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While it is known that a substantial proportion of individuals with tuberculosis disease (TB) present subclinically, usually defined
as bacteriologically-confirmed but negative on symptom screening, considerable knowledge gaps remain. Our aim was to review
data from TB prevalence population surveys and generate a consistent definition and framework for subclinical TB, enabling us to
estimate the proportion of TB that is subclinical, explore associations with overall burden and program indicators, and evaluate the
performance of screening strategies. We extracted data from all publicly available prevalence surveys conducted since 1990. Between
36.1% and 79.7% (median, 50.4%) of prevalent bacteriologically confirmed TB was subclinical. No association was found between
prevalence of subclinical and all bacteriologically confirmed TB, patient diagnostic rate, or country-level HIV prevalence (P values,
.32, .4, and .34, respectively). Chest Xray detected 89% (range, 73%-98%) of bacteriologically confirmed TB, highlighting the poten-

tial of optimizing current TB case-finding policies.
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Tuberculosis disease (TB) remains the leading cause of death
from an infectious disease in the world [1]. Not all individuals
with bacteriologically confirmed TB will present with or be
aware of (clinical) symptoms [2]. When presenting to TB serv-
ices, this asymptomatic yet infectious group is usually missed,
as access to care mostly relies on positive symptom screening to
start the TB diagnostic pathway [3]. Individuals with so-called
subclinical TB could therefore continue to contribute to trans-
mission [4], hindering global TB care and prevention efforts [1].

While the importance of the subclinical TB subpopulation is
recognized, a clear definition has not been agreed upon. Both
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“asymptomatic” and “bacteriologically confirmed” are inher-
ently ambiguous. The extent and duration of symptoms used
for screening will change the proportion of cases that have a
positive symptom screening [5]. Similarly, the extent of bacte-
riological examination, for example, the number of samples or
the technique that is used, will change the proportion that will
be bacteriologically confirmed [6, 7].

To enable progress, we propose to define asymptomatic and
bacteriologically confirmed TB as defined by TB prevalence
surveys, which are population-based surveys that investigate
representative samples of the population to estimate the na-
tional prevalence of bacteriologically confirmed adult pulmo-
nary TB. Through X ray and symptom screening, individuals
become eligible for sputum investigation with Xpert and/or
culture (Table 1) [8]. While some variation remains, prevalence
surveys can provide comparable measurements for the majority
of high-burden countries [9], both between and within coun-
tries over time for the proportion of TB that is subclinical, that
is, asymptomatic (usually defined as negative on screening for
cough of a certain duration) and bacteriologically confirmed
(usually defined as positive on at least 1 culture or polymerase
chain reaction [PCR]-based test). Through this definition, sub-
clinical TB can be placed in a comprehensive framework that
reflects the relevant stages and flows in the spectrum of TB in-
fection and disease.

€830 o CID 2021:73 (1 August) o Frascella et al


mailto:Rein.Houben@LSHTM.ac.uk?subject=
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

L'0 XD
annebou-ase}
peloadsng
L'0 VNX+S
L'C VNX-S
Gl VNX
VNS 90°0 +X
VNS 80°0 YNX+S

67
VNX+S 10 =X+S
c04dL
10 woldwAs
Aue yum yNX
=S LE'0 VNX+S

C'EVNX+S
10 -X+S ¢6
VNX-S 10 -X-S

o|geoidde 10N

a|geoljdde JoN

c00
443410, L°0
VNX+S

7'0 VNX-S

VNX 9pnjou|

0'0 VNX+S

a|bue 21us1ydoisod ayl
1e uoisaype [einajd 1o sinpou

aAnIsod uo1ed1Io[ed ||ews s|buls e
-81n}Nd Jo/pue uey} Jerealf wnunseipaw Io
WVNX 10 +X lo/pue +3  aAilsod-leawIS  plaly Bun| oyl ur Aljewoude Auy
annisod uoisnye |eins|d
-a1n}|nod Io/pue 1O Wnuiselpaw pue plaly

VNX 10 +X Jo/pue +S  oAilsod-leswls Bun| ur mopeys |ewiouge Auy

+X lo/pue +5  eAnIsod-ainn)  Mopeys pjely bun| [ewouge Auy
aAIlsod-Lady
10/pue aAnisod
-1} no Jo/pue

WVNX 10 +X Jo/pue +S  oAlusod-leswls  Aujewuouge einsjd 1o Bun| Auy

(s)s|bue olusiyd
-1S09 1e uolsaype |einajd Jo
wiw QL > 8zIS e Ylm a|npou
uoneolyIo[ed |jews ajbuls e ueyy
Jay10 wnunseipsw 1o pjaly bun|
+X Jo/pue +5  eausod-ainyn) eyl ul ydelboipel 1s8yod [ewlouqy

