-infected people may 
eventually develop TB disease, and these subjects were at  
increased risk of premature death3, a UK study found inci-
dence of TB disease during long-term ART to be much closer to  
background rates4. It is therefore important to evaluate the 
costs and benefits of testing and treatment of LTBI for PLWH,  
yet little research has been published on the cost-effectiveness 
of LTBI screening and preventive treatment (PT, also referred  
to as chemoprophylaxis) for this group.

Earlier detection and PT of LTBI when patients are diagnosed  
with HIV or when they are receiving HIV care prevents progres-
sion to active disease, thereby reducing cost of TB care, TB-related 
morbidity and may also reduce onward TB infection transmis-
sion and costs of contact tracing. As well as these benefits to the  
patient and to the health system, treatment of patients with  
LTBI is also an important intervention for TB elimination, par-
ticularly for low-incidence countries where the long-lasting 
benefit of PT will not be mitigated by repeated TB re-exposure  
within the general population5–9. However, there is currently 
no consensus concerning which individuals to target for LTBI  
screening/PT: guidelines vary by low TB incidence country.

Many European countries test all HIV clinic attendees, either 
with the tuberculin skin test (TST) or interferon-gamma release  
assays (IGRA)10,11, while other countries favour a targeted 
approach. As TB incidence falls in low TB incidence settings, the  
contribution to active TB of those with reactivation of chronic 
latent infection increases, but the cost-effectiveness of LTBI  
screening/treatment falls. Targeting groups at higher risk of 
infection, for example migrants from endemic regions, may be  
more feasible and will maximise patient benefit while mini-
mising government spending. For example, the British HIV  
Association (BHIVA) guidance advises testing with IGRA alone 
to all PLWH from high/medium TB incidence countries, and 
only screening those from low TB incidence countries (<40 TB 
cases/100,000 population) if additional risk factors for TB are 
present (listed in the guidance)12. By contrast, the UK National 
Institute for Health and Care Excellence (NICE) recommends that 
all PLWH should be targeted for screening13. Given this diver-
gence in guidelines, compliance is reported to be low14. A uniform,  
evidence-based national guideline for the UK is required15.

We conducted a systematic review to evaluate whether health 
economic studies are comparable in their conclusions regard-
ing the cost-effectiveness of LTBI screening/treatment for PLWH  
or targeting subpopulations of PLWH at higher risk of infec-
tion to improve this cost-effectiveness. We focussed on lower TB 
incidence countries only (<100 TB cases/100,000 population), 
as this incorporated both low incidence (<40/100,000) countries, 
which tend to be high-income, plus middle-income countries 
including Brazil and China, which share more in common 
with low TB incidence settings in terms of TB control than 
with high TB incidence settings. We aimed to assess which  
aspects of these economic evaluations, in terms of both model  
structure and model inputs, most influence their predictions 
and where knowledge gaps remain, in order to guide future  
research to provide the necessary evidence on which to base  
national guidelines.

Methods
This study was registered on the International Prospective  
Register of Systematic Reviews (PROSPERO) registration 
number CRD42020166338 (18/03/2020). It was conducted 
in accordance with PRISMA guidelines16 (see Reporting  
guidelines17).

Selection criteria
To be eligible for inclusion, studies had to:

1)	� Include an intervention involving screening for  
LTBI among PLWH aware of their HIV status, and 
subsequent LTBI diagnosis and treatment. PLWH may  
or may not be receiving antiretroviral therapy (ART).

2)	� Include scenarios for a lower TB incidence country  
(<100 cases/100,000/year).

3)	� Report results of a health economic evaluation employ-
ing a modelling component. This could include  
decision tree, Markov, individual-based models or 
any other type of health economic model structure.  
Analyses required a health component (e.g., quality-
adjusted life-years (QALYs) gained/disability-adjusted 

          Amendments from Version 1
In response to reviewers’ comments and suggestions, we have 
made the following changes: 

1.   �We have added HIV prevalence, TB incidence and 
estimates of multi-drug resistance by country to the 
“Setting” column of Table 1.  

2.   �We have clarified that the scope of our review includes 
lower TB incidence countries, defined as <100 
cases/100,000 population per year. This has been added 
to the Abstract Introduction, Methods Selection Criteria 
section) and a justification of this choice is given in the 
Introduction. 

3.   �In addition to the CHEERS checklist to assess reporting 
completeness, we have evaluated the quality of each 
study using the Gates Reference Case (Table 6) and 
discussed how well such generic tools can measure this. 

4.   �Figure 1 has been amended slightly, changing reason for 
exclusion for one study. 

5.   �Extended the discussion of how incorporating secondary 
TB transmission affects study estimates, in the 
Discussion section. 

6.   �Table 3: where available, uncertainty intervals for 
estimates are now included. 

Any further responses from the reviewers can be found at 
the end of the article
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life-years (DALYs) lost, deaths averted) and a cost  
component.

Studies were excluded where:

1)	� The study population was not exclusively PLWH.

2)	� The intervention involved mass LTBI chemoprophy-
laxis of all PLWH rather than treatment only following  
a positive LTBI screening test.

3)	� The intervention involved screening of TB disease  
rather than latent TB infection.

Articles for inclusion had to be literature (peer-reviewed full 
papers or research letters in peer-reviewed journals). Abstracts,  
presentations, posters, non-research letters and editorials were 
excluded (these formats provide insufficient details on meth-
ods used). Reviews and grey literature were also excluded. No  
restrictions were placed on the modelled study population in 
terms of factors such as age, gender, ethnicity, health or treat-
ment status. There was no study exclusion based on choice of  
comparison groups, but their suitability was assessed as part 
of the evaluation of study quality. There were no restrictions by  
date or language of publication.

Search strategy and data extraction
We searched for published studies reporting the cost- 
effectiveness, cost-utility or cost-benefit of screening for LTBI 
among PLWH in lower TB incidence countries (defined as <100 
cases per 100,000 population/year, WHO 2018 estimates18).  
Ovid Embase, PubMed and Web of Science were searched 
for articles published between 1st January 1980 and 30th  
September 2020 (date of the most recent search) using terms 
for cost-effectiveness studies, tuberculosis, screening and HIV  
(see Extended data17 for full search terms).

Two reviewers (RFB, CV) independently screened the papers 
at all levels: title, abstract and full-text. Discrepancies were  
discussed between the reviewers to reach a consensus, and 
where necessary, in consultation with co-authors. Bibliographies  
of articles passing the full-text screening were subsequently 
reviewed for any additional, relevant papers. A data extraction 
schedule was developed and used to retrieve information from  
included studies regarding aspects including: study characteristics  
(authors, publication year, conflicts of interest and funding 
statements), setting, characteristics of modelled population,  
interventions and comparators analysed, year/duration of 
study, data used for model inputs, model type (e.g., Markov,  
discrete event simulation), diagnosis methods (including sensitivity  
and specificity assumptions), latent and active TB positivity 
rates, LTBI reactivation rate, treatment uptake and completion  
rates, treatment effectiveness, health economic aspects includ-
ing model time horizon, perspective adopted (e.g., health service,  
societal), health and cost discount rates applied, costs included 
(e.g., costs of screening, costs of treatment), health utilities, and 
the key results and conclusions of the study (e.g., total incre-
mental costs, QALY/DALYs and incremental cost-effectiveness  
ratio (ICER) for each screening intervention). We extracted 
base case cost-effectiveness estimates plus other types of model  
outcome, and uncertainty bounds and sensitivity analysis methods. 
Data were extracted independently by two reviewers (RFB,  

CAD). For the purposes of this analysis, we did not contact 
authors for clarification because we aimed to evaluate the infor-
mation that would be available to the reader, particularly policy  
and decision makers. All data were managed using a Micro-
soft Excel spreadsheet, and validated by an independent  
reviewer.

Data analysis
Included studies were summarised according to study design, 
comparators and overall results. Studies were compared and  
assessed on the basis of study quality, perspective, design 
and parameter selection and valuation. Study reporting  
completeness was assessed using the Consolidated Health Eco-
nomic Evaluation Reporting Standards (CHEERS) checklist19 
and study quality was assessed using the Gates Reference 
Case for Economic Evaluation20 (RFB, CV). To aid  
comparability, costs were inflation-adjusted to 2018 in the 
local currency and then converted to US$ using consumer price  
indices and average annual exchange rates, using MS Excel  
version 201221–23. Forest plots were constructed using R version  
4.0.3 to present study ICER (cost/QALY gained or cost/DALY 
averted) estimates. Cost-effectiveness studies may be more  
impactful by generating lower ICER values, so structural model 
assumptions which may particularly affect outputs, and there-
fore introduce bias, were evaluated. There were too few studies  
and lack of comparability between studies to employ further  
analysis by subgroup.

Results
Search results
Database searches identified 2644 titles to screen after removing 
duplicates, resulting in 17 articles that went to full-text review  
(Figure 1). Full-text review identified nine studies for inclusion  
and in-depth analysis24–32.

Study characteristics
The main characteristics of included studies and the  
resulting ICERs are presented in Table 1 and epidemiological 
factors are summarised in Table 2. All studies were per-
formed using dynamic-type Markov models with decision tree  
components except studies by Wong et al. (system dynam-
ics model, similar to Markov)30 and Jo et al. (individual-based 
transmission model)31. The target populations were in the  
US27,29,31, Italy28, Japan26, Brazil24, UK25,32 and China (Hong  
Kong)30. All studies included adult PLWH populations only, 
except Jo et al., where age-associated inclusion criteria were 
not recorded31. Time horizons of lifetime25,27,29,32, 30 years26,31,  
20 years24, and 10 years28 were employed. All studies adopted 
a health service perspective except the study by Wong et al.,  
which did not report the time horizon or perspective30.

LTBI screening strategies. Four studies included screening 
comparisons between TST and IGRA tests26,27,29,32; and three  
evaluated testing schedules that involved both tests25,29,32. The 
remainder evaluated TST only24,28. PT regimens modelled were 
six-month24–26,32, nine-month27,30, and 12-month28 isoniazid, 
and isoniazid plus rifapentine for three months29,31. Capocci  
et al. 2020’s analysis was informed by HIV clinical cohort data, 
where patients received six-month isoniazid or three-month  
isoniazid plus rifampicin depending on drug interactions32.  
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Studies investigated a number of different screening strategies  
for a wide range of PLWH target populations (Table 1).

Counterfactuals were generally usual care (Azadi et al. used 
outcomes from public HIV care clinics not randomised to 
receive the LTBI screening/PT intervention24; Wong et al., 

annual LTBI diagnoses taken from clinical data30; Jo et al., 
baseline screening/PT levels previously estimated31,33) or zero  
testing25,27–29,32. Kowada et al. evaluated screening/PT for  
HIV-infected pregnant women only, but did not compare  
strategies targeting screening/PT to different populations (close  
contacts, migrants from high TB burden countries, “occasional 

Figure 1. Flow chart of study selection, showing included studies stratified by World Health Organization region. The search 
identified 1627, 1261, and 791 potentially relevant titles from PubMed, Embase, Web of Science, respectively (3679 in total). Eight articles 
provided model-based cost-effectiveness estimates for the screening for and treatment of latent tuberculosis infection among people living 
with HIV in lower TB incidence countries and were included in the review. The search was conducted for articles published 1st January 1980 
up to the 30th September 2020. PLWH – people living with HIV; TB – tuberculosis. 1 Higher TB incidence countries defined as ≥150/100,000 
cases as of 201818). 2 Kowada et al. modelled “low TB incidence countries” (defined as <24 cases/100,000) but the majority of the input data 
are from Japan26.

Page 5 of 35

Wellcome Open Research 2023, 6:51 Last updated: 03 APR 2023



Ta
bl

e 
1.

 S
um

m
ar

y 
of

 s
tu

dy
 c

ha
ra

ct
er

is
ti

cs
 a

nd
 m

ai
n 

fin
di

ng
s 

of
 in

cl
ud

ed
 e

co
no

m
ic

 e
va

lu
at

io
ns

 o
f l

at
en

t t
ub

er
cu

lo
si

s 
in

fe
ct

io
n 

sc
re

en
in

g 
am

on
g 

pe
op

le
 li

vi
ng

 w
it

h 
H

IV
 

in
 lo

w
er

 T
B 

in
ci

de
nc

e 
co

un
tr

ie
s.

 (C
os

ts
 s

ho
w

n 
ar

e 
in

 c
ur

re
nc

ie
s 

an
d 

co
st

 y
ea

rs
 a

s 
st

at
ed

 in
 th

e 
or

ig
in

al
 p

ub
lic

at
io

ns
.)

St
ud

y 
(a

ut
ho

r, 
ye

ar
)

Se
tt

in
g

Po
pu

la
ti

on
 

sc
re

en
ed

In
te

rv
en

ti
on

/
al

te
rn

at
iv

es
M

od
el

 ty
pe

Pe
rs

pe
ct

iv
e 

M
od

el
 h

or
iz

on
 

D
is

co
un

t r
at

ea

Es
ti

m
at

e 
ye

ar
W

TP
 th

re
sh

ol
d 

as
su

m
ed

Pr
in

ci
pa

l r
es

ul
ts

Co
nc

lu
si

on
s

Sa
w

er
t  

et
 a

l. 
19

98
28

Ita
ly 

TB
: 7

b  
M

DR
: l

ow
b  

H
IV

: 0
.2

%
b

H
yp

ot
he

tic
al

 
co

ho
rt

 o
f 

PL
W

H
; 3

 
gr

ou
ps

: 1
) 

TS
T+

, 2
) 

an
er

gi
c 

w
ith

 
va

rio
us

 le
ve

ls 
of

 im
m

un
e 

su
pp

re
ss

io
n,

 3
) 

al
l P

LW
H

PT
 p

ol
icy

 o
pt

io
ns

: 
tre

at
in

g 
on

ly:
 1

) T
ST

+,
 

2a
) T

ST
+ 

an
d 

an
er

gi
c 

w
ith

 C
D4

 <
20

0 
ce

lls
/m

m
3 , 

2b
) T

ST
+ 

an
d 

an
er

gi
c 

w
ith

 C
D4

 
<3

50
 c

el
ls/

m
m

3 , 
2c

) 
TS

T+
 a

nd
 a

ll 
an

er
gi

cc

M
ar

ko
v

H
ea

lth
 s

er
vic

e 
10

 y
ea

rs
 

3%
 p

er
 y

ea
r

19
97

N
Sd

1)
 T

ST
+:

 c
os

t-s
av

in
g 

(-
U

S$
7·

7 
m

illi
on

; 1
15

3 
[IQ

R 
10

26
-1

24
5]

 Q
AL

Ys
 g

ai
ne

d)
. 

Po
lic

ie
s 

2a
-c

 in
cr

ea
se

 li
fe

 
ex

pe
ct

an
cy

 b
y 

ex
te

nd
in

g 
PT

 to
 a

ne
rg

ic 
pa

tie
nt

s 
an

d 
ge

ne
ra

lly
 a

lso
 le

ad
 to

 c
os

t 
re

du
ct

io
n.

