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Abstract

Background

Gilobally, over one-third of pulmonary tuberculosis (TB) disease diagnoses are made based
on clinical criteria after a negative bacteriological test result. There is limited information on

the factors that determine clinicians’ decisions to initiate TB treatment when initial bacterio-

logical test results are negative.

Methods and findings

We performed a systematic review and individual patient data meta-analysis using studies
conducted between January 2010 and December 2022 (PROSPERO: CRD42022287613).
We included trials or cohort studies that enrolled individuals evaluated for TB in routine set-
tings. In these studies, participants were evaluated based on clinical examination and rou-
tinely used diagnostics and were followed for >1 week after the initial test result. We used
hierarchical Bayesian logistic regression to identify factors associated with treatment initia-
tion following a negative result on an initial bacteriological test (e.g., sputum smear micros-
copy (SSM), Xpert MTB/RIF).

Multiple factors were positively associated with treatment initiation: male sex [adjusted
odds ratio (aOR) 1.61 (1.31, 1.95)], history of prior TB [aOR 1.36 (1.06, 1.73)], reported
cough [aOR 4.62 (3.42, 6.27)], reported night sweats [aOR 1.50 (1.21, 1.90)], and having
HIV infection but not on ART [aOR 1.68 (1.23, 2.32)]. Treatment initiation was substantially
less likely for individuals testing negative with Xpert [aOR 0.77 (0.62, 0.96)] compared to
smear microscopy and declined in more recent years. We were not able assess why clini-
cians made treatment decisions, as these data were not available.

Conclusions

Multiple factors influenced decisions to initiate TB treatment despite negative test results.
Clinicians were substantially less likely to treat in the absence of a positive test result when
using more sensitive, PCR-based diagnostics.

Author summary

Why was this study done?

o Tuberculosis (TB) remains one of the leading causes of infectious disease death
worldwide.

o Despite advancements in TB diagnostics, many diagnoses are still based on clinical
judgment rather than bacteriological evidence.

« Understanding why clinicians decide to initiate TB treatment despite negative bacterio-
logical test results can improve diagnostic accuracy and treatment outcomes.
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What did the researchers do and find?

o We conducted a systematic review and meta-analysis of individual patient data from
studies conducted between January 2010 and December 2022, where individuals were
evaluated for TB.

« Key factors associated with initiating TB treatment after a negative bacteriological test
included male sex, history of prior TB, reported cough and night sweats, and having
HIV infection but not on antiretroviral therapy. Clinicians were less likely to initiate
treatment if the initial test was a PCR-based diagnostic like Xpert MTB-RIF