21n}no
SOSED g| umouy pue Adoo
||[e PUB +X IO/pUB +S  -SOJOIU JBBWIS pauodal 10N

Buluexoiyy |eine|d

aAllIsod  JO Bale ||eWS 'SUOISS| paleinpul

SOSED g] UMOUY  Inynd Jo/pue 011011} M8} B ‘UOI1ED1JI0[eD
||e pue +x Jo/pue +S  oAnisod Jeaws ey 1deoxe sBulpulj [ewiouqy

(s)e|bue o1ua1ydo1sod

8y} 1e uoisaype |eina(d Jo

wuw Q> 9zIS B YIM 8|npou

SAIlIsod  UONEedIIo[eD |[ews 8|buls e ueyl

-9In}nd Jo/pue J8Y}0 WNUIISeIpaW 10 plaly
WVNX 10 +X 10/pue +S  oAnisod-leawls Bun| ay3 Ul Mopeys |ewlouge Auy

a|bue

Oluaiydolsoo ay) 1e uoisaype

|edna|d Jouiw e 1o Ajuo e|npou

uon1eo110[ed 8|BUIS B UM 89S0y}

annisod Joj 1deoxe ‘esessip Bun| Jeyio

-9In}nod Jo/pue 10 (g1 pajeay pue ‘paroadsns
WVNX 10 +X Jo/pue +S  dAllsod-ieawS ‘BAI1OB) SMOPRYS pale|al-g]
12 annisod
9109s WoldwAs pue -uady Jo/pue g1 yum

WNX J0 +X Jo/pue +S  8Alsod-8innD  1U81SISUOD Alljewioude Bun| Auy

Ael X sjiqow [eybig

|BUOIUBAUOD 8ZIS-{|NH

Ae1 x sliqow [eybig

pamoys Asy 4i Aes
X Uy ‘sjuaned (e
Jo Adoosouon|} 1s8y)

woldwAs (zo8
Auy —£0€) 925
S3eam (€0L

2% Ybnod —0ze) 8Ty

Yluow SNoIA
-a1d ay1 ul sisAy
-doway Jo /pue pauod
syeem gz ybno)y  -ai 10N

S
-dowlay Jo /pue pauiod
syeem gz ybnoy  -al1loN

sIsAy
-doway 1o /pue palod
S$3eem gz ybnoy  -a110N

peuod
pauodalloN  -aJ10N

S3eaM £z sIsAL
-doway Jo /pue pauod
syeem gz ybnoy  -a1 10N

SIsA}
-dowsy Jo/pue peuod
S$yeem gz ybnoy el 10N

yuows SnoiA
-a1d 8y} ul sIsAy
-doway 1o /pue

Syeam £z ybnon 009

£ 91008 (062

Ael x sjigow |e16IQ Bulusaldos wolrdwAs —091) 122

6002

JewueA

Gl0c

eljoBuolA

L0z
algnday
011100
-we(g

s,0|doad oe

7102

elsauopu|

9102
£9.0Y 4O
oljgnday
s,0|doad

onesoowaq

20L0C BUlYD

2000¢ BUlYyD

1102

elpoquie)

200¢

elpoquie)

§10¢
ysepe|bueg

(%) 1840

(%) —X-S psausaios
S| 1BYL S[ENPIAIPU|
paUSaIdS JO Jagquinp

uolneulwexy 159 euelll) Buluesiog Ael-x
|eoibojoLIe1oeg 104 UOIBULLIJUOD
Al)1qib13 Joj el |eoibojolleloeg

ey Bulusaiog uol} uoiendod
woldwAs  -endod 000 00L/U
000 00L/U "(1D%S6) 91

‘(10 %g6)

20UapIoU| -A81d BpNID)