PT
 fo

r T
ST

+ 
PL

W
H

 in
cr

ea
se

s 
lif

e 
ex

pe
ct

an
cy

 
an

d 
de

cr
ea

se
s 

m
ed

ica
l c

os
ts

. 
Its

 e
xt

en
sio

n 
to

 a
ne

rg
ic 

pa
tie

nt
s 

m
ay

 
be

 ju
st

ifi
ab

le
 

on
 e

co
no

m
ic 

gr
ou

nd
s 

in
 

po
pu

la
tio

ns
 

w
ith

 h
ig

h 
TB

 
pr

ev
al

en
ce

Li
na

s 
et

 a
l. 

20
11

27
U

SA
 

TB
: 2

b  
M

DR
: l

ow
b  

H
IV

: 0
.4

%
b

PL
W

H
TS

T 
vs

 IG
RA

 v
s 

no
 

sc
re

en
in

g
M

ar
ko

v
H

ea
lth

 s
er

vic
e 

Li
fe

tim
e 

3%
 p

er
 y

ea
r

20
11

U
S$

50
,0

00
 a

nd
 

U
S$

10
0,

00
0/

Q
AL

YG

TS
T 

vs
 n

o 
te

st
in

g:
 

U
S$

12
,8

00
/Q

AL
YG

 
IG

RA
 v

s 
TS

T 
te

st
in

g:
 

U
S$

23
,8

00
/Q

AL
YG

Sc
re

en
in

g 
sh

ou
ld

 b
e 

pr
io

rit
ise

d 
fo

r 
PL

W
H

. I
G

RA
 is

 
m

or
e 

co
st

-
eff

ec
tiv

e 
th

an
 

TS
T 

sc
re

en
in

g

Ko
w

ad
a 

20
14

26
Lo

w
 T

B 
in

cid
en

ce
 

co
un

tr
ie

se  
TB

: <
24

e  
M

DR
: 

0.
01

2e  
H

IV
: 0

.4
%

b

H
IV

-in
fe

ct
ed

 
20

-y
ea

r-
ol

d 
pr

eg
na

nt
 

w
om

en

Di
ffe

re
nt

 te
st

 
sc

en
ar

io
s: 

1)
 T

ST
, 2

) Q
FT

 (I
G

RA
), 

3)
 T

-S
PO

T 
(IG

RA
), 

4)
 

TS
T 

fo
llo

w
ed

 b
y 

Q
FT

, 
5)

 T
ST

 fo
llo

w
ed

 b
y 

T-
SP

O
T 

Di
ffe

re
nt

 ta
rg

et
in

g 
sc

en
ar

io
s: 

1)
 c

lo
se

 
co

nt
ac

ts
, 2

) m
ig

ra
nt

s 
fro

m
 h

ig
h 

TB
 

bu
rd

en
 c

ou
nt

rie
s, 

3)
 

oc
ca

sio
na

l s
cr

ee
ni

ng
sf

M
ar

ko
v

H
ea

lth
 s

er
vic

e 
30

 y
ea

rs
 

3%
 a

nn
ua

l

20
12

U
S$

50
,0

00
/ 

Q
AL

YG
Ba

se
 c

as
e 

(s
cr

ee
ni

ng
 o

f 
clo

se
 c

on
ta

ct
s)

: T
-S

PO
T 

te
st

 
w

as
 m

os
t c

os
t-e

ffe
ct

ive
. T

ST
 

fo
llo

w
ed

 b
y 

Q
FT

 w
er

e 
m

os
t 

co
st

-e
ffe

ct
ive

 fo
r s

cr
ee

ni
ng

 
of

 m
ig

ra
nt

s 
an

d 
oc

ca
sio

na
l 

sc
re

en
in

gs
. (

IC
ER

 v
al

ue
s 

no
t 

st
at

ed
)

IG
RA

 
re

co
m

m
en

de
d 

fo
r T

B 
sc

re
en

in
g 

of
 h

ig
h-

ris
kg  

pr
eg

na
nt

 
PL

W
H

 in
 lo

w
 

TB
 in

cid
en

ce
 

co
un

tr
ie

s

Az
ad

i e
t a

l. 
20

14
24

Br
az

il 
TB

: 4
5b  

M
DR

: l
ow

b  
H

IV
: 0

.6
%

b

PL
W

H
 in

 R
io

 
de

 Ja
ne

iro
, 

at
 lo

w
 ri

sk
 o

f 
re

in
fe

ct
io

n

PT
 o

f a
ll 

TS
T+

 P
LW

H
 

w
ith

 n
o 

sig
ns

 o
f a

ct
ive

 
TB

 v
s 

us
ua

l c
ar

e

M
ar

ko
v

H
ea

lth
 s

er
vic

e 
1 

ye
ar

 
(in

te
rv

en
tio

ns
) 

20
 y

ea
rs

 (d
ise

as
e 

ou
tc

om
es

) 
3%

 p
er

 y
ea

r

20
10

20
10

 B
ra

zil
ia

n 
G

DP
 p

er
 c

ap
ita

 
(U

S$
11

,7
00

)

In
te

rv
en

tio
n 

av
er

ts
 1

·1
4 

di
sc

ou
nt

ed
 D

AL
Ys

 (1
·5

7 
un

di
sc

ou
nt

ed
 D

AL
Ys

) p
er

 
10

0 
pe

op
le

 te
st

ed
. M

ed
ia

n 
IC

ER
: U

S$
22

73
 (I

Q
R 

17
79

-
31

35
) p

er
 D

AL
Y 

av
er

te
d 

(le
ss

 
th

an
 a

 q
ua

rt
er

 o
f B

ra
zil

’s 
20

10
 G

DP
)

In
te

rv
en

tio
n 

is 
hi

gh
ly 

co
st

-
eff

ec
tiv

e 
in

 th
e 

co
nt

ex
t o

f B
ra

zil

Page 6 of 35

Wellcome Open Research 2023, 6:51 Last updated: 03 APR 2023



St
ud

y 
(a

ut
ho

r, 
ye

ar
)

Se
tt

in
g

Po
pu

la
ti

on
 

sc
re

en
ed

In
te

rv
en

ti
on

/
al

te
rn

at
iv

es
M

od
el

 ty
pe

Pe
rs

pe
ct

iv
e 

M
od

el
 h

or
iz

on
 

D
is

co
un

t r
at

ea

Es
ti

m
at

e 
ye

ar
W

TP
 th

re
sh

ol
d 

as
su

m
ed

Pr
in

ci
pa

l r
es

ul
ts

Co
nc

lu
si

on
s

Ca
po

cc
i  

et
 a

l. 
20

15
25

U
K 

TB
: 7

b  
M

DR
: l

ow
b  

H
IV

: 0
.2

%
b

PL
W

H
 in

 
Lo

nd
on

, ~
1/

3 
or

ig
in

at
in

g 
fro

m
 s

ub
 

Sa
ha

ra
n 

Af
ric

a

Sc
re

en
in

g 
ba

se
d 

on
 

1)
 N

IC
E 

an
d 

2)
 B

H
IV

A 
gu

id
el

in
es

, 3
) a

ll 
PL

W
H

, 4
) n

o 
te

st
in

g

U
nc

le
ar

H
ea

lth
 s

er
vic

e 
Li

fe
tim

e 
3·

5%
 p

er
 y

ea
r

20
11

/1
2

€2
4,

00
0/

 
Q

AL
YG

20
00

-2
00

5 
IC

ER
 v

al
ue

s: 
BH

IV
A 

vs
 n

o 
te

st
in

g:
 €

62
70

/
Q

AL
YG

 (9
5%

U
I 3

48
2-

78
64

) 
N

IC
E 

vs
 B

H
IV

A 
te

st
in

g:
 

€6
99

8/
Q

AL
YG

 (9
5%

U
I 4

13
0-

18
,8

13
) 

Al
l a

tte
nd

ee
s 

vs
 N

IC
E 

te
st

in
g:

 €
33

,4
73

/Q
AL

YG
 

(9
5%

U
I 6

89
5-

16
4,

51
9)

 
20

05
-2

01
0 

IC
ER

 v
al

ue
s: 

BH
IV

A:
 €

93
32

/Q
AL

YG
 

(9
5%

U
I 5

39
6-

11
,9

58
) 

N
IC

E:
 €

32
,5

64
/Q

AL
YG

 
(9

5%
U

I 2
5,

06
6-

66
,2

51
) 

Al
l a

tte
nd

ee
s: 

€7
4,

06
7/

Q
AL

YG
 (9

5%
U

I 1
9,

62
5-

66
5,

73
4)

BH
IV

A 
an

d 
N

IC
E 

te
st

in
g 

re
gi

m
en

s 
m

iss
ed

 c
as

es
 b

ut
 

ar
e 

co
st

-e
ffe

ct
ive

 
co

m
pa

re
d 

w
ith

 
no

 te
st

in
g.

 
Te

st
in

g 
w

as
 

m
or

e 
ex

pe
ns

ive
 

ov
er

 ti
m

e,
 

su
gg

es
tin

g 
th

at
 

al
te

rn
at

ive
 o

r 
m

or
e 

ta
rg

et
ed

 
TB

 te
st

in
g 

st
ra

te
gi

es
 m

us
t 

be
 c

on
sid

er
ed

Ta
sil

lo
  

et
 a

l. 
20

17
29

U
SA

 
TB

: 2
b  

M
DR

: l
ow

b  
H

IV
: 0

.6
%

b

N
on

 U
S-

bo
rn

 
PL

W
H

 U
S 

re
sid

en
ts

1)
 T

ST
 o

nl
y, 

2)
 IG

RA
 

on
ly,

 3
) “

co
nfi

rm
 

po
sit

ive
” (

in
iti

al
 T

ST
, 

IG
RA

 c
on

fir
m

at
io

n 
fo

r T
ST

+)
, 4

) “
co

nfi
rm

 
ne

ga
tiv

e”
 (i

ni
tia

l I
G

RA
, 

TS
T 

fo
r a

ll 
IG

RA
–,

 +
 o

n 
ei

th
er

 te
st

 in
di

ca
te

s 
LT

BI
)

M
ar

ko
v

H
ea

lth
 s

er
vic

e 
Li

fe
tim

e 
3%

 p
er

 y
ea

r

20
15

U
S$

10
0,

00
0/

Q
AL

YG
TS

T 
on

ly:
 D

om
in

at
ed

 
IG

RA
 o

nl
y: 

U
S$

35
,0

00
/

Q
AL

YG
 

Co
nfi

rm
 p

os
iti

ve
: 

U
S$

18
,0

00
/Q

AL
YG

 
Co

nfi
rm

 n
eg

at
ive

: 
U

S$
63

,0
00

/Q
AL

YG

Te
st

in
g 

fo
r a

nd
 

tre
at

in
g 

LT
BI

 
am

on
g 

no
n-

U
S 

bo
rn

 U
S 

PL
W

H
 

is 
lik

el
y 

co
st

-
eff

ec
tiv

e

W
on

g 
 

et
 a

l. 
20

19
30

Ch
in

a 
TB

: 5
9b  

M
DR

: h
ig

hb 

H
IV

: <
0.

1%
b

PL
W

H
 in

 H
on

g 
Ko

ng
Fr

eq
ue

nc
y 

of
 te

st
in

g:
 

1)
 z

er
o,

 2
) t

es
tin

g 
by

 
ris

k 
fa

ct
or

s, 
3)

 b
ie

nn
ia

l 
te

st
in

g 
(a

ll 
PL

W
H

), 
4)

 u
p 

to
 3

 te
st

s 
(a

ll 
PL

W
H

), 
5)

 a
nn

ua
l 

te
st

in
g 

(a
ll 

PL
W

H
) 

– 
cu

rr
en

t p
ol

icy

Sy
st

em
 

dy
na

m
ics

 
m

od
el

h

N
R 

N
R 

3·
5%

 p
er

 y
ea

r

20
17

-2
02

3
$5

0,
00

0/
 

Q
AL

YG
Fo

r P
LW

H
 te

st
in

g 
LT

BI
 

ne
ga

tiv
e 

at
 b

as
el

in
e,

 
no

 s
ub

se
qu

en
t t

es
tin

g 
st

ra
te

gi
es

 w
er

e 
co

st
-

eff
ec

tiv
e 

un
de

r t
he

 a
ss

um
ed

 
th

re
sh

ol
d.

 
M

os
t c

os
t-e

ffe
ct

ive
 te

st
in

g 
st

ra
te

gy
 w

as
 a

nn
ua

l L
TB

I 
te

st
in

g 
by

 ri
sk

: $
97

,2
31

/
Q

AL
YG

Ch
an

gi
ng

 th
e 

cu
rr

en
t t

es
tin

g 
st

ra
te

gy
 to

 le
ss

 
in

te
ns

e 
te

st
in

g 
st

ra
te

gi
es

 is
 

lik
el

y 
to

 b
e 

co
st

-e
ffe

ct
ive

 
in

 th
e 

pr
es

en
ce

 
of

 a
n 

in
cr

ea
se

d 
co

ve
ra

ge
 o

f 
LT

BI
 te

st
in

g 
an

d 
tre

at
m

en
t a

t 
ba

se
lin

e

Page 7 of 35

Wellcome Open Research 2023, 6:51 Last updated: 03 APR 2023



St
ud

y 
(a

ut
ho

r, 
ye

ar
)

Se
tt

in
g

Po
pu

la
ti

on
 

sc
re

en
ed

In
te

rv
en

ti
on

/
al

te
rn

at
iv

es
M

od
el

 ty
pe

Pe
rs

pe
ct

iv
e 

M
od

el
 h

or
iz

on
 

D
is

co
un

t r
at

ea

Es
ti

m
at

e 
ye

ar
W

TP
 th

re
sh

ol
d 

as
su

m
ed

Pr
in

ci
pa

l r
es

ul
ts

Co
nc

lu
si

on
s

Jo
 e

t a
l. 