palewisy

Aening

fuluaalag Jo sansiIajaeIRYY PUE SISO|N2IAGN] JO 32U|eAdId

73 (1 August) « 831

Estimating the Burden of Subclinical TB « CID 2021

‘L alqeL



annisod

1siBojoipel pue

sieams 1ybiu

R -Jady JIO/puB  8IeMYOS Ol1BWOINE AQ peal ‘gl 10 J9A8) 10 SSO|  pauod (evLg 1102
VYNX=S 'L YNX+S el 8'g 7l €9 S67 6C VYNX 40 +X J0/pue +S  eAlisod-eininy  JO 8AIlSabBNs Alljewiouge Auy aulyoew Aer-x 8|qeniod  ybiem o yonoy -1 10N —L9E) LEY eigiueN
yreelq
JO SS8UlOoYS o
1an8} 1o anbiye}
10 s1eams 1ybiu
10 sS0| 1yBram
Jojelaush 10 ured 18840 1o
2°0 pessiw annisod (uon Ael-x s|qeniod wninds ul poojq
£0°0 YNX -uady Jo/pue -B01410|BD 'SISOUql) ‘UOIIRIARD  ‘(LWBYSAS wily) Aydel Jo wninds o pauod (£65-21€)
-5 2°0 VYNX+S 54 L v 888 6/G LS VNX 10 +X Jo/pue +S aAlisod-ainyny  ‘seilioedo) Aljeussouqge Bunj Auy  -Boipes [euoilueAuo)  ybnood Jo yeem |Z  -81 10N 5 ,€10T IMeje|n
annisod
9’0 VNX+S -liady Jo/pue penod (299-G57)
90 VNX-S z8 @ Sv 9'78 090 €9 VNX 10 +X 10/pue +S  aAisod-a1nng 4140 annsebbns Buipuly Auy  Aelx sjiqow [eUBIg  s3¥9em gz ybnoy  -a110N 899 Gl0g eAusy
+X
yum aaiusod
L€ VNX -Jady Jo/pue wnupiselpaw paiiod (Lve-282)
=S 1'0 VNX+S Lz zl gl 9'98 92/ 19 VNX 10 +X 10/pue +S  eanisod-ainng ‘eins|d ‘Bun| ui sanijeuiouqe Auy  Ael X 9jiqow [eUBIg  S3989M Z< ybno)  -a11oN 128 €10z eueyn
g1 pajesy g1 40 annseb
10 g 10 aAnsebbns saiyjew -bns swordwAs
-IOUQe [E[111SI91UI ‘'Sa|NPOU €2 1ng ybnoos ou
Aseuownd ‘AyredouspeyduA| 10 ‘g] Jo annseb
|euriseipaw o Jejly ‘uoisnye -bns swordwAs
298 |eina|d ‘sa1eun|iul ‘'sa1IARD Zz snid s3eem
—X=S 10 YNX-S pauod Buipnjoul ‘wnunselpaw Jo > yénoo o (Glz  (Lez-6vL)
€L°0 YNX+S 9’9 4 9’9 -8110N 00l € +X Io/pue +S  oAIlIsod-aininy plaly Bunj ur Aljewsouge Auy  Aeix ejiqow [eUBIQ  ‘s3¥eem g< ybnod —zel) GLL 6.1 ¢l0¢ elquen
gLpaesy
10 g 10 aAisabbns saijew
-louge [efislaiul ‘ss|npou
Aseuownd ‘AyredouspeyduA|
[euUIISEIPaW JO JBJIY ‘UOoISNye
L7 YNX+S |eina|d ‘sejesl|iul ‘'sa1lAeD
10-X+S 118 penod peuod Buipnjour ‘wnunselpaw 1o sulyoew (gee (L¥€-802)
VNX=S 10 -X=S 9 Ll -84 10N -8110N /69 91 +X lojpue +5  aanisod-ainny plary Bunj ur Alijewiouge Auy Aer-x o|qeniod  s3eam gz ybnod -161)85¢ LT 110z eidoiyi3
SIedA Z ulyum
6'C +X VNS Juswiealy o Aloisiy aAnisod Ael X ajiqow ey
1€ YNX+S pauod 10 JUBWIeaI} JUBLIND  -8IN}NJ JOo/pue -Bip Jo AydeiBoipels 1002
#'0 YNX PUB WYNS -91 10N 90 10°0 276 6Ll 16 g110 +X lo/pue +S  aAlsod-eaWwS g] JO 9AlSaBBNS Ajjjewioude Auy ainlelulw SSeul Jaylg  S¥9am zz ybno) LLL 98¢ weulaIn
annisod s|qe
-84nyNo 1o/pue -uleyqo (818¢ qCl0C
VNX s8pnjou| 9 80 8¢ €06 9€9 ¢9 9|qeulelqo JON - SANISod-leaws 8|qeuleiqo 10N 9|geuIRIqO JON  SYeem gz ybno) 10N —€'991) ¢l puejieyl
Yluow SnojA
annisod -a1d ay1 ul sisAy
60l VNX -Wady Jo/pue Aydeubo -doway Jo /pue (998  (10€1L-910L) 910¢
—S €0 VNX+S 6'¢C 6C 8¢ 09 689 97 VNX 10 +X 1o/pue +S  aAlisod-a1nn) g JO 9ANsabBNs Alljewioude Auy  -Ipel aimeluiw SSeiN  $3989M g YBnog —LLE) 785 6Gll seuiddijiyd
(%) 18UI0 (%) +X-S (%) +X+S (%) —X+S (%) -X—S peussids uoneuiwexy 159 e8I Bulussiog Ael-x 90INe  elBID Bulueslog uonl uonendod Aening
s|1eyyl s|1eyl s|1eyyl S| 18y S|enplAIpy| |eaiBojoLsoeg 104 uoneulIuo) Bulusaiog Aet-x woldwAg  -endod 000 00L/U
pouUs8IdOS PAUSSIIS PAUSSIIS PausaldS Jo JaquunN  AlqiBl3 Joy eusii)  |edlBojolieloeg 000 00L/U ‘(1D%S6) 9L
S|enpiA S|enpIA S|enpiA sjenpiA  |eloL (1D %G6) o @ous|e
-Ipuj jo -Ipuj jo -puj jo -Ipuj jo 90UspIdU| -A8ld 8pni)
uoiuodold uoiodold uoiuodold uoiuodold palewsy