20
21

31
U

SA
 

TB
: 2

b  
M

DR
: l

ow
b  

H
IV

: 0
.6

%
b

PL
W

H
 in

 
fo

ur
 s

ta
te

s 
(C

al
ifo

rn
ia

, 
Fl

or
id

a,
 N

ew
 

Yo
rk

, T
ex

as
)

Ra
pi

d 
sc

re
en

in
g/

PT
 

sc
al

e-
up

 o
f P

LW
H

 a
nd

 
ot

he
r r

isk
 g

ro
up

si  
co

m
pa

re
d 

to
 b

as
el

in
e 

up
ta

ke
 ra

te
s

In
di

vid
ua

l-
ba

se
d 

TB
 

in
fe

ct
io

n 
tra

ns
m

iss
io

n 
m

od
el

H
ea

lth
 s

er
vic

e 
30

 y
ea

rs
 

3%
 p

er
 y

ea
r

20
18

N
S

$6
69

5/
Q

AL
YG

 –
 C

al
ifo

rn
ia

 
$2

82
8/

Q
AL

YG
 –

 F
lo

rid
a 

$1
12

65
/Q

AL
YG

 –
 N

ew
 Y

or
k 

$4
81

1/
Q

AL
YG

 –
 T

ex
as

 
$9

32
3/

TB
 c

as
e 

av
er

te
d 

– 
Ca

lif
or

ni
a 

$4
42

8/
TB

 c
as

e 
av

er
te

d 
– 

Fl
or

id
a 

$1
53

47
/T

B 
ca

se
 a

ve
rt

ed
 

– 
N

ew
 Y

or
k 

$6
87

9/
 T

B 
ca

se
 a

ve
rt

ed
 

– 
Te

xa
s

Co
st

-
eff

ec
tiv

en
es

s 
of

 
sc

re
en

in
g/

PT
 

w
as

 h
ig

he
st

 fo
r 

th
e 

PL
W

H
 ri

sk
 

gr
ou

pi  in
 a

ll 
st

at
es

Ca
po

cc
i  

et
 a

l. 
20

20
32

U
K 

TB
: 7

b  
M

DR
: l

ow
b  

H
IV

: 0
.2

%
b

PL
W

H
 

at
te

nd
in

g 
an

 
am

bu
la

to
ry

 
H

IV
 c

lin
ic 

in
 

Lo
nd

on
, U

K

30
 te

st
in

g 
st

ra
te

gi
es

 
(in

clu
di

ng
 a

ct
ive

 
TB

 o
nl

y)
 b

as
ed

 o
n 

te
st

 (I
G

RA
, T

ST
, C

XR
, 

in
du

ce
d 

sp
ut

um
), 

BH
IV

A/
N

IC
E 

gu
id

el
in

es
, t

ar
ge

tin
g 

to
 s

ub
po

pu
la

tio
ns

 
(B

la
ck

 A
fri

ca
ns

, 
m

id
dl

e 
TB

 in
cid

en
ce

 
co

un
tr

ie
s)

M
ar

ko
v

H
ea

lth
 s

er
vic

e 
Li

fe
tim

e 
3.

5%
 p

er
 y

ea
r

20
18

/1
9

£2
0,

00
0-

£3
0,

00
0 

(N
IC

E 
th

re
sh

ol
d)

O
f 1

8 
st

ra
te

gi
es

 re
po

rt
ed

 in
 

m
ai

n 
pu

bl
ica

tio
n:

 
Sc

re
en

in
g 

al
l P

LW
H

 (v
ar

io
us

 
te

st
s)

: $
56

,4
79

-1
44

,9
29

/
Q

AL
YG

 
Ta

rg
et

ed
 s

cr
ee

ni
ng

 o
f P

LW
H

 
fro

m
 s

ub
 S

ah
ar

an
 A

fri
ca

 
or

 m
id

dl
e 

TB
 in

cid
en

ce
 

co
un

tr
ie

s: 
$2

3,
09

8-
47

,5
40

/
Q

AL
YG

 
BH

IV
A/

N
IC

E 
gu

id
el

in
es

: 
$4

9,
99

0-
25

4,
19

4/
Q

AL
YG

O
nl

y 
st

ra
te

gi
es

 
te

st
in

g 
PL

W
H

 
fro

m
 s

ub
 

Sa
ha

ra
n 

Af
ric

a,
 

or
 te

st
in

g 
th

os
e 

fro
m

 
co

un
tr

ie
s 

w
ith

 
TB

 in
cid

en
ce

 
>4

0/
10

0,
00

0 
w

ith
 T

ST
 a

lo
ne

, 
w

er
e 

co
st

-
eff

ec
tiv

e
AR

T 
– 

an
tir

et
ro

vir
al

 th
er

ap
y; 

BH
IV

A 
– 

Br
iti

sh
 H

IV
 A

ss
oc

ia
tio

n;
 C

XR
 –

 c
he

st
 X

-ra
y; 

G
DP

 –
 G

ro
ss

 D
om

es
tic

 P
ro

du
ct

; I
CE

R 
– 

in
cr

em
en

ta
l c

os
t-e

ffe
ct

ive
ne

ss
 ra

tio
; I

G
RA

 –
 in

te
rfe

ro
n 

ga
m

m
a 

re
le

as
e 

as
sa

y; 
IN

H
 

– 
iso

ni
az

id
; I

Q
R 

– 
in

te
rq

ua
rt

ile
 ra

ng
e;

 L
TB

I –
 la

te
nt

 tu
be

rc
ul

os
is 

in
fe

ct
io

n;
 m

o 
– 

m
on

th
s; 

M
ar

ko
v 

– 
M

ar
ko

v 
co

ho
rt

 s
im

ul
at

io
n;

 N
IC

E 
– 

N
at

io
na

l I
ns

tit
ut

e 
fo

r H
ea

lth
 a

nd
 C

ar
e 

Ex
ce

lle
nc

e;
 N

S 
– 

no
t r

ep
or

te
d;

 P
LW

H
 

– 
pe

op
le

 li
vin

g 
w

ith
 H

IV
; P

T 
– 

pr
ev

en
tiv

e 
th

er
ap

y; 
Q

AL
Y 

– 
qu

al
ity

-a
dj

us
te

d 
lif

e 
ye

ar
; Q

AL
YG

 –
 Q

AL
Y 

ga
in

ed
; Q

FT
 –

 Q
ua

nt
iF

ER
O

N
-T

B 
G

ol
d 

In
-T

ub
e 

(IG
RA

 te
st

); 
M

DR
 –

 m
ul

tid
ru

g 
re

sis
ta

nt
 T

B;
 T

-S
PO

T 
– 

T-
SP

O
T.T

B 
(IG

RA
 te

st
); 

TS
T 

– 
tu

be
rc

ul
in

 s
ki

n 
te

st
; v

s 
– 

ve
rs

us
; W

H
O

 –
 W

or
ld

 H
ea

lth
 O

rg
an

iza
tio

n;
 W

TP
 –

 w
illi

ng
ne

ss
 to

 p
ay

; Z
 –

 p
yr

az
in

am
id

e;
 +

 p
os

iti
ve

 te
st

 re
su

lt;
 –

 n
eg

at
ive

 te
st

 re
su

lt;
 9

5%
U

I –
 9

5%
 u

nc
er

ta
in

ty
 in

te
rv

al
.

a  I
n 

al
l i

nc
lu

de
d 

st
ud

ie
s 

th
e 

di
sc

ou
nt

 ra
te

 a
pp

lie
d 

to
 b

ot
h 

co
st

s 
an

d 
be

ne
fit

s.
b  P

op
ul

at
io

n-
le

ve
l e

st
im

at
es

 o
f i

nf
ec

tio
n 

bu
rd

en
, u

nl
es

s 
ot

he
rw

ise
 re

po
rt

ed
. T

B 
in

cid
en

ce
 d

at
a:

 in
cid

en
ce

 o
f T

B 
pe

r 1
00

,0
00

 p
eo

pl
e 

pe
r y

ea
r, 

m
os

t r
ec

en
t y

ea
r (

20
20

); 
da

ta
 fr

om
 W

or
ld

 H
ea

lth
 O

rg
an

iza
tio

n34
. 

M
ul

tid
ru

g-
re

sis
ta

nt
 T

B 
ca

te
go

ris
at

io
n 

ac
co

rd
in

g 
to

 W
H

O
 id

en
tifi

ca
tio

n 
of

 3
0 

“h
ig

h 
bu

rd
en

” M
DR

 T
B 

co
un

tr
ie

s35
, w

hi
ch

 in
clu

de
s 

Ch
in

a.
 H

IV
 p

re
va

le
nc

e 
da

ta
: %

 o
f p

op
ul

at
io

n 
ag

es
 1

5–
49

 y
ea

rs
, m

os
t r

ec
en

t y
ea

r 
(2

02
0 

= 
Ita

ly,
 B

ra
zil

; 2
01

9 
= 

U
ni

te
d 

St
at

es
); 

da
ta

 fr
om

 U
N

AI
DS

36
. U

N
AI

DS
 H

IV
 d

at
a 

w
er

e 
no

t a
va

ila
bl

e 
fo

r C
hi

na
 a

nd
 th

e 
U

ni
te

d 
Ki

ng
do

m
. H

IV
 p

re
va

le
nc

e 
es

tim
at

e 
fo

r t
he

 U
K 

re
pr

es
en

ts
 a

ll 
pe

op
le

 li
vin

g 
w

ith
 H

IV
 

(a
ll 

ag
es

, e
st

im
at

e 
10

6,
89

037
) d

ivi
de

d 
by

 p
op

ul
at

io
n 

siz
e 

fo
r 2

02
038

. H
IV

 p
re

va
le

nc
e 

es
tim

at
e 

fo
r C

hi
na

 re
pr

es
en

ts
 a

n 
es

tim
at

e 
of

 a
ll 

pe
op

le
 li

vin
g 

w
ith

 H
IV

 ta
ke

n 
fro

m
 a

 re
ce

nt
 re

vie
w

 b
y 

Xu
 e

t a
l.39

, c
iti

ng
 a

n 
offi

cia
l 

he
al

th
 re

po
rt

 (a
ll 

ag
es

, e
st

im
at

e 
1.

04
5 

m
illi

on
) d

ivi
de

d 
by

 p
op

ul
at

io
n 

siz
e 

fo
r 2

02
040

.
c  P

ol
icy

 3
 in

vo
lve

d 
un

ive
rs

al
 P

T 
fo

r P
LW

H
 i.

e.
 n

o 
LT

BI
 s

cr
ee

ni
ng

 e
le

m
en

t a
nd

 s
o 

w
as

 e
xc

lu
de

d 
fro

m
 th

e 
re

vie
w

 (S
aw

er
t e

t a
l. 

re
po

rt
ed

 th
at

 p
ol

icy
 3

 in
cr

ea
se

d 
co

st
s 

an
d 

m
ay

 e
ve

n 
de

cr
ea

se
 m

ea
n 

lif
e 

ex
pe

ct
an

cy
28

.)
d  N

o 
IC

ER
 th

re
sh

ol
d 

is 
st

at
ed

 b
ut

 a
ut

ho
rs

 h
ig

hl
ig

ht
 in

 th
e 

se
ns

iti
vit

y 
an

al
ys

is 
sc

en
ar

io
s 

w
hi

ch
 p

ro
du

ce
 IC

ER
 v

al
ue

s 
<$

10
,0

00
/Q

AL
Y 

ga
in

ed
.

e  M
aj

or
ity

 o
f i

np
ut

 d
at

a 
fro

m
 Ja

pa
n.

 “L
ow

 in
cid

en
ce

 c
ou

nt
rie

s”
 d

efi
ne

d 
as

 <
24

 c
as

es
 p

er
 1

00
,0

00
 p

eo
pl

e 
pe

r y
ea

r “
as

 re
po

rt
ed

 b
y 

th
e 

re
po

rt
s 

of
 th

e 
W

or
ld

 H
ea

lth
 O

rg
an

iza
tio

n41
” a

lth
ou

gh
 in

 th
is 

re
po

rt
 lo

w
 

in
cid

en
ce

 is
 d

efi
ne

d 
as

 c
ou

nt
rie

s 
w

ith
 a

n 
in

cid
en

ce
 ra

te
 o

f <
20

 c
as

es
 p

er
 1

00
,0

00
 p

eo
pl

e 
pe

r y
ea

r o
r <

10
 c

as
es

 in
 to

ta
l. 

M
DR

 ra
te

 fo
r m

od
el

le
d 

sc
en

ar
io

s 
re

po
rt

ed
 a

s 
0.

01
2 

(ra
ng

e 
0-

0.
1)

 w
hi

ch
 re

pr
es

en
ts

 th
e 

pr
op

or
tio

n 
of

 H
IV

 p
os

iti
ve

 p
re

gn
an

t w
om

en
 w

ho
 h

ad
 M

DR
-T

B.
f  F

re
qu

en
cy

/s
ch

ed
ul

e 
of

 “o
cc

as
io

na
l s

cr
ee

ni
ng

s”
 s

ce
na

rio
 n

ot
 d

efi
ne

d.
g  ”

H
ig

h-
ris

k”
 is

 n
ot

 d
efi

ne
d.

 K
ow

ad
a 

re
po

rt
s 

th
at

 th
e 

U
S 

Ce
nt

er
s 

fo
r D

ise
as

e 
Co

nt
ro

l a
nd

 P
re

ve
nt

io
n 

(C
DC

) s
ta

te
s 

th
at

 h
ig

h-
ris

k 
w

om
en

 a
re

 “t
ho

se
 w

ith
 k

no
w

n 
or

 s
us

pe
ct

ed
 T

B 
co

nt
ac

ts
, i

nj
ec

tio
n 

dr
ug

 u
se

, H
IV

 o
r 

ot
he

r i
m

m
un

os
up

pr
es

sio
n,

 fo
re

ig
n 

bi
rt

h,
 a

nd
/o

r r
es

id
en

ce
 in

 c
on

gr
eg

at
e 

se
tti

ng
s 

in
 lo

w
 T

B 
bu

rd
en

 c
ou

nt
rie

s42
 “w

hi
ch

 im
pl

ie
s 

th
at

 a
ll 

pr
eg

na
nt

 P
LW

H
 a

re
 h

ig
h-

ris
k.

h  S
ys

te
m

 d
yn

am
ics

 m
od

el
s 

ar
e 

sim
ila

r t
o 

M
ar

ko
v 

m
od

el
s 

in
 b

ei
ng

 c
oh

or
t-b

as
ed

 b
ut

 th
ey

 a
llo

w
 in

te
ra

ct
io

n 
be

tw
ee

n 
di

ffe
re

nt
 m

od
el

 e
nt

iti
es

 e
.g

., 
in

fe
ct

io
us

 d
ise

as
e 

tra
ns

m
iss

io
n 

m
od

el
s, 

w
he

re
 in

te
ra

ct
io

ns
 

be
tw

ee
n 

in
fe

ct
ed

 a
nd

 u
ni

nf
ec

te
d 

in
di

vid
ua

ls 
is 

im
po

rt
an

t.
i  O

th
er

 ri
sk

 g
ro

up
s 

ev
al

ua
te

d:
 n

on
-U

S-
bo

rn
, d

ia
be

tic
s, 

ho
m

el
es

s, 
an

d 
in

ca
rc

er
at

ed
31

.

Page 8 of 35

Wellcome Open Research 2023, 6:51 Last updated: 03 APR 2023



Ta
bl

e 
2.

 S
um

m
ar

y 
of

 k
ey

 a
ss

um
pt

io
ns

 a
nd

 s
tu

dy
 p

ar
am

et
er

 v
al

ue
s 

of
 in

cl
ud

ed
 s

tu
di

es
.