panunuo) °| ajqe]

73 (1 August) « Frascella et al

e832 « CID 2021



"[0L] SOLIUNOD JBYI0 WO} S}NSAI YLIM Palediod 8q 10U PjN0d PUE PIEPUBISGNS SEM SIS1SN|O SWIOS Ul paAIasqo sabeuwl Jo Alfenb ay) 8sneoaq sisAleue auy) WoJj Papn|oxe 81am synsal :g10g IMee|Al,

“lBYL Ul SeMm 1iodel ABAINS B} JO UOISIBA AJUO 8U} 8SNedaq Z10Z Ul PUBIIey] OIS 8|GRUIBIQO JOU 818M BIep BUIOS

‘umoujun si sased pasouBelp Ajjeolul|d aanebau AjjeaiBojolialoeq jo uonodoid 8y yolym Jo ‘sased Aseuow|nd aAlOE S1NSal 8SNEOA( SISAlEUE BUL WOy POPNOXe 818M BUIYD WOl) SABAINS,

‘Ael X "X ‘sisojnolagnl ‘g ‘'swoldwAs ‘S ‘a|gejieAe 10U aiam (YNX) Buluesios Ael-x 10 (YNS) wordwAs Jof synsas usym pasn :s1sa] uoneolyjdule pioe o18jonu ‘1N ‘e|qedlidde 10u ‘N ‘Al X 1S8U0 ‘YXD ‘[BAIS1UI 80USPIUOD ‘|D) :SUOIBIABIGQY

‘L xipuaddy s|euele| Aleluswe|ddng ul o|qejieAe sI SASAINS 80us|eAsId PapN|oUl JO) S8OUBI8aI JO 1SI|

€00
L18u1o0, 10 aAlysod
VYNX+S -Mady Jo/pue pauod (8'e8e 44
§'€ VNX-S €8 6'l e L'C8 9ELEE YNX 10 +X Jo/pue +S  8Ailsod-aining Bunj ur senijewoude Auy - Ael x sjigow [e1BIQ woldwAs Auy  -8110N-G'0G¢) LLLE  emgequiiz
ISSEETNY
1M Z< uled 1seyo 1o
2’1 YNX -pady Jo/pue Alljeuwiouge suoq pue 1leay S3eoM ZZ Jansy  pauod (2.L-50S)
—S 60°0 VNX*S 61 9€¢ e '8 660 97 VNX 10 +X Jo/pue +S  eAllsod-aining  Buipnjoxe Alljewoude bunj Auy  Ael X sjigow [eUBIQ 1O S388M ZZ YBnoDy -8l 10N 8€9 ¥10¢ elquez
annysod
-Hadx Jo/pue peauod  (60S$-267)
7'0 YNX 9g €l 4] §78 vSl Ly YNX 10 +X J0o/pue +§  aAnIsod-ainyn) Aerx ejiqow [eUBIQ  s¥98m gz ybnoy  -811oN LY 710z epuebn
Buneems
SAISS8IX8 10
sso| 1ybrem 1o
SNOOM ZZ IeNs)
80'0 +XVNS wnupselpsw Jo Jo sishidowsy  pauod (09e-192) [4%r4
90 VNX+S L'e Ll 7’9 S8 Ly¥ 09 VNX 10 +X Jo/pue +S  aAlisod-ainingpjely Bun| ey ur sa Aeir X jiqow [eNBIQ 10 s¥8em gz ybnoy  -a11oN L0€ eluezue]
€9 VNX-S
9'LL +X VNS 10
+X-S 80 -X+S
10 YNX+S €10 pVEIN] aAllsod
VNX VNS £°0 payod penod -leaspuslnd gio  -]vyN Jo/pue eunad psuod  (z1€2-9'6CL)
VNX VNS 10 =X-S -8110N [ -1 10N ¢'8L T0C €8 VNX 0 +X Jo/pue +S  eAllsod-einng  Buipnjour ‘Alljewiouqe Bunj Auy - Ael x sjiqow [eUBIQ  sdeem gz ybnoy 810N vE8L ¥710¢ uepns
20’0 -X
VNS L'0 VNX peuod  (6'651-8'84) [4kor4
-S20°0 YNX +S 61 el 8 8'88 87l £F VNX 10 +X 1o/pue +S  aAisod-aininy gJ J0 8A1nsabiins Aljewlouge Auy panodal JoN uoneinp Aue ybnoy  -a110N £6lL epuemy
6'€ YNX+S annisod
10 =X+S ¥'68 payod payod -aIn}nd 1o/pue AydeiBo (981 (0£9-8L€)
VYNX-S 10 -X-S S L'l -a1 10N -9110N 98l v VNX 10 +X Jo/pue +S  aAlsod-Ieawlg g] JO 8AlSabbns Ajljewloude Auy  -Ipel ainleluiw SSel\  S¥eem zz ybno) —0G) 80L 25 Z10Z euabiN
(%) 1BYID (%) +X=S (%) +X+S (%) -X+S (%) —X-S paussios uoneulwexy 1s9| el1e}ll) Buluealog Ael-x 90I1A8  eusll) Bulueslog uon uonendod AeAIng
S| 1ey] S| 1ey] s|1ey] S| 18y S|enplAIpu| |eaibojolialoeg 10} uonewliyuo) Buluss.og Aes-x woldwAs  -eindod 000 QOL/U
poauUsaIOS PauUssIdS PaussldS Pausslds Jo Jaquinp 16113 1o} euall)  [eoibojolsioeg 000 00L/U (1D%S6) 9.1
s[enpia sjenpia s[enplia SlenpiA- - [eloL (1D %S6) 4o 8ouse
-Ipuj jo -puj jo -Ipuj jo -puj jo 9dUspIdU| -A8ld 8pni)
uolpodold uoiuodold uonlodoid uoiuodold palewnsy