St
ud

y 
(a

ut
ho

r, 
ye

ar
)

D
at

a 
so

ur
ce

s
AR

T 
an

d 
M

D
R 

as
su

m
pt

io
ns

LT
BI

 
pr

ev
al

en
ce

a
Se

co
nd

ar
y 

TB
 in

fe
ct

io
n 

tr
an

sm
is

si
on

An
nu

al
 

re
ac

ti
va

ti
on

 
ra

te
 /a

ct
iv

e 
TB

 
m

or
ta

lit
y

Te
st

 u
se

d 
(s

en
si

ti
vi

ty
, 

sp
ec

ifi
ci

ty
)

Sc
re

en
in

g 
an

d 
PT

 
up

ta
ke

, 
ad

he
re

nc
e,

 
co

m
pl

et
io

n

LT
BI

 P
T 

re
gi

m
en

 
an

d 
eff

ec
ti

ve
ne

ss
b

Ad
ve

rs
e 

ev
en

ts
U

ti
lit

ie
s

Sa
w

er
t 

et
 a

l. 
19

98
28

Pr
os

pe
ct

ive
 

co
ho

rt
 

st
ud

y, 
in

clu
di

ng
 

co
st

 d
at

a

Pr
e-

AR
T 

se
tti

ng
 

3-
5%

 M
DR

 –
 tx

 
co

st
s 

10
-fo

ld
 

hi
gh

er

6.
6-

21
.1

%
c

10
 n

ew
 

in
fe

ct
io

ns
 p

er
 

un
tr

ea
te

d 
ac

tiv
e 

TB
 

ca
se

; 2
 n

ew
 

in
fe

ct
io

ns
 p

er
 

tr
ea

te
d 

ca
se

CD
4 

>3
50

: 2
%

/y
ea

r 
CD

4 
20

0-
35

0:
 

8%
/y

ea
r 

CD
4 

<2
00

: 1
2%

/
ye

ar
 

M
or

ta
lit

y: 
CD

4 
≥2

00
: 2

5%
/

ye
ar

 
CD

4 
<2

00
: 3

6%
/

ye
ar

TS
T 

(N
R,

 N
R)

Sc
re

en
in

g 
up

ta
ke

: N
R 

75
%

 P
T 

ad
he

re
nc

ed

IN
H

 1
2m

o 
N

o 
DI

LI
: 8

5-
95

%
 

Po
st

 D
IL

I: 
25

%
e

DI
LI

: 0
.3

-6
.4

%
N

ot
 re

po
rt

ed
f

Li
na

s 
et

 a
l. 

20
11

27

Pu
bl

ish
ed

 
lit

er
at

ur
e 

in
clu

di
ng

 
CD

C 
su

rv
ei

lla
nc

e 
da

ta
 a

nd
 

N
at

io
na

l 
H

ea
lth

 a
nd

 
N

ut
rit

io
n 

Ex
am

in
at

io
n 

Su
rv

ey
 

fo
r T

ST
 

po
sit

ivi
ty

 
ra

te

N
R 

M
DR

 n
ot

 
in

clu
de

d

5.
3%

 (r
an

ge
 

2-
9%

)
Ea

ch
 c

as
e 

of
 

re
ac

tiv
at

io
n 

TB
 re

su
lte

d 
in

 0
.3

1 
(0

.2
5-

1.
1)

 c
as

es
 o

f 
se

co
nd

ar
y 

TB
 

di
st

rib
ut

ed
 

th
ro

ug
ho

ut
 

th
e 

ex
pe

ct
ed

 
lif

et
im

e 
of

 
co

nt
ac

t c
as

es

2.
07

%
/y

ea
r 

M
or

ta
lit

y: 
5%

 ri
sk

 (n
o 

co
m

or
bi

di
tie

s)
, 6

%
 

ris
k 

(o
th

er
 c

hr
on

ic 
co

nd
iti

on
s)

, o
ve

r 6
 

m
on

th
s

TS
T 

(8
9%

 [5
0-

10
0%

], 
98

%
 U

S-
 a

nd
 9

2%
 n

on
-

U
S-

bo
rn

g  [
50

-1
00

%
]) 

IG
RA

 (8
3%

 [5
0-

10
0%

], 
99

%
 [5

0-
10

0%
]) 

Sc
re

en
in

g 
up

ta
ke

 N
R;

 
88

%
 re

tu
rn

ed
 

to
 re

ce
ive

 T
ST

 
re

su
lt 

(P
LW

H
 

no
t r

et
ur

ni
ng

 
w

er
e 

in
el

ig
ib

le
 

fo
r P

T)
. 

90
%

 P
T 

up
ta

ke
 

fo
r t

ho
se

 
re

tu
rn

in
g 

w
ith

 
a 

po
sit

ive
 T

ST
 

te
st

 (u
pt

ak
e 

fo
r I

G
RA

 te
st

 
gr

ou
p 

N
R)

 
52

%
 

co
m

pl
et

io
n

IN
H

 9
m

o 
Fu

ll 
co

ur
se

: 9
0%

 (7
5-

10
0%

) 
6-

8m
o:

 6
0%

 (5
0-

75
%

) 
3-

5m
o:

 3
0%

 (0
-6

9%
)

DI
LI

 (<
34

y)
: 0

.1
%

 
(0

.0
5-

0.
15

%
) 

DI
LI

 (≥
35

y)
: 1

%
 

(0
.5

-1
.5

%
) 

 DI
LI

 m
or

ta
lit

y: 
1%

 
(0

.5
-1

.5
%

)

LT
BI

 s
ta

te
: 1

 
IN

H
 tx

 w
ith

ou
t 

to
xi

cit
y: 

1 
(0

.9
-

1.
0)

 
Ac

tiv
e 

TB
 s

ta
te

: 
0.

80
 (0

.6
-1

.0
) 

N
on

-fa
ta

l D
IL

I: 
0.

85
 (0

.6
-1

.0
) 

(1
 m

on
th

) 
M

on
th

 o
f T

B 
or

 
DI

LI
 d

ea
th

: 0
.3

 
(0

.2
-0

.5
) 

Af
te

r h
av

in
g 

ac
tiv

e 
TB

: 1
.0

 
(0

.9
-1

.0
)

Ko
w

ad
a 

20
14

26
Pu

bl
ish

ed
 

lit
er

at
ur

e
N

R 
1.

2%
 (0

-1
0%

) 
M

DR
 –

 h
ig

he
r 

m
or

ta
lit

y 
an

d 
m

or
bi

di
ty

 ra
te

s, 
>1

0-
fo

ld
 h

ig
he

r 
tx

 c
os

ts

7-
36

%
 

du
rin

g 
pr

eg
na

nc
y 

11
-5

5%
 

po
st

pa
rt

um

N
ot

 in
clu

de
d

0.
02

-1
.8

%
/y

ea
r 

du
rin

g 
pr

eg
na

nc
y 

0.
03

-2
.7

%
/y

ea
r 

du
rin

g 
po

st
pa

rt
um

 
M

or
ta

lit
y: 

Al
l-c

au
se

 m
or

ta
lit

y: 
0.

00
09

1 
(2

0 
ye

ar
s)

, 
0.

00
13

 (3
0 

ye
ar

s)
, 

0.
00

26
 (4

0 
ye

ar
s)

 
In

cr
ea

se
d 

m
or

ta
lit

y 
du

e 
to

 a
ct

ive
 T

B:
 

5.
2 

(9
5%

CI
 1

.7
-

15
.6

) 
M

or
ta

lit
y 

ra
te

, M
DR

 
TB

: 0
.1

3 
(9

5%
CI

 
0.

06
-0

.2
6)

TS
T 

(4
3%

, 9
7%

 (n
on

-
BC

G
), 

59
%

 (B
CG

)) 
IG

RA
 (6

1%
 Q

FT
 6

5%
 

T-
SP

O
T, 

99
%

 Q
FT

 9
8%

 
T-

SP
O

T)

Sc
re

en
in

g 
up

ta
ke

: N
R 

80
%

 P
T 

ad
he

re
nc

e 
(IG

RA
) 

50
%

 P
T 

ad
he

re
nc

e 
(T

ST
)h,

i

IN
H

 6
m

o 
68

%
DI

LI
: 1

.1
%

N
on

-L
TB

I, 
no

n-
TB

: 1
j  

LT
BI

, n
o 

tx
: 1

 
LT

BI
, t

x,
 n

o 
ad

ve
rs

e 
ev

en
ts

: 
0.

99
 

LT
BI

, t
x,

 D
IL

I: 
0.

85
 

Ac
tiv

e 
TB

, n
on

-
M

DR
 (p

re
 a

nd
 

du
rin

g 
tx

): 
0.

80
 

(n
o 

ra
ng

e)
 

Ac
tiv

e 
TB

, M
DR

 
(p

re
 a

nd
 d

ur
in

g 
tx

): 
0.

58
 (n

o 
ra

ng
e)

Page 9 of 35

Wellcome Open Research 2023, 6:51 Last updated: 03 APR 2023



St
ud

y 
(a

ut
ho

r, 
ye

ar
)

D
at

a 
so

ur
ce

s
AR

T 
an

d 
M

D
R 

as
su

m
pt

io
ns

LT
BI

 
pr

ev
al

en
ce

a
Se

co
nd

ar
y 

TB
 in

fe
ct

io
n 

tr
an

sm
is

si
on

An
nu

al
 

re
ac

ti
va

ti
on

 
ra

te
 /a

ct
iv

e 
TB

 
m

or
ta

lit
y

Te
st

 u
se

d 
(s

en
si

ti
vi

ty
, 

sp
ec

ifi
ci

ty
)

Sc
re

en
in

g 
an

d 
PT

 
up

ta
ke

, 
ad

he
re

nc
e,

 
co

m
pl

et
io

n

LT
BI

 P
T 

re
gi

m
en

 
an

d 
eff

ec
ti

ve
ne

ss
b

Ad
ve

rs
e 

ev
en

ts
U

ti
lit

ie
s

Az
ad

i 
et

 a
l. 

20
14

24

Cl
us

te
r-

ra
nd

om
ise

d 
tr

ia
l 

20
05

-2
00

9 
pr

ov
id

in
g 

TS
T 

an
d 

IP
T 

to
 P

LW
H

 
in

 2
9 

H
IV

 
cli

ni
cs

 in
 R

io
 

de
 Ja

ne
iro

 
(T

H
Ri

o 
st

ud
y)

 

M
aj

or
ity

 (6
7%

) 
of

 c
oh

or
t o

n 
AR

T 
w

he
n 

in
iti

at
in

g 
PT

. O
f 

th
e 

re
m

ai
nd

er
, 

35
%

 in
iti

at
ed

 
AR

T 
at

 s
om

e 
po

in
t d

ur
in

g 
PT

. M
DR

 n
ot

 
in

clu
de

d.

N
R

N
ot

 in
clu

de
d

4.
8%

/y
ea

rk  
M

or
ta

lit
y: 

1.
3 

TB
 

de
at

hs
 o

ve
r 2

0 
ye

ar
s 

am
on

g 
10

0 
PL

W
H

 p
at

ie
nt

sl

TS
T 

(N
R,

 N
R)

N
R

IN
H

 6
m

o 
87

%
 e

ffe
ct

ive
ne

ss
m

N
ot

 in
clu

de
d

TB
/H

IV
 c

o-
in

fe
ct

ed
: 7

2.
78

 
TB

-in
fe

ct
ed

: 
74

.0
9 

H
IV

-in
fe

ct
ed

: 
77

.4
0n

Ca
po

cc
i 

et
 a

l..
 

20
15

25

10
 y

ea
r 

fo
llo

w
-u

p 
da

ta
 (2

00
0-

20
10

) f
ro

m
 

a 
la

rg
e 

Lo
nd

on
, U

K 
H

IV
 c

lin
ica

l 
co

ho
rt

M
od

el
 

pa
ra

m
et

er
ise

d 
fo

r 2
00

0-
20

05
 

an
d 

20
05

-
20

10
 to

 re
fle

ct
 

ch
an

ge
 in

 A
RT

 
co

ve
ra

ge
 in

 U
K 

ov
er

 ti
m

e.
 A

RT
 

co
ve

ra
ge

: 6
1%

 
(2

00
0)

, 7
4%

 
(2

00
5)

, 8
6%

 
(2

01
0)

.o  
Eff

ec
t o

f t
x 

re
sis

ta
nc

e 
im

pl
ici

tly
 

ex
pl

or
ed

 in
 

se
ns

iti
vit

y 
an

al
ys

is 
by

 
va

ry
in

g 
PT

 
eff

ec
tiv

en
es

s 
an

d 
tx

 c
os

ts
.

Bl
ac

k 
Af

ric
an

s: 
13

%
 

M
id

dl
e 

TB
 

in
cid

en
ce

 
co

un
tr

ie
s: 

10
%

 
Lo

w
 T

B 
in

cid
en

ce
 

co
un

tr
ie

s: 
3%

N
ot

 in
clu

de
d

N
R 

M
or

ta
lit

y: 
N

R
TS

T 
(N

R,
 N

R)
 

IG
RA

 (9
1%

 [7
0-

10
0%

], 
N

R)

Sc
re

en
in

g 
up

ta
ke

: 8
7%

 
(8

7-
10

0%
) 

87
%

 (6
0-

10
0%

) 
PT

 u
pt

ak
e 

(re
m

ai
nd

er
 

st
at

ed
 to

 
ha

ve
 d

ec
lin

ed
 

or
 fa

ile
d 

to
 

co
m

pl
et

e 
PT

)p

IN
H

 6
m

o 
62

%
 (4

0-
10

0%
)

N
ot

 in
clu

de
d

Q
ua

lit
y 

of
 li

fe
 

de
cr

em
en

ts
: 

Ac
tiv

e 
TB

: 0
.6

76
 

(0
.2

71
-6

.7
2)

q  
LT

BI
: 0

.0
07

 
(0

.0
01

-0
.1

)

Ta
sil

lo
 

et
 a

l. 
20

17
29

Pu
bl

ish
ed

 
lit

er
at

ur
e

N
R 

M
DR

 n
ot

 
in

clu
de

d.

15
.9

%
 (r

an
ge

 
0-

10
0%

)
Se

co
nd

ar
y 

in
fe

ct
io

ns
 (fi

rs
t 

ge
ne

ra
tio

n 
on

ly)
. 0

.2
50

 
ca

se
s 

(0
.1

-1
.0

) 
(u

ni
ts

 n
ot

 
sp

ec
ifi

ed
)

10
%

 (r
an

ge
 5

-2
0%

) 
lif

et
im

e 
ris

k 
M

or
ta

lit
y: 

0.
05

 
(ra

ng
e 

0.
02

5-
0.

07
5)

r

TS
T 

(6
7%

 [5
0-

10
0%

], 
87

%
 [5

0-
10

0%
]) 

IG
RA

 (7
7%

 [5
0-

10
0%

], 
99

%
 [5

0-
10

0%
])

Sc
re

en
in

g 
up

ta
ke

: N
R;

 
re

tu
rn

 fo
r T

ST
 

re
su

lt:
 8

2%
 

(0
-1

00
%

) 
PT

 u
pt

ak
e:

 
90

%
 (5

0-
10

0%
) 

PT
 c

om
pl

et
io

n:
 

78
.3

%
 (5

0-
10

0%
)

IN
H

 +
 ri

fa
pe

nt
in

e 
3m

o 
90

%
 (5

0-
10

0%
)

DI
LI

: 0
.5

%
 (0

.0
-

1.
0%

) 
(D

IL
I m

or
ta

lit
y: 

0.
1%

 (0
.0

-0
.2

%
))

LT
BI

: 1
 (0

.9
9-

1.
0)

 
DI

LI
: 0

.7
50

 (0
.6

-
1.

0)
 

Ac
tiv

e 
TB

: 0
.8

3 
(0

.7
5-

1.
0)

 
Po

st
-T

B:
 1

 (0
.8

7-
1.

0)

Page 10 of 35

Wellcome Open Research 2023, 6:51 Last updated: 03 APR 2023



St
ud

y 
(a

ut
ho

r, 
ye

ar
)

D
at

a 
so

ur
ce

s
AR

T 
an

d 
M

D
R 

as
su

m
pt

io
ns

LT
BI

 
pr

ev
al

en
ce

a
Se

co
nd

ar
y 

TB
 in

fe
ct

io
n 

tr
an

sm
is

si
on

An
nu

al
 

re
ac

ti
va

ti
on

 
ra

te
 /a

ct
iv

e 
TB

 
m

or
ta

lit
y

Te
st

 u
se

d 
(s

en
si

ti
vi

ty
, 

sp
ec

ifi
ci

ty
)

Sc
re

en
in

g 
an

d 
PT

 
up

ta
ke

, 
ad

he
re

nc
e,

 
co

m
pl

et
io

n

LT
BI

 P
T 

re
gi

m
en

 
an

d 
eff

ec
ti

ve
ne

ss
b

Ad
ve

rs
e 

ev
en

ts
U

ti
lit

ie
s

W
on

g 
et

 a
l. 

20
19

30

15
-y

ea
r 

lo
ng

itu
di

na
l 

cli
ni

c 
da

ta
. 

Pa
tie

nt
s 

di
ag

no
se

d 
20

02
-2

01
7

AR
T 

co
ve

ra
ge

 
va

rie
d 

in
 

sc
en

ar
io

s 
be

tw
ee

n 
ba

se
lin

e 
(8

0%
) a

nd
 

10
0%

. 1
00

%
 

AR
T 

co
ve

ra
ge

 
as

su
m

ed
 

fo
llo

w
in

g 
ac

tiv
e 

TB
 d

ia
gn

os
is.

 
1.

6%
 M

DR
 

– 
hi

gh
er

 
m

or
bi

di
ty

, 
ne

ar
ly 

10
-fo

ld
 

hi
gh

er
 tx

 c
os

ts

26
.2

%
s

N
ot

 in
clu

de
d

Pr
e-

AR
T:

 
N

on
-lo

ca
ls,

t  C
D4

 
<2

00
: 3

9.
1%

/y
ea

r 
N

on
-lo

ca
ls 

CD
4 

>=
20

0:
 2

0.
9%

/y
ea

r 
Lo

ca
ls 

CD
4 

<2
00

: 
10

.7
%

/y
ea

r 
Lo

ca
ls 

CD
4 

>=
20

0:
 

7.
9%

/y
ea

r 
O

n 
AR

T:
 

N
on

-lo
ca

ls,
 C

D4
 

<2
00

: 4
2.

9%
/y

ea
r 

N
on

-lo
ca

ls 
CD

4 
>=

20
0:

 9
.1

%
/y

ea
r 

Lo
ca

ls 
CD

4 
<2

00
: 

9.
5%

/y
ea

r 
Lo

ca
ls 

CD
4 

>=
20

0:
 

2.
3%

/y
ea

r 
M

or
ta

lit
y: 

0.
00

01
r

TS
T 

(N
R,

 N
R)

LT
BI

 s
cr

ee
ni

ng
 

up
ta

ke
: 

44
-6

5%
 (fi

rs
t 

ye
ar

) 
39

-6
6%

/y
ea

r 
(s

ub
se

qu
en

t 
ye

ar
s)

 
PT

 u
pt

ak
e:

 4
4-

76
%

 (v
ar

ie
d 

by
 

st
ud

y 
ye

ar
)

IN
H

 9
m

o 
Pr

e-
AR

T:
 T

B 
re

ac
tiv

at
io

n 
re

du
ce

d 
to

 0
–0

.0
05

1 
ca

se
s/

py
 

O
n 

AR
T:

 T
B 

re
ac

tiv
at

io
n 

re
du

ce
d 

to
 0

–0
.0

19
6 

ca
se

s/
py

 
(ra

ng
e 

de
pe

nd
s 

on
 

CD
4 

co
un

t a
nd

 lo
ca

ls 
vs

 n
on

-lo
ca

ls)
u

N
ot

 in
clu

de
d

W
ith

ou
t T

B 
= 

1v  
Ac

tiv
e 

TB
, C

D4
 

≥2
00

: 0
.8

3 
Ac

tiv
e 

TB
, C

D4
 

<2
00

: 0
.7

02
 

M
DR

-T
B:

 0
.6

8

Jo
 e

t a
l. 

20
21

31
Pu

bl
ish

ed
 

lit
er

at
ur

e
As

su
m

ed
 P

LW
H

 
po

pu
la

tio
n 

re
ce

ivi
ng

 A
RT

 
M

DR
 n

ot
 

in
clu

de
d

Ca
lib

ra
te

d 
us

in
g 

na
tio

na
l T

B 
su

rv
ei

lla
nc

e 
da

ta
 

st
ra

tifi
ed

 
by

 s
ta

te
, 

et
hn

ici
ty

, 
ag

e,
 a

nd
 

5-
ye

ar
 ti

m
e 

pe
rio

ds

Tr
an

sm
iss

io
n 

dy
na

m
ic 

m
od

el
. 

Av
er

ag
e 

nu
m

be
r o

f 
tra

ns
m

iss
io

ns
 

pe
r a

ct
ive

 
TB

 c
as

e 
ca

lib
ra

te
d 

to
 

st
at

e-
sp

ec
ifi

c 
TB

 in
cid

en
ce

 
(w

hi
ch

 
de

ca
ye

d 
ov

er
 

tim
e)

Ca
lib

ra
te

d 
us

in
g 

na
tio

na
l 

TB
 s

ur
ve

illa
nc

e 
da

ta
, a

ss
um

in
g 

ex
po

ne
nt

ia
l 

de
cli

ne
 in

 
re

ac
tiv

at
io

n 
ra

te
 

ov
er

 ti
m

e 
an

d 
hi

gh
er

 ra
te

 w
ith

 
ol

de
r a

ge
 

9.
2%

 a
ct

ive
 T

B 
ca

se
 fa

ta
lit

y

IG
RA

 (8
5%

, N
R)

Sc
re

en
in

g 
up

ta
ke

: 1
00

%
 

PT
 u

pt
ak

e:
 

85
%

 
PT

 c
om

pl
et

io
n:

 
78

%

IN
H

 +
 ri

fa
pe

nt
in

e 
3m

o 
93

%

3.
2%

 w
ith

ou
t 

ho
sp

ita
lis

at
io

n,
 

0.
01

5%
 w

ith
 

ho
sp

ita
lis

at
io

n

LT
BI

: 0
.9

7 
Ac

tiv
e 

TB
: 0

.7
6 

H
IV

 s
ta

te
 

(a
ss

um
in

g 
as

ym
pt

om
at

ic 
w

ith
 A

RT
): 

0.
94

 
PT

 to
xi

cit
y 

(n
o 

ho
sp

ita
lis

at
io

n)
: 

0.
75

w
 

PT
 to

xi
cit

y 
(h

os
pi

ta
lis

at
io

n)
: 

0.
5 

Q
AL

Y 
lo

ss
es

: 
Ac

tiv
e 

(n
on

-fa
ta

l) 
TB

: 0
.1

2 
M

ea
n 

lo
ss

 d
ue

 to
 

PT
 to

xi
cit

y: 
0.

00
2

Page 11 of 35

Wellcome Open Research 2023, 6:51 Last updated: 03 APR 2023



St
ud

y 
(a

ut
ho

r, 
ye

ar
)

D
at

a 
so

ur
ce

s
AR

T 
an

d 
M

D
R 

as
su

m
pt

io
ns

LT
BI

 
pr

ev
al

en
ce

a
Se

co
nd

ar
y 

TB
 in

fe
ct

io
n 

tr
an

sm
is

si
on

An
nu

al
 

re
ac

ti
va

ti
on

 
ra

te
 /a

ct
iv

e 
TB

 
m

or
ta

lit
y

Te
st

 u
se

d 
(s

en
si

ti
vi

ty
, 

sp
ec

ifi
ci

ty
)

Sc
re

en
in

g 
an

d 
PT

 
up

ta
ke

, 
ad

he
re

nc
e,

 
co

m
pl

et
io

n

LT
BI

 P
T 

re
gi

m
en

 
an

d 
eff

ec
ti

ve
ne

ss
b

Ad
ve

rs
e 

ev
en

ts
U

ti
lit

ie
s

Ca
po

cc
i 

et
 a

l. 
20

20
32

H
IV

 c
lin

ica
l 

co
ho

rt
 p

lu
s 

pu
bl

ish
ed

 
lit

er
at

ur
e

95
%

 c
lin

ic 
po

pu
la

tio
n 

pa
ra

m
et

er
isi

ng
 

th
e 

m
od

el
 w

er
e 

on
 A

RT
; B

H
IV

A 
gu

id
el

in
es

 
st

ra
te

gy
 b

as
ed

 
on

 d
ur

at
io

n 
of

 
AR

T 
us

e 
M

DR
 n

ot
 

in
clu

de
d

9%
 te

st
ed

 
su

bj
ec

ts
0.

2 
se

co
nd

ar
y 

ac
tiv

e 
TB

 c
as

es
 

pr
ev

en
te

d 
by

 a
ve

rt
in

g 
ea

ch
 a

ct
ive

 
ca

se
 o

f T
B 

(0
.4

, 1
.0

 a
nd

 
2.

0 
ex

pl
or

ed
 

in
 s

en
sit

ivi
ty

 
an

al
ys

is)

Li
fe

tim
e 

ris
k 

of
 

ac
tiv

e 
TB

: 
IG

RA
+:

 1
0%

 
TS

T+
/IG

RA
–:

 2
%

 
TS

T–
/IG

RA
–:

 0
.0

2%
x  

(9
2/

10
0,

00
0 

lif
et

im
e 

re
ac

tiv
at

io
n 

ris
k 

fo
r 

PL
W

H
 in

 E
ng

la
nd

 
an

d 
W

al
es

) 
M

or
ta

lit
y 

N
R

TS
T 

(N
R,

 N
R)

 
IG

RA
 (N

R,
 N

R)
TS

T 
re

tu
rn

 ra
te

 
fo

r t
ho

se
 

ha
vin

g 
TS

Ts
 a

s 
w

el
l a

s 
IG

RA
s: 

53
%

 (3
0-

90
%

) 
PT

 u
pt

ak
e:

 
50

%
 (3

5-
65

%
) 

PT
 c

om
pl

et
io

n:
 

N
R

IN
H

 6
m

o 
or

 IN
H

 +
 

rif
am

pi
cin

 3
m

o 
62

%
 (5

9-
65

%
)

N
ot

 in
clu

de
d

Q
ua

lit
y 

of
 li

fe
 

de
cr

em
en

ts
: 

Ac
tiv

e 
TB

: 0
.6

76
 

LT
BI

: 0
.0

07
 

Tx
 a

sy
m

pt
om

at
ic 

ac
tiv

e 
TB

: 0
.2

AR
T 

– 
an

tir
et

ro
vir

al
 th

er
ap

y; 
BC

G
 - 

Ba
cil

lu
s 

Ca
lm

et
te

-G
ué

rin
; B

H
IV

A 
– 

Br
iti

sh
 H

IV
 A

ss
oc

ia
tio

n;
 C

BA
 –

 c
os

t-b
en

efi
t a

na
lys

is;
 C

D4
 –

 C
D4

 c
ou

nt
 (c

el
ls/

m
m

3 );
 C

E 
– 

co
st

-e
ffe

ct
ive

ne
ss

; C
EA

 –
 c

os
t-e

ffe
ct

ive
ne

ss
 a

na
lys

is;
 

CU
A 

– 
co

st
-u

til
ity

 a
na

lys
is;

 D
IL

I –
 d

ru
g-

in
du

ce
d 

liv
er

 in
ju

ry
; E

E 
– 

ec
on

om
ic 

ev
al

ua
tio

n;
 G

DP
 –

 G
ro

ss
 D

om
es

tic
 P

ro
du

ct
; H

IV
+ 

– 
H

IV
-in

fe
ct

ed
; I

CE
R 

– 
in

cr
em

en
ta

l c
os

t-e
ffe

ct
ive

ne
ss

 ra
tio

; I
G

RA
 –

 in
te

rfe
ro

n 
ga

m
m

a 
re

le
as

e 
as

sa
y; 

IN
H

 –
 is

on
ia

zid
; L

TB
I –

 la
te

nt
 tu

be
rc

ul
os

is 
in

fe
ct

io
n;

 M
DR

 –
 m

ul
tid

ru
g 

re
sis

ta
nt

; m
o 

– 
m

on
th

s; 
N

R 
– 

no
t r

ep
or

te
d;

 O
I –

 o
pp

or
tu

ni
st

ic 
in

fe
ct

io
n;

 P
T 

– 
pr

ev
en

tiv
e 

th
er

ap
y 

fo
r L

TB
I; 

py
 –

 p
er

so
n-

ye
ar

; T
ST

 
– 

tu
be

rc
ul

in
 s

ki
n 

te
st

; t
x 

– 
tr

ea
tm

en
t; 

y 
– 

ye
ar

s; 
Z 

– 
Py

ra
zin

am
id

e.
a  P

re
va

le
nc

e 
of

 L
TB

I a
m

on
g 

PL
W

H
.

b  U
nl

es
s 

ot
he

rw
ise

 s
ta

te
d,

 e
ffe

ct
ive

ne
ss

 is
 o

f c
om

pl
et

ed
 re

gi
m

en
.

c  C
al

cu
la

te
d 

ba
se

d 
on

 re
po

rt
ed

 T
B 

pr
ev

al
en

ce
 a

m
on

g 
tu

be
rc

ul
in

-p
os

iti
ve

, t
ub

er
cu

lin
-n

eg
at

ive
 n

on
-a

ne
rg

ic 
an

d 
an

er
gi

c 
pa

tie
nt

s.
d  N

on
-a

dh
er

er
s 

ar
e 

as
su

m
ed

 to
 b

e 
ex

pe
rie

nc
e 

ze
ro

 P
T 

eff
ec

tiv
en

es
s 

an
d 

ze
ro

 fr
eq

ue
nc

y 
of

 a
dv

er
se

 e
ve

nt
s.

e  A
ss

um
es

 D
IL

I o
cc

ur
s 

on
 a

ve
ra

ge
 d

ur
in

g 
th

ird
 m

on
th

 o
f p

re
ve

nt
ive

 th
er

ap
y.

f  S
aw

er
t e

t a
l. 