panunuo) ‘| jqeL

73 (1 August) « e833

Estimating the Burden of Subclinical TB « CID 2021


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1402#supplementary-data

Our aim was to review data from TB prevalence population
surveys and generate a consistent definition and framework for
subclinical TB, thereby enabling us to estimate the proportion
of TB that is subclinical, as well as explore associations with
overall burden and program indicators. Finally, we considered
the potential performance of chest X ray-based screening strat-
egies to replace the current symptom-focused TB care and pre-
vention policies.

METHODS

We considered for inclusion population-based TB prevalence
surveys completed since 1990, with reports or articles publicly
available through August 2019. A literature search for the period
from January 1990 to August 2019, restricted to the English lan-
guage, was conducted by one author (I. L.) in PubMed (August
2019) using the following search terms: “tuberculosis” and
“prevalence” in the title and “survey” as text words. Reference
lists of identified studies were also examined. Studies that were
about a subset of TB cases (eg, drug-resistant TB, women only,
healthcare workers), TB infection rather than TB and risk fac-
tors for TB (eg, diabetes), and review articles were excluded.
Gray literature, such as unpublished survey reports produced
by national TB programs, abstracts, and presentations from
international meetings and routine progress updates collated
by the World Health Organization Global Task Force on TB
Impact Measurement on the status of surveys since 2008, was
also systematically reviewed.

Subnational TB prevalence surveys were included from the
review by Horton et al [11]. Surveys were included if both
symptom screening interview and X ray were performed on all
eligible participants and if surveys reported the proportion of
bacteriologically confirmed cases by screening modality as well
as the proportion of bacteriologically confirmed cases that were
negative on symptom screening.

We extracted data on the burden of TB (prevalence of bac-
teriologically confirmed TB), screening and bacteriological
confirmation methods, outcomes of screening of the study

population, and outcomes of screening of bacteriologically
confirmed cases. To explore the impact of program perfor-
mance, we generated the patient diagnostic rate (PDR) as
the case notification rate (number of individuals diagnosed
with TB and reported to the National TB Programme per
100 000 population) divided by the prevalence of bacteri-
ologically confirmed TB [11] (inverse of the prevalence to
notification ratio).

We defined subclinical TB cases as all participants who were
negative on symptom screening, following the criteria estab-
lished in each survey but confirmed on bacteriological testing.
A framework for the natural history of TB was then developed
to place subclinical disease in the spectrum of Mycobacterium
tuberculosis infection and TB. Bacteriological confirmation
generally included at least 1 positive culture or PCR-based test
[8]. Participants not eligible for X-ray screening (eg, because of
pregnancy) were considered negative at X-ray screening. In set-
tings where TB prevalence surveys were repeated in the same
geographical area using similar methodology, we examined
longitudinal trends in subclinical TB.

We performed a meta-regression (metareg in STATA
v15) analysis for the effect of covariates on the pro-
portion of subclinical TB. To avoid interdependency, 1
survey per country or area was included. We explored the
association with TB prevalence in the country, continent,
country-level HIV prevalence; definition of symptom
screen; the PDR as a metric of program performance; and
proportion of cases that was male. We also performed a
random-effects meta-analysis using the metaprop com-
mand in STATA v15 [12] to quantify between study
heterogeneity.

To examine the relative contribution of symptoms com-
pared to X ray as a screening tool, we analyzed the propor-
tion of bacteriologically confirmed cases identified through
each method. We also analyzed the proportion of participants
who screened positive via symptoms interview, on X ray, or on
both methods and were considered eligible for bacteriological
examination.

Table 2. Subnational Surveys in India

Prevalence of TB (95% Confidence  Bacteriological Confirmation  Criteria for Eligibility for Bacterio- S—X+ Cases S- Cases

Survey Interval)/100 000 Population Test logical Examination (%) (%)

Tamil Nadu (India) 1999 605 One culture-positive sample S+ and/or X+ 46.3 46.3

Tamil Nadu (India) 2001 454 Culture-positive S+ and/or X+ and all knownTB 33.7 36
cases

Tamil Nadu (India) 2004 309 Culture-positive S+ and/or X+ and all known TB 36.4 39.1
cases

Tamil Nadu (India) 2006 388 Culture-positive S+ and/or X+ and all knownTB 34.9 39.2
cases

Tamil Nadu (India) 2010 259 Culture-positive S+ and/or X+ and all known TB 32.9 65
cases

A list of references for included prevalence surveys is available in Supplementary Materials Appendix 1.

Abbreviations: S, symptoms; TB, tuberculosis; X, X ray.
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National and subnational
TB prevalence surveys
conducted in Asia and

population
e Reports not
available in English

Surveys excluded, with
reasons:

e Survey report not

Africa after 1990
(n =45)
Search closed in August
2019

available
(n=4)

¢ Symptom and/or
X-ray screening not
performed
systematically
(n=3)

e Symptom and/or
X-ray results of

Included subnational
TB prevalence
surveys, presenting
subclinical TB data

(n=5)

(n=23)

Included national TB
prevalence surveys

confirmed cases not
reported
(n=3)

¢ Unknown
bacteriologic status
of analyzed “active
pulmonary cases”
(n=3)

National and subnational TB
prevalence surveys included
in quantitative analysis

(n=28)

Figure 1. Selection flow chart for tuberculosis prevalence surveys.

e Symptom screening
not performed
(n=2)

e Microbiological
examination not
performed if
asymptomatic
(n=1)

e Reported issue in
the quality of X-ray
screening
(n=1)

RESULTS

We included 23 national surveys and 5 subnational surveys
conducted in 23 countries across Africa and Asia, representing
36% of the global TB burden in 2018 [1] and 57.5% (23/40) of
all national-level surveys completed since 1990. (Data avail-
able in Tables 1-3, list of references for included surveys avail-
able in Supplementary Materials Appendix 1.) The reasons for
exclusion of the remaining prevalence surveys are shown in
Figure 1.

The 2013 Malawi survey was excluded because of reported
issues in the quality of X ray in many clusters [10]. Surveys from
China were excluded because results were only reported for
smear-positive or “active pulmonary cases,” the latter including
an unknown proportion of bacteriologically negative, clinically
diagnosed cases, which did not match our criteria [13]. Data
from these surveys are included in Tables 1-3.

Across included surveys, the median percentage of subclinical
TB cases was 50.4% (interquartile range [IQR], 39.8%-62.3%;
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range, 36.1%-79.7%), which was 49.4% (IQR, 38.8%-52.4%)
in African countries. In the Asian countries, the median was
56.4% (IQR, 42.8%-68.5%), with no discernable trend by TB
prevalence (Figure 2) in either continent.

Data on repeated surveys were available from Cambodia and
Tamil Nadu state in India. Although no clear trend is present,
they seemed to suggest that the proportion of subclinical TB in-
creased as TB prevalence declined (Tables 2-3). An indication
for this trend was also seen among smear-positive TB in surveys
repeated in China from 2000 and 2010 (Table 3).

As Figure 3 shows, X-ray screening identified the vast ma-
jority of bacteriologically confirmed cases in all countries
(median, 89%; range, 73%-98%). In contrast, the percentage
of bacteriologically confirmed TB cases that were negative on
X ray but positive on symptom was below 25% (median, 7%;
range, 0.7%- 22%) in all surveys, with between 0.01% and 15%
of bacteriologically confirmed cases diagnosed through direct
bacteriological examination (see Figure 3 and Table 1). In the
sampled population, surveys found that 8.8% of individuals
screened positive on X ray (range, 4.8%-26%), whereas 6.3%
(range, 3%-21%) were positive on symptoms (Figure 4).