19
98

28
 s

ta
te

 th
at

 th
ey

 u
se

d 
“m

ed
ia

ns
 o

f r
ec

en
tly

 p
ub

lis
he

d 
Q

oL
 a

dj
us

tm
en

t f
ac

to
rs

 fo
r v

ar
io

us
 le

ve
ls 

of
 im

m
un

os
up

pr
es

sio
n 

in
 H

IV
 in

fe
ct

io
n43

”.
g  L

ow
er

 s
pe

cifi
cit

y 
fo

r n
on

-U
S-

bo
rn

 d
ue

 to
 B

ac
illu

s 
Ca

lm
et

te
-G

ué
rin

 (B
CG

) v
ac

cin
at

io
n.

h  N
o 

ju
st

ifi
ca

tio
n 

fo
r l

ar
ge

 d
iff

er
en

ce
 in

 a
dh

er
en

ce
 ra

te
s 

be
tw

ee
n 

TS
T-

po
sit

ive
 a

nd
 IG

RA
-p

os
iti

ve
 P

LW
H

 p
ro

vid
ed

.
i  N

o 
in

fo
rm

at
io

n 
on

 h
ow

 a
dh

er
en

ce
 re

la
te

s 
to

 P
T 

eff
ec

tiv
en

es
s 

an
d 

ad
ve

rs
e 

ev
en

ts
.

j  A
ll 

st
at

es
 a

re
 a

m
on

g 
pr

eg
na

nt
 P

LW
H

.
k  A

ss
um

in
g 

11
.5

 T
B 

ca
se

s 
ov

er
 2

0 
ye

ar
s 

am
on

g 
10

0 
PL

W
H

 p
at

ie
nt

s 
(w

ith
 1

2%
 L

TB
I p

re
va

le
nc

e)
.

l M
aj

or
ity

 o
f P

LH
IV

 a
re

 n
ot

 L
TB

I-i
nf

ec
te

d;
 m

or
ta

lit
y 

of
 in

di
vid

ua
ls 

w
ith

 a
ct

ive
 T

B 
no

t s
ta

te
d.

m
An

 a
dd

iti
on

al
 e

ffe
ct

 o
f P

T 
re

du
cin

g 
TB

 m
or

ta
lit

y 
(b

y 
17

%
) i

n 
ad

di
tio

n 
to

 re
du

cin
g 

TB
 in

cid
en

ce
 w

as
 e

xp
lo

re
d 

in
 s

en
sit

ivi
ty

 a
na

lys
is.

n 
As

su
m

ed
 in

di
vid

ua
ls 

ex
pe

rie
nc

e 
th

e 
TB

/H
IV

 c
o-

in
fe

ct
ed

 d
isa

bi
lit

y 
st

at
e 

fo
r 1

 y
ea

r b
ef

or
e 

re
ve

rt
in

g 
to

 th
e 

di
sa

bi
lit

y 
st

at
e 

of
 c

hr
on

ic 
H

IV
.

o  I
n 

ad
di

tio
n,

 fo
r t

he
 s

ce
na

rio
 u

sin
g 

BH
IV

A 
gu

id
el

in
es

, L
TB

I t
es

tin
g 

is 
de

pe
nd

en
t o

n 
du

ra
tio

n 
of

 A
RT

 u
se

. R
ec

om
m

en
de

d 
LT

BI
 te

st
in

g 
fo

r P
LW

H
 fr

om
 s

ub
 S

ah
ar

an
 A

fri
ca

 if
 d

ur
at

io
n 

on
 A

RT
 <

2 
ye

ar
s; 

fro
m

 a
 m

id
dl

e 
TB

 in
cid

en
ce

 c
ou

nt
ry

 a
nd

 C
D4

 c
ou

nt
 <

50
0 

ce
lls

/m
m

3  a
nd

 d
ur

at
io

n 
on

 A
RT

 <
2 

ye
ar

s; 
an

d 
fro

m
 a

 lo
w

 T
B 

in
cid

en
ce

 c
ou

nt
ry

 a
nd

 C
D4

 c
ou

nt
 <

35
0 

ce
lls

/m
m

3  a
nd

 d
ur

at
io

n 
on

 A
RT

 <
6 

m
on

th
s25

.
p  S

ub
op

tim
al

 a
dh

er
en

ce
 is

 a
cc

ou
nt

ed
 fo

r t
hr

ou
gh

 lo
w

er
 e

st
im

at
es

 o
f P

T 
eff

ec
tiv

en
es

s.
q A

s 
st

at
ed

 in
 th

e 
pu

bl
ica

tio
n.

r N
o 

un
its

 s
ta

te
d.

s  W
on

g 
et

 a
l. 

re
po

rt
 th

at
 2

6.
2%

 o
f t

ho
se

 te
st

ed
 fo

r L
TB

I w
er

e 
po

sit
ive

 a
m

on
g 

th
ei

r c
oh

or
t b

ut
 L

TB
I p

re
va

le
nc

e 
re

po
rt

ed
 fo

r l
oc

al
 a

nd
 n

on
-lo

ca
l P

LW
H

 p
op

ul
at

io
ns

 in
 S

up
pl

em
en

ta
ry

 O
nl

in
e 

Co
nt

en
t d

oe
s 

no
t t

al
ly 

w
ith

 th
is30

.
t  “

N
on

lo
ca

l” 
in

fe
ct

io
ns

 a
re

 d
efi

ne
d 

as
 “i

nf
ec

tio
ns

 in
 n

on
-C

hi
ne

se
 in

di
vid

ua
ls 

an
d 

re
sid

en
ts

 w
ith

ou
t r

ig
ht

 o
f a

bo
de

”.
u 
PT

 e
ffe

ct
ive

ne
ss

: P
re

-A
RT

: N
on

-lo
ca

ls:
 re

ac
tiv

at
io

n 
re

du
ce

d 
to

 0
, a

ll 
CD

4 
co

un
ts

. L
oc

al
s: 

re
du

ce
d 

to
 z

er
o 

fo
r C

D4
 >

=2
00

 c
el

ls/
m

m
3 ; 

re
du

ce
d 

to
 0

.0
05

1 
ca

se
s/

py
 fo

r C
D4

 <
20

0 
ce

lls
/m

m
3  (

21
-fo

ld
 re

du
ct

io
n)

. O
n 

AR
T:

 
N

on
-lo

ca
ls:

 re
du

ce
d 

to
 z

er
o 

fo
r C

D4
 >

=2
00

 c
el

ls/
m

m
3 ; 

re
du

ce
d 

to
 0

.0
19

6 
ca

se
s/

py
 fo

r C
D4

 <
20

0 
ce

lls
/m

m
3  (

22
-fo

ld
 re

du
ct

io
n)

; L
oc

al
s 

CD
4 

<2
00

 c
el

ls/
m

m
3 : 

0.
00

18
 c

as
es

/p
y 

(5
3-

fo
ld

 re
du

ct
io

n)
; L

oc
al

s 
CD

4 
>=

20
0 

ce
lls

/m
m

3 : 
0.

00
25

 (9
-fo

ld
 re

du
ct

io
n)

.
v U

til
ity

 =
 1

 fo
r T

B-
un

in
fe

ct
ed

 P
LH

IV
 re

ga
rd

le
ss

 o
f C

D4
 c

ou
nt

.
w
St

at
ed

 a
s 

0.
25

 in
 Jo

 e
t a

l.31
 b

ut
 fr

om
 re

vie
w

 o
f t

he
 s

ou
rc

e 
pu

bl
ica

tio
n,

 th
is 

re
pr

es
en

ts
 th

e 
ut

ilit
y 

de
cr

em
en

t r
at

he
r t

ha
n 

th
e 

ut
ilit

y 
w

ei
gh

t44
.

x S
ta

te
d 

as
 0

.2
%

 fo
r p

at
ie

nt
s 

te
st

in
g 

TS
T–

 in
 th

e 
Su

pp
le

m
en

ta
ry

 M
at

er
ia

l32
.

Page 12 of 35

Wellcome Open Research 2023, 6:51 Last updated: 03 APR 2023



screenings”), keeping each analysis independent and comparing 
only costs and benefits for each test type used26. The author used 
the most cost-effective testing strategy as the base case for each  
scenario, so all other ICER values presented were dominated.

One study specified that LTBI screening was undertaken at HIV 
diagnosis and annually thereafter30; other studies modelled  
screening of populations in established HIV care24,25,31 or this 
was not recorded but is likely also to have been established  
care26–29. Capocci et al. 2020 stated that the population on 
which their model was based was offered LTBI screening at 
their next routine appointment for those in established care, as  
well as all newly HIV-diagnosed patients32.

Screening and treatment parameters. Two-thirds of stud-
ies did not report or incompletely reported test sensitivity and 
specificity values used24,25,28,30–32 (Table 2). For those studies  
reporting, TST sensitivity was 43–89% and specificity was 
59–92%. IGRA sensitivity was 61%–83% while specificity was 
consistent at 98–99%. TST specificity is known to vary by BCG  
inoculation status, but only one study accounted for this (97% 
specificity for non-BCG-vaccinated individuals, 59% for  
vaccinated individuals26). A further study stratified specificity 
by country of origin to reflect this difference implicitly (98% 
for US-born, 92% for non-US-born27). The remaining study  
assumed 87% specificity29.

Assumed effectiveness of full-course PT with isoniazid (INH) 
for six months was 62–68%25,26 (effectiveness assumptions 
were unclear in the study by Azadi et al.24), while nine-month  
effectiveness was assumed to be 90% for one study27, while a 
second study assumed differential effectiveness by CD4 count 
and region of origin (locals versus non-locals)30. Effective-
ness of twelve-month INH and three-month INH + rifapentine  
were estimated as 85–95%28 and 90–93%29,31, respectively.  
Capocci et al. 2020 assumed 62% effectiveness for a cohort 
receiving either six-month INH or three-month INH + rifampicin,  
depending on drug interactions32.

PT adherence was reported heterogeneously. Some studies  
reported adherence levels (Sawert et al.28; Kowada et al. used 
different adherence levels depending on the test used26) while 
others reported PT uptake coverage and proportion completing  
the PT course27,29,31, but how adherence related to PT effective-
ness varied and was not always clear. For example, Sawert et al.  
assumed non-adherers had zero PT effectiveness and zero 
adverse events28. Linas et al. modelled PT effectiveness as a  
function of length of PT received (3–5, 6–8, full-course nine 
months) but did not state how their assumed 52% completion 
rate for PLWH translated into these lengths27. Kowada et al.  
assumed strikingly different PT adherence for PLWH using 
the IGRA (80%) and TST (50%) tests, without explanation for  
this difference or how this affected PT effectiveness26.

Adverse events were included by only five studies  
(Table 226–29,31) (drug-induced liver injury (DILI) only26–29, not 
specified by Jo et al.31). Adverse event prevalence ranged from 
0.1% (Linas et al. <34-year PLWH27) to a range 0.3–6.4%28.  
DILI-related mortality was accounted for in two studies (Linas  
et al. 1%27, Tasillo et al. 0.1%29) and a quality of life impact 

for four studies26,27,29,31 (utility values not reported by  
Sawert et al.28).

Epidemiological parameters. A wide range of LTBI preva-
lence estimates for the target populations were used, from 5.3%  
(PLWH in the US27) to a range as high as 11–55% (postpartum 
women in low TB incidence countries26) (Table 2).  
Jo et al. calibrated both LTBI prevalence and reactivation rate 
of LTBI to TB disease using TB incidence data, with values  
not explicitly reported31. Reported reactivation rates were also 
heterogeneous, with values of around 2%/year for PLWH with  
high CD4 counts in some studies26–28 and lifetime risk 10%29,32, 
to extremely large values of 8–21%/year even for PLWH at  
high CD4 counts30.

Secondary TB transmission was included in five of the nine  
studies27–29,31,32, all including only first generation transmission 
but assuming different transmission rates, with the exception 
of Jo et al., who employed a full TB infection transmission 
model31. Again, the model parameter, average number of trans-
missions per active TB case, was calibrated to state-specific TB 
incidence levels (which decayed over time), but values for this  
decline were not reported. TB-related mortality also varied  
considerably, being far lower in the ART era than rates assumed 
by Sawert et al. in the absence of ART28, although Jo et al. 
used a notably high 9.2% active TB case fatality31. Incorporat-
ing secondary transmission will improve estimation of cost- 
effectiveness, as both the costs and health benefits of preventing  
secondary TB infections are taken into account. However, the 
magnitude of this impact depends on many model parameters 
including reactivation rate, infectiousness of people with active 
TB, and the treatment costs, morbidity and mortality of active TB  
infection. Recording of these epidemiological parameters was 
incomplete for some studies24,25,32 (Table 2). Therefore there is 
no clear relationship evident between incorporation of secondary  
TB transmission and cost-effectiveness estimation.

Three studies accounted for multi-drug resistance (MDR)26,28,30, 
all of which assumed around 10-fold higher treatment costs  
for active TB and two of which assumed higher morbidity  
and/or mortality26,30. In addition, Capocci et al. 2015 stated that  
they implicitly incorporated the impact of treatment resist-
ance into their treatment effectiveness estimate25. Three studies 
did not explicitly incorporate ART (Table 2). ART use would be  
expected to reduce cost-effectiveness estimates; it reduces health 
benefits of the intervention because TB progression rates and 
active TB-related mortality is vastly reduced for PLWH on  
ART45. The one study parameterised based on the pre-ART era 
found LTBI screening/PT to be cost-saving28. In addition, HIV 
treatment and care costs continue for life; therefore, for PLWH 
whose lives are saved by preventing TB-related mortality, these  
costs continue to accrue over their lifetime. However, of the 
four studies explicitly incorporating the health impact of 
ART24,25,29,30, only one included HIV care/ART costs in their  
analysis29.

Utility (quality of life) values. All studies used QALYs as the  
principal health outcome measure except Azadi et al., who 
used DALYs for their study based in Brazil24. One study did 
not report utility values28. While some studies assumed LTBI 
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had no impact on utility values for PLWH26,27,29, others assumed 
a small decrement25,31,32. TB disease was associated with a  
0.17–0.2026,27,30,31 utility decrement except for Azadi et al. 
(assumed a very small difference in disability weights 
between TB-HIV coinfected and HIV-infected individuals: 
72.78 and 77.40, respectively24) and Capocci et al. (0.676  
decrement25,32). Kowada et al. assumed a utility of 1 for all PLWH 
uninfected with TB, even for PLWH with low CD4 counts26. 
Other utility decrements included by some studies included  
adverse events26,27,29,31 and MDR26,30.

Costs. Key cost components are shown in Table 3. Despite  
adjusting for cost year, ranges for full-course LTBI PT 
($103–1333), adverse event management ($289–12,987), TB  

disease treatment ($741–18,565) and per screening test (TST 
$8.28–46.51, IGRA $57.60–104.76) were large. Tasillo et al. 
included monthly healthcare costs for HIV ($2061, range  
$1030–309129) while three studies assumed 10-fold higher treat-
ment costs for MDR TB)26,28,30. Capocci et al. 2020 included  
costs associated with asymptomatic, smear negative, culture posi-
tive TB ($1816)32 but full details of estimation were not reported. 

Main findings. The diversity of model assumptions and param-
eter values only partly explain the diverse results from these  
studies. Figure 2 summarises the ICER estimates each included  
study reported for various LTBI screening/PT strategies, along-
side willingness to pay (WTP) estimates quoted or discussed by 
each study. In general, studies found that at least one screening/PT  

Table 3. Key cost components (average per screened/treated patient)a extracted from included 
studies (adjusted to 2018 USDb). Where available, reported uncertainty bounds are also shown in brackets.

Study 
(author, year)

Full-course LTBI 
chemoprophylaxis

Adverse event 
management

Active TB 
treatment

TST/IGRA testing

Sawert et al. 199828 $357 (NS) $393c (NS) $7169 (NS) $10.22 (NS)/NA

Linas et al. 201127

$514 ($260-$781) $289c ($144-$434)
$15,920 ($7900-
$23,923)

$46.51 ($22-
$70)/$57.60 ($29-
$116)

Kowada 201426

$563 (NS) $12,987c (NS)

$18,565d 
($16,234-
$35,660)

$16.80 
(NS)/$66.12 (NS)

Azadi et al. 201424 $103 (NS) Not included $741 (NS) $31.92 (NS)/NA

Capocci et al. 201525

$1333 ($635-$2232) Unclear
$12,917 ($6459-
$25,834)

$27.36 ($14-
$55)/$104.76 
($40-$157)

Tasillo et al. 201729

$612 ($315-$1052) $354c  ($277-$540)
$16,693e ($3812-
$32,733)

$8.28 ($5-
$16)/$88.71 ($53-
$105)

Wong et al. 201930 $322 (NS) Not included $12,245d (NS) $20.15 (NS)/NA

Jo et al. 202131 $394-451f $216-247c,f $10,574-22,565f,g NA/$75-85f

Capocci et al. 202032

$969 ($485-$1939) Not included
$14,082 ($7041-
$28,164)

$26.94 ($13-
$54)/$77.64 ($39-
$155)

IGRA – interferon gamma release assay; NA – not applicable (test not included in the analysis); Not included – cost of test not 
included in the analysis; NS – uncertainty interval not stated; TST – tuberculin skin test; tx – treatment.
a List is not exhaustive.
b Prices uplifted to 2018 US prices (most recent data) using the US Bureau of Economic Analysis (BEA) Price Index for 
Personal Consumption Expenditures by Function – Health22. Costs for Capocci et al. 201525 were converted to Great British 
pounds using the exchange rate €1=£0.83 used in the publication, uplifted to 2018 UK prices using the UK Consumer Price 
Index of Health21, then converted to USD using the OECD purchasing power parity rate in 2018 (£0.687=US$123). Costs for 
Capocci et al. 202032 were also converted to USD using the 2018 OECD purchasing power parity rate23.
c Adverse events included were drug-induced liver injury (DILI) only for Sawert et al.,28 Linas et al.,27 Kowada et al.26 and Tasillo 
et al.29 Sawert et al. assumed 10% of DILI patients required hospitalisation28. Linas et al. assumed hospitalisation for fatal DILI 
cases (case fatality 1%) but unclear what proportion of non-fatal DILI cases required hospitalisation27 – we have assumed 0%. 
Tasillo et al. assumed excess costs for fatal DILI cases (case fatality 0.1%)29. Jo et al. assumed 0.5% of adverse events required 
hospitalisation31.
d Average of costs to treat multidrug resistant (MDR) and non-MDR active TB. Uncertainty range is based on percentage MDR 
varying between 0% and 10% of all infections.
e Average of treatment for non-severe and severe (requiring hospitalisation) active TB.
f Costs varied by US state.
g Probability of hospitalisation with active TB assumed to be 49%.
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strategy evaluated was cost-effective according to their setting-spe-
cific threshold (Figure 2 and Table 1) except Wong et al. because 
they evaluated strategies only for PLWH who tested TST-negative at  

baseline30. Of the testing strategies evaluated, both Tasillo and 
Linas et al. concluded that strategies involving IGRA testing 
for PLWH were most cost-effective27,29. 

Figure 2. Forest plot of included study incremental cost-effectiveness ratio estimates (ICERs) adjusted to 2018 prices. Vertical 
dashed lines show willingness to pay (WTP) thresholds used in the included papers: US$100,00027,29, US$50,000,26,27,30, £30,00032 (converted 
to US$43,668), and €24,00025 (converted to US$29,112) (these thresholds have not been uplifted to 2018 values because thresholds tend 
to remain fixed rather increasing with inflation). Interventions with cost-effectiveness estimates below a WTP threshold are interpreted as 
being value for money. Azadi et al. used the 2010 Brazilian GDP per capita (US$11,700) as the WTP threshold24. As this represents a more 
dynamic threshold, the value US$9001 is plotted, representing Brazil’s GDP per capita in 201846. For Capocci et al. 2020, only the 16 strategies 
reported in the main publication are shown (excludes no testing scenario and chest X-ray only scenario)32. CXR – chest X-ray; MI – middle TB 
incidence countries (40-300/100,000); NS – not stated; PLWH – people living with HIV; TST - tuberculin skin test; IGRA - interferon-gamma 
release assays. * “Low TB incidence countries” (majority of data taken from Japan). ** NICE recommendations: use both IGRA and TST if CD4 
count <200 cells/mm3, IGRA with or without concurrent TST if CD4 200-500 cells/mm3. BHIVA recommendations are to use IGRA test. ICERs 
shown are 2005-2010 estimates (2000-2005 estimates not shown)25. *** Confirm positive strategy: initial TST test, IGRA confirmation for TST 
positives. Confirm negative strategy: initial IGRA test, TST for all IGRA negatives, positive result on either test indicates LTBI.
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Capocci et al. 2015 concluded that for the UK, only strategies  
targeting LTBI screening to higher risk PLWH (as defined by 
NICE and BHIVA guidelines) were cost-effective in 2000–2005, 
but these strategies became more expensive (likely due to increased 
ART coverage and/or proportionally fewer PLWH from high 
TB incidence countries), so by 2005–2010 only the BHIVA  
targeting strategy (higher-risk PLWH defined by country of ori-
gin, CD4 count and ART duration) was cost-effective25. Their 
later paper included updated NICE guidelines and found that 
the most cost-effective strategies were not those based on UK  
guidelines, but involved targeting screening/PT to PLWH with 
country of origin in sub Saharan Africa and/or mid-high TB 
incidence countries32. In contrast, Jo et al. reported extremely 
favourable cost-effectiveness estimates for screening/PT to all  
PLWH in four US states31. Factors contributing to this large dif-
ference include the high TB disease case fatality assumed 
by Jo et al. (9.2%) and the high cost of LTBI PT assumed by  
Capocci et al. (Table 3). Overall, the heterogeneity in model 
assumptions and parameter values we have described make further 
comparisons between study estimates difficult.

Sensitivity analysis
All studies provided a univariate (one-way) sensitivity analysis 
using a selection of model parameters, and all but one27  
undertook probabilistic sensitivity analysis (PSA, where all  
or selected parameters are varied simultaneously within their  
parametric distribution to produce a range of plausible values 
for the ICER) (Table 4). However, choice and number of param-
eters included in analyses varied and were selected subjectively.  
Systematic presentation of the most influential parameters on 
model outcomes were attempted by four studies (as a table25,32 or 
as a Tornado plot24,31, albeit with only three parameters for Azadi 
et al.24). PSA was generally used to create cost-effectiveness 
acceptability curves (CEACs) only in earlier studies, showing 
the strategies by WTP threshold, but more recent studies 
employed a more systematic, comprehensive approach to SA 
including presentation of ICER estimates with uncertainty  
intervals31,32.

Quality assessment
Study reporting completeness varied considerably between stud-
ies (range 46–88% on CHEERS 25-point checklist, Table 5) with 
only three studies scoring >80%27,29,31 and two studies scoring  
<60%26,30. Particularly low-scoring items involved failure to 
justify model assumptions such as reasons for choice of time  
horizon, explanations of effectiveness and utility values used 
and full outlines of estimations of resources and costs. While  
only three points on the checklist are allotted to explana-
tion of the model used, structural assumptions and analytical 
methods used (items 15–17), these are crucial to a proper  
understanding of how each analysis was undertaken, and scores 
for these items were low (mean 0.39–0.50 across studies).  
Lacking a complete appreciation of all model assumptions made 
it difficult to evaluate potential biases in study design. How-
ever, of the eight studies conducted in the ART era24–27,29–32,  
only one included HIV care/ART costs in their analy-
sis, which may push cost-effectiveness estimates up29. Con-
versely, secondary transmission was included by only five 
studies27–29,31,32, despite its incorporation driving estimates  
down.

Similarly study quality, as assessed by comparing each included 
study to the Gates Reference Case for Economic Evaluation20, 
broadly found the same studies performed well25,27,31,32 and  
poorly26,30 as identified by the CHEERS checklist (Table 6).  
Generally, studies performed poorly on Gates principles which 
may only recently have been recognised as important for inclu-
sion in cost-effectiveness analyses, such as discussion of 
equity considerations and budget impact analysis (which is  
often performed separately to a cost-effectiveness analysis).  
Heterogeneity, in terms of exploring differential impacts of 
interventions within subpopulations, was handled differently 
by studies depending on the research question. This is because 
some studies treated PLWH as the primary patient population 
and evaluated respective subgroups (e.g., CD4 count strata28,  
migrant status26, country of birth25,32), while others included PLWH 
as one of several groups at risk for LTBI (e.g., close contacts of 
TB patients, migrants, vulnerable populations including home-
less, drug users and former prisoners, and individuals with medical 
comorbidities27,31). Given the small number of studies included, 
we could not conduct any formal subanalysis by study quality, but  
there was no trend in terms of cost-effectiveness by study quality.

Discussion
To our knowledge, this is the first systematic review of  
cost-effectiveness of LTBI screening/PT focussing on PLWH 
in lower TB incidence settings, and it highlights the limited  
number of studies published. Cost-effectiveness estimates of 
LTBI screening/PT for PLWH varied widely: taking studies  
published in the past five years, which should be relatively simi-
lar in terms of assumptions such as ART use, cost-effectiveness  
of strategies screening all PLWH varied from $2828 to $144,929 
(n=5, 2018 prices). Included studies have such variation in  
strategies evaluated, target populations and methods and 
assumptions used, that it is hard for policy makers to interpret 
these results, identifying which model inputs are driving these 
extreme values and how they relate to their own populations, in  
order to make informed decisions regarding screening strate-
gies. Strategies targeting screening/PT to PLWH at higher risk 
of LTBI were found to vary markedly in their cost-effectiveness  
(NICE 2016 strategy: $131,643/QALY gained, BHIVA 2011: 
$58,297/QALY gained in the UK32), with alternative strate-
gies found to be more cost-effective32. These findings should 
be evaluated in conjunction with estimates of number of  
LTBI cases missed by each strategy in order to devise revised, 
coherent national guidelines.

Study quality and reporting completeness were assessed using 
the Gates Reference Case for Economic Evaluation and the 
CHEERS checklist, respectively. However the insights gained 
from these were limited because of the heterogeneity between 
studies. Furthermore, generic measures of study quality may  
fail to capture which model assumptions are key and are most 
likely to bias the outcomes, as they are not specifically designed to  
evaluate or compare epidemiological models. Development 
of more precise evaluation tools for these types of analyses, 
where a range of different models may be used to evaluate cost- 
effectiveness of an infectious disease intervention, will help 
with model comparison. Such evaluation methods have already 
been developed for specific model types (infectious disease  
transmission models)47,48.
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Further research is required to provide the evidence base to  
inform LTBI screening policies. The many methodological facets 
listed in Table 1 and Table 2, which are not exhaustive,  
demonstrate the many factors contributing to study heterogene-
ity, with several study quality issues also identified, as outlined 
above. No study considered cost-effectiveness for children living 
with HIV. LTBI screening for newly HIV-diagnosed should be 
evaluated separately from catch-up programmes screening those in  
established HIV care, who are likely to have lower risk of 
LTBI. The most recent studies by Jo et al.31 and Capocci et al.  
202032 come to very different conclusions, and while they are 
from different settings (US and UK), policy makers from all 
lower TB incidence settings need to understand the factors  
driving these differences to develop effective strategies for 
their own populations. Among these, the high TB mortality rate 
assumed by Jo et al.31 (9.2%) will drive ICER estimates down  
while the high cost of PT assumed by Capocci et al. 202032  
will drive it up. However, TB mortality assumptions were not 
recorded by Capocci et al. 202032, and while Jo et al.31 fitted  
TB prevalence for the screened population to TB incidence 
data, prevalence estimates are not stated, so the reader cannot  
compare the two studies on many influential model inputs.

Capocci et al. 2015 demonstrated that cost-effectiveness of  
screening/PT strategies changed markedly over time25. As 
LTBI prevalence is likely to reduce further with global TB pre-
vention efforts, attention should focus on cost-effectiveness  
of targeting strategies to populations of PLWH at highest 
risk of infection and reflect on how cost-effectiveness may  
change over time as LTBI prevalence hopefully further decreases, 
as considered by Jo et al.31. However, LTBI screening/PT 
should not necessarily stop as its cost-effectiveness drops, as  
management of LTBI in high-risk groups including PLWH 
is a priority for TB control as part of the Global End TB  
Strategy49,50. Furthermore, WTP thresholds vary hugely by 
country (Figure 2 illustrates the large differences in thresholds  
assumed by included studies), demonstrating the variation in 
what is deemed cost-effective, even when restricted to lower  
TB incidence settings.

While heterogeneity in model structure and assumptions can  
hamper comparability, it is still important to consider this diver-
sity to explore the full range of uncertainty and identify which 
aspects, such as incorporating MDR, or onward TB infection 
transmission, are most influential and therefore important to 
include. However, a more standardised approach to presentation 
of methods and results, including systematic and well-justified  
sensitivity analyses, will facilitate comparisons between studies 
so that policy makers can fairly judge the evidence available 
on which to base LTBI screening guidelines in these settings. 
Items 15–17 of the CHEERS checklist, relating to model struc-
ture, assumptions and methods, only contribute three points 
to the reporting score but we recommend it should be given 
more weight as they are crucial to understanding how all 
model inputs relate to the outputs. Lessons can be learned from 
other fields to develop a descriptive framework to make future  
cost-effectiveness analyses more rigorous and comparable51.

Assessment of uncertainty is an important aspect of all  
cost-effectiveness analyses. We found sensitivity analyses  

conducted by included studies to be highly heterogeneous, and  
choice of parameters and the ranges through which they were 
varied were not always rigorously justified, though quality  
increased over time. To standardise the general reporting of  
cost-effectiveness analyses, the International Society for  
Pharmacoeconomics and Outcomes Research (ISPOR) developed  
the CHEERS reporting checklist [28], which we used to evaluate 
study quality (Table 4). We recommend further standardisation  
of cost-effectiveness analyses to mandate inclusion of Tornado 
plots with justification of each parameter range used. These  
provide a more effective, objective summary of the most influential  
parameters driving model output (as long as parameter ranges 
are well justified) than lengthy descriptions of results in the  
text, and all parameters should be included rather than just a 
selection, subjectively chosen (it is also important to identify  
which parameters have little impact on study outcomes as 
these should then have less weight in decision making). While  
PSA was widely used by included studies to create cost- 
effectiveness acceptability curves, we would endorse its use to  
generate uncertainty ranges for ICER estimates.

Improving clarity will further improve the accessibility of 
studies. We found a lack of precision in description of model  
parameters sometimes limited our understanding of how 
they related to model structure and in turn, model output. For  
example, authors should be clear whether “TB” refers to TB 
disease (often referred to as active TB) or latent TB infection, 
and should always specify units and clarify proportions versus  
percentages. They should state to which population group or 
subgroup the specific parameters apply, and for each subgroup 
created (e.g., patients developing DILI, those with MDR) it 
should be articulated: 1) what proportion of the cohort is in the  
subgroup, 2) over what duration they remain in this group  
and 3) how that affects their costs and health benefits. It 
should be clear, also, how inputs such as treatment adherence  
affect therapeutic effectiveness, and therefore influence model  
outputs.