We frame subclinical pulmonary TB in the wider context of
TB natural history in Figure 5. Here, subclinical TB is a dis-
tinct intermediary disease state, which follows after a minimal
disease state with initial pathological changes (eg, visible on im-

aging) but not bacteriologically confirmed (at least within the

limits of sampling undertaken) and unlikely to be contributing
to transmission. Crucially, individuals can progress and regress
from each stage, although how fast or how frequently individ-
uals move between stages will vary widely [14, 15].

Table 4 shows the results from the meta-regression, which
provided evidence that in our sample the proportion of subclin-
ical TB cases was higher in surveys from Asia compared with
those from Africa (15.2%; 95% confidence interval, 5.6-24.8).
There was no evidence for an association with any of the other
variables, including country-level TB or HIV prevalence,
symptom-screen algorithm, or PDR. Results from the meta-
analysis showed very high heterogeneity (I* = 96%; P < .001).
The forest plot is shown in Supplementary Materials Appendix 2.

DISCUSSION

Where measured, around half of the prevalent infectious TB
burden is subclinical, making it likely that ignoring this burden
will diminish the impact of TB care and prevention efforts.

Our results show that cough, the cornerstone of symptom-
based screening policies, was only self-reported by around half
of bacteriologically confirmed cases in populations across Asia
and Africa. Expecting extensive population-level impact on
transmission from such policies seems misplaced. Similar to
historical observations that a large bacillary load is not required
for transmission [16, 17], cough is unlikely to be required for
transmission [18].
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We found that 9 out of 10 individuals with bacteriologically
confirmed TB, including those with subclinical disease, were
positive on X ray-based screening, which is based on a single
posterior—anterior image. We would therefore argue that X ray
as a clinical screening tool needs to be reevaluated as part of the
End TB Strategy [19]. Aside from its ability to detect the majority
of infectious TB, rapid advancements in digitalization, porta-
bility of X-ray screening, and computer-aided X-ray reading
now enable clear and consistent choices, which can be adjusted
to fit the context of each country to further enhance perfor-
mance [20]. It is now possible to strike a reproducible balance
between the need to increase the proportion of all infectious TB
found (sensitivity) and the proportion of screened individuals
who are referred for bacteriological testing (positivity rate) [20],
the latter of which varied between 7.1% and 24% in surveys in-
cluded in our analysis. As such, X-ray screening can be opti-
mized depending on the population screened, whether these
are clinic attendees or community-based.

Prevalence surveys do not capture individuals with symptom-
negative, X ray-negative, bacteriologically confirmed TB. While
the data are limited, they suggest that another 0%-5% of all

bacteriologically confirmed TB would be classified as subclin-
ical [21], which means our estimates for subclinical TB would
be conservative. In addition, pediatric and extrapulmonary TB
are not measured in prevalence surveys.

Our results are limited to 36% of the global TB burden; there-
fore, key gaps remain, including China (where surveys have
not reported details for bacteriologically confirmed TB cases),
India, and South Africa (surveys underway). We strongly argue
that surveys should report results separately by screening and
bacteriological confirmation, and data could be enriched, for
example, with further subdivisions by gender, urban or rural
strata, and HIV status to help inform strategies to address this
burden. In addition, our data reflect the proportion that is sub-
clinical among the prevalent burden of the infectious disease,
not incident disease. Finally, our study does not include data
from settings with low TB incidence.

In particular, increased trends over time in the size and
composition of the subclinical TB population as the overall
TB prevalence changes would improve our understanding of
population dynamics. Maximizing the number of repeat data
points within countries would enable a within-country analysis
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Figure 5. Model representation of the natural history of Mycobacterium tuber-
culosis (Mth) infection and tuberculosis disease. Different states of Mtb infection
(green) and tuberculosis disease are shown (purple). Infected individuals can prog-
ress and regress across the spectrum. Clinical disease: bacteriologically confirmed
and symptomatic; incipient disease, transition from minimal to subclinical disease;
infected, viable Mtb infection with potential to progress to disease; minimal disease,
pathological changes caused by Mtb, but bacteriologically negative; naive-infected-
minimal-incipient-subcinical-clinical-self-cleared, individual has cleared the Mtb
infection and cannot progress to disease without reinfection (dashed arrows); sub-
clinical disease, bacteriologically confirmed, negative at symptom screening.