A contentious issue regarding HIV-associated TB is the  
downstream costs of HIV care. ART is lifelong; therefore, 
interventions improving survival for PLWH may appear less  
cost-effective than for HIV-uninfected individuals. There-
fore, it is perhaps unsurprising that only one included study  
accounted for HIV care costs29. Currently, PT for PLWH in low 
TB incidence (generally higher resource settings) has only a mar-
ginal gain in terms of life expectancy (PT nonetheless playing  
an important role in TB control by reducing morbidity, costs of 
TB disease treatment and onward TB infection transmission). 
Therefore, the inclusion or exclusion of ART costs should not be 
as influential as seen in other contexts52–54. Nonetheless, it raises 
important ethical questions regarding the design and interpre-
tation of cost-effectiveness analyses involving increasing the  
life expectancy of PLWH52.

There are limitations to our analysis. Principally, we could not 
explore factors driving model output in more detail because  
of the limited number of studies included. While broadening our 
focus to include higher TB incidence countries would increase 
these numbers, the very different contexts (TB reinfection rates,  
mortality rates, ART coverage and costs, among others) means 
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comparisons between studies would be equally challeng-
ing. We are also unable to rule out the possibility of publica-
tion bias, with potential selective publication of more favourable  
cost-effectiveness estimates. Only one of the included stud-
ies reported a conflict of interest of the authors (receiving per-
sonal fees from pharmaceutical manufacturers30), and selection/ 
omission of model assumptions which would make outcomes 
more/less favourable (ART costs, secondary transmission) 
was not uniform across studies. However, Jo et al. selected 
the four states where more than half of US TB cases occur, so  
cost-effectiveness of screening is likely to be reduced in states 
with lower prevalence31. These states are also the richest in  
the US by Gross Domestic Product55.

Our study highlights the need for further research evaluat-
ing the cost-effectiveness of LTBI screening/PT, employing the  
highest standards of methods and reporting in order to make 
useful contributions to the field that can be used by policy  
makers to inform national guidelines. As TB prevalence  
hopefully continues to fall across the world, we need to consider  
targeting strategies which will be cost-effective now and in 
the future, to provide good value for the resources invested  
and better health for PLWH.
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This is a well put together systematic review of economic analyses of LTBI screening in PLHIV in 
lower TB incidence settings. In my view previous peer review has improved this and it should be 
accepted. Below I offer a few minor and optional suggestions:

Last sentence of abstract intro 'Evidence...cost.' Taking this literally, it's not quite true that 
evidence does this. Suggest either deleting 'Evidence of' or changing to 'Evidence suggests..' 
whichever is closer to intended meaning. 
 

1. 

Intro 1st sentence: I suppose the latest thinking would suggest changing wording from 
'they are infected' to 'they have immunological evidence of exposure' or similar 
 

2. 

Intro 'long-lasting...mitigated'. Think meaning not quite clear if taking literally. In these 
countries the benefit of PT may be longer lasting due to re-exposure being less likely. 
Suggest improving phrasing. 
 

3. 

Selection criteria: more often called Inclusion criteria? 
 

4. 

Could the authors comment briefly somewhere (Discussion?) on the rationale for restricting 
to strategies that involved screening? I see they excluded 1 study on this basis. 
 

5. 

Could the authors comment briefly somewhere (Discussion?) on the rationale for restricting 
to studies that were model-based. It seems none were found however. 
 

6. 

Exclusion criterion 3. Presumably most strategies screened for TB disease before using PT? 
Perhaps change wording to 'screening for TB disease alone' if this is the meaning? 
 

7. 

'dynamic-type Markov models' I think this may confuse readers who interpret this as 
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Page 27 of 35

Wellcome Open Research 2023, 6:51 Last updated: 03 APR 2023

https://doi.org/10.21956/wellcomeopenres.20730.r55882
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-5825-9347


not) in each case under the 'Model Type' column. 
 
Table 3. Suggest adding setting underneath author for each row of 1st column. I know this 
data is elsewhere, but I think having it in this table would aid with interpretation of the 
costs. (Perhaps also 'TB disease' rather than 'Active TB' in the column header) 
 

10. 

Re Discussion pg 24; suggestion for Results/Discussion. Could the authors briefly comment 
on how studies typically modelled detection (ie was all TB assumed to be detected & 
treated)? 
 

11. 

Re Discussion pg 24; suggestion for Results/Discussion. Could the authors briefly comment 
on whether studies included costs of contact tracing efforts in relation to future TB? 
 

12. 

Re Discussion pg 24; suggestion for Results/Discussion. Could the authors briefly comment 
on typical model/code availability? 
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Brief summary of paper:
The authors conducted a systematic review of cost-effectiveness analysis of latent TB 
infection screening in low TB disease incidence settings (defined as <100 cases per 100 000 
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people per year). They identified nine studies to include, from the USA, Italy, Japan, Brazil, 
UK and China. 
 
They also aimed to assess whether studies were comparable in their conclusions for the 
cost effectiveness of all PLWH vs targeted screening, and which aspects of the studies most 
influenced the predictions. 
 

○

Summary of our opinion:
Very clear and well written paper, and could make an important contribution to current 
policy decisions in the UK. 
 

○

Overall, the evaluation is well structured, with a clear description of study inclusion and 
exclusion criteria.  
 

○

We would very much like to see the manuscript published after the authors consider 
making the changes highlighted below

○

 
Data and methods: 
 
Methodologically sound. Reported efforts for reducing bias including multiple abstract reviewers. 
 
Major:

A definition of <100 cases per 100 000 people per year was used to define low TB incidence 
settings. The European framework for Low TB incidence countries defines low TB incidence 
countries as countries with case notification rates of <10 per 100 000 inhabitants and 
declining. High risk populations are defined as those with a notification rate of >100 cases 
per 100 000 population (Broekmans et al. 2002. European framework for tuberculosis 
control and elimination in countries with a low incidence, ERJ, 19:765-775). Brazil has a TB 
notification rate of 35 cases per 100 000 people per year and China has a notification rate of 
43 cases per 100 000 people per year (WHO Global Tuberculosis Report 2021). Therefore, 
using the definition from the European TB control framework, neither of these countries 
would be considered low TB incidence countries.

Recommend discussing why this definition was used in the paper, referencing other 
definitions.  
 

○

○

Authors reviewed the quality of studies included in the review using the CHEERS checklist 
(Husereau et al. 2013. Consolidated Health Economic Evaluation Reporting Standard. BMJ, 
346: f1049).  Given that the CHEERS checklist is not designed for assessing the quality of a 
study but rather the completeness of reporting, what the authors are assessing is how well 
the study was reported and not on the quality of the analytical decisions that were made in 
conducting the studies and therefore not how ‘credible’ the results are. The Gates reference 
case or the work of the Gold panel on cost- and cost-effectiveness analyses could have been 
used to assess the quality of the studies used in the review (Claxton et al. 2014. The Gates 
Reference case for economic evaluation. The Bill and Melinda Gates Foundation) and 
(Weinstein et al. 1996. Recommendations of the panel on cost-effectiveness in health and 
medicine. JAMA, 276(15):1253-1258). Y

Given the amount of work that would be required of the authors to restructure the 
review to assess the quality of papers included, we recommend updating the 

○
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explanation by replacing the ‘assessment of study quality with an ‘assessment of the 
completeness of reporting of studies’, or similar, to the methods, and adding 
comments on the limitations of the approach to the discussion. 
 

The review excludes studies reporting costs results only i.e. with no health/ utility 
component. Assessing the health impacts of LTB screening is challenging and may be 
under-reporting the utility impact of latent TB (Wong et al. 2021. Impact of latent 
tuberculosis infection on health and wellbeing: a systematic review and meta-analysis. ERR, 
30: 200260). It is therefore unclear in this review why studies not assessing health impact 
were excluded from the review.

Recommend adding a justification in the paper for this exclusion.  
 

○

○

When comparing results between different studies, the following key issues were noted and 
our recommendations are outlined:

Included studies with different utility outcomes, cost/ DALY averted and cost/QALY 
gained. 

Need to state what efforts were made to make these studies comparable○

○

Nor clear if assessed studies differ depending on whether they include a transmission 
component or not 

Need to state the method○

○

After extraction of all cost, and cost-effectiveness data, costs were inflation-adjusted 
to 2018 values, the approach used was however not stated. Populations were from 
very different health systems and included the US, Italy, Japan, Brazil, UK and China. 
Does the approach for inflation adjustment take this into account?

Need to state the method used by authors to inflate reported costs to a current 
cost. 

○

Furthermore, need to add to the discussion whether this approach for inflation 
adjustment took different health systems into account

○

○

Widely varying time horizons, may be cost-effective over life-time but not 10 years - 
how was this taken into account?

Need to state how this taken into account 
 

○

○

○

Data analysis section. Suggest replace “so structural model assumptions which may 
particularly affect outputs, and therefore introduce bias, were evaluated”, with “so structural 
model assumptions which may particularly affect outputs, and therefore introduce bias, 
were proposed”, as the evaluation was (as far as we could tell) subjective.

○

 
Interpretation of findings: 
 
Major: 
Including ART costs or not including ART costs, was well discussed as an important driver of cost-
effectiveness results. The benefits of ART will significantly alter the utility results of the evaluation 
(decreasing the effectiveness of the IPT) therefore, in our opinion, the costs should also be 
included. This would increase ICERs though i.e. IPT will be less cost-effective compared to other 
evaluations.

In the results of the authors' systematic review, the authors don’t explicitly discuss the 
quality of the studies even though this was mentioned as an objective earlier in the paper. 

○
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Need to add discussion of how the quality of the different studies were assessed and 
if found to be of low/ high quality, and if/how was this incorporated into the analysis?

○

 
The discussion section was well laid out. Important topics were covered such as the inclusion of 
ART costs.  
 
Would also recommend adding discussion of the following:

Why did you restrict the analysis to only studies with costs and utility data, and how may 
excluding costing studies have skewed your results or recommendations? 
 

○

Based on the current evidence, what is your recommendation to policy makers (specifically 
in the UK) as stated early in the paper, the purpose of the review is to inform their decision-
making? 
 

○

Transmission components of the model - unclear how including transmission influenced the 
results of studies and recommendations for future studies. Is there something to be said 
about transmission given that the population of interest is PLWH with latent TB in low-TB 
incident settings where transmission is likely to be low? 
 

○

In terms of the guidelines, does it matter what other TB screening policies are in place i.e. 
for nationals from other countries? For example, is the recommendation for screening 
PLWHA to change depending on whether all migrants are also screened at the country of 
origin? 
 

○

The systematic review excludes grey literature that may introduce publication bias, skewing 
the results of this systematic review to studies that are published because they have 
positive results. Recommend discussing this bias in the limitations section of the 
manuscript. 

○

 
Clarity: 
 
Major: 
Very well written paper, clearly and logically outlines the research questions, analysis and 
discusses the findings.

Table 3 lists the key cost components reported in the studies, but it is unclear what the unit 
of the cost estimate reported was. For example, was the cost of full-course LTBI 
chemoprophylaxis reported per patient or for all patients assessed in the primary studies? 

Need to add the unit to the first row of the cost table in Table 3. If the uncertainty 
intervals were reported in the studies, it would be good to add those to the table too. 
 

○

○

Figure 2 is a very clear and good representation of the different WTP thresholds for each of 
the countries. Couple of points for clarification: 

Why does Japan have the same WTP as the US?○

Perhaps these could be group together by country rather?○

On the x-axis of the figure, could explain when a result will be considered cost-
effective or recommended for adoption, i.e. below or above the WTP threshold line?

○

○

Minor:
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Table 2 heading.  Suggest replacing ‘TB transmission’ with ‘Mtb transmission’ or ‘TB infection 
transmission’, as the infection is transmitted, not the disease. This error also occurs in other 
places in the paper. 
 

○

Discussion. Suggest replace “, only contribute three points to the quality score but should 
be given more weight as they are crucial to understanding how all model inputs relate to 
the outputs”, with “, only contribute three points to the quality score but we recommend it 
should be given more weight as they are crucial to understanding how all model inputs 
relate to the outputs”. 

○

 
Motivation/research question: 
 
Major: 
Highly topical research question is currently being considered by policy makers in the UK. 

Could have been strengthened by also including studies that only reported cost estimates.○

Suggest adding discussion of this limitation fully in the discussion section of the paper.○

 
Lit review/framing: 
 
Major: 
Overall well written and good framing of the research question. 
 
Minor: 

Statements regarding the prevalence of latent TB infection should be qualified, and critically 
evaluated. The size of the truly infected population is a current ‘hot topic’ in TB

Add references for the statement that “A quarter of the world’s population has latent 
TB infection (LTBI), meaning they are infected but do not (yet) have symptoms of 
tuberculosis (TB) and cannot transmit infection.”

○

○

 
Is the topic of the review discussed comprehensively in the context of the current 
literature?
Yes

Are all factual statements correct and adequately supported by citations?
Yes

Is the review written in accessible language?
Yes

Are the conclusions drawn appropriate in the context of the current research literature?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: NF: economics, especially Tuberculosis; RW: epidemiology, especially 
Tuberculosis
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We confirm that we have read this submission and believe that we have an appropriate level 
of expertise to confirm that it is of an acceptable scientific standard, however we have 
significant reservations, as outlined above.

Reviewer Report 13 April 2022
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Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Susmita Chatterjee   
Department of Research, George Institute for Global Health, New Delhi, Delhi, India 

The authors conducted a systematic review on the economic analysis of latent TB screening and 
preventive interventions among PLWH in a low TB incidence setting. This is an important topic as 
there is limited health economic research on latent TB. The paper is nicely written. However, I have 
a few comments / thoughts on this work. 
 
My main question to the authors is whether they think that this piece of work is helpful to improve 
the methods of conducting similar research in the future rather than its use for any policy 
decision? I ask this question as this research was conducted in a low TB incidence setting – where 
the number of TB cases is low – expectedly latent TB will also be low. Further, I am not clear from 
the paper on the burden of HIV in those countries. If that is also low, it is very likely that the 
interventions will not be cost-effective unless we keep adding MDR TB and other situations. 
Though I again believe that the incidence of MDR TB will also be very low in those settings. So, the 
question remains what is the main contribution of this study? 
 
In this context, I think it would be better if the authors can provide incidence rate of TB, latent TB, 
MDR TB and HIV in the study countries if reported by the authors. Those can be added in Table 1. I 
also suggest that the results of the studies should be deleted from Table 1 as the table is on study 
characteristics.  
 
Couple of minor points to clarify

Page 3, last line of 3rd paragraph, A uniform, evidence-based national guideline for the UK is 
required. Is this authors’ conclusion? Or a conclusion from other studies? If it's the authors’ 
conclusion, it should not be here – if other study conclusions, reference should be added. 
 

1. 

Please check the definition of low TB incidence – as per the current Global TB Report, it is 
less than 10 cases per 100,000 population per year.

2. 

 
Is the topic of the review discussed comprehensively in the context of the current 
literature?
Partly
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Are all factual statements correct and adequately supported by citations?
Partly

Is the review written in accessible language?
Yes

Are the conclusions drawn appropriate in the context of the current research literature?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Health economics

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.
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