Table 4. Survey Level Associations With the Proportion of Prevalent

Tuberculosis That Is Subclinical

Change in Proportion of Sub-

clinical TB (95% Confidence P
Variable (n Observations) Interval) Value
Continent (24) .003
Africa Reference
Asia 15.2% (5.6 to 24.8)
HIV prevalence in country (24) .34
Continuous variable -.07% (-2.0t0 .7)
HIV prevalence in country (24)
<1% Reference
1%-2% -5.4% (-18.9 t0 8.1) 41
>2% -10.9% (-24.4t0 2.7) N
Symptom screening (24)
Any symptom Reference
Cough >2 weeks -5.0% (-22.1t0 12.1) .55
Cough >2 weeks and/or -10.1% (-26.8 t0 6.5) 22
other symptoms
TB prevalence (23) .01% (-.01 to .03) .32
Patient diagnostic rate, average -8.7% (-29.8 to 12.4) 4
in the previous 5 years (22)
Proportion of males among the .01% (-.8 to 1.0) .79

cases (21)

Results from univariate meta-regression.
Abbreviations: HIV, human immunodeficiency virus; TB, tuberculosis.
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of the impact of program performance, including the (limited)
ability to address subclinical TB. Our ecological analysis found
no association between program performance and subclinical
TB, likely due to unmeasured confounding factors specific to
each setting. Improved reporting would also provide more data
points, which may increase power for more subtle analyses,
such as the proportion of subclinical TB by duration of cough,
sex, or differences between continents.

We caution for overinterpretation of the evidence for a dif-
ference by continent from meta-regression (Table 4) and meta-
analysis (Supplementary Materials Appendix 2), especially
given that only a subset of countries for each continent is in-
cluded in our study. Unmeasured confounding factors include
differences in the host genetics and bacillary strains that could
affect the natural history of the disease [22]. In addition, not
all surveys followed the exact same protocol, not all of which
was captured in our analysis. Other possible factors are related
to cultural differences regarding awareness of symptoms and
bacteriological confirmation criteria and techniques. Further
studies are necessary to explore the causes and consequences
of this result.

Despite the limitations described above, prevalence surveys
offer clear advantages as a framework for analysis. First, they
represent the most consistent, valid, and extensive effort for TB
burden estimation of the past 3 decades [1] and aim to reflect
in-country clinical practice and case definitions. As a conse-
quence, we could address the persistent ambiguity of the defin-
itions for subclinical TB, in particular, the precise interpretation
of “asymptomatic” and “bacteriologically confirmed”

Our framework places subclinical TB as a distinct interme-
diary disease state, which precedes clinical (ie, symptomatic)
disease and follows after a minimal disease state. Moreover, in-
cipient disease is not a stage but, as indicated in the name, rep-
resents the flow from minimal to subclinical disease. It must be
noted that the prevalence of the minimal disease state might be
influenced by the limitations of X ray, and more sensitive im-
aging techniques, such as computed tomography scan, would
be more sensitive for initial pathological changes. Progression
and regression across the TB natural history spectrum has been
postulated and is supported by historical and recent data [23].
The term “incipient TB” has been widely used to refer to a group
of individuals who will soon progress to subclinical disease.
While this makes it an attractive diagnostic target for predictive
tests [24, 25], the word and concept of “incipient” implies both
a transition and direction that is a flow, not be a disease state.

Our analysis and conceptual framework should enable scien-
tific discourse and policy progress on the unaddressed burden
of subclinical TB. A key consideration is how subclinical TB
contributes to transmission, given that individuals do not re-
port (prolonged) cough. However, people may not recognize
cough as a symptom, and cough may not be required for effec-
tive transmission [4]. A comparison of health-seeking behavior-

between individuals with subclinical (asymptomatic) and clin-
ical (symptomatic) disease could shed more light on the impact
of recognizing symptoms on accessing care, but unfortunately
prevalence surveys did not report the required stratified data.
Another advantage is that these disease stages could help distin-
guish a subpopulation of patients for whom shorter treatment is
both beneficial and safe [26].

A significant proportion of the global TB burden is asympto-
matic and not detectable by current symptom-based screening ef-
forts, fueling the TB epidemic through continued M. tuberculosis
transmission [4]. Detecting subclinical TB provides an opportu-
nity to provide care early in the disease history, which should ben-
efit individuals by preventing extensive lung damage and the risk
of post-TB sequelae [27] and benefit society by interrupting trans-
mission. There are both historical and recent precedents to sup-
port this thesis, showing that symptom-agnostic screening through
X ray [28] or Xpert [29] has near immediate impact on disease
burden in high-incidence settings. The TB community needs to
recognize both the challenge and opportunities of subclinical TB
and develop strategies to address it. If we do so, we should have a
much better chance of ending TB in our lifetime.
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Supplementary materials are available at Clinical Infectious Diseases online.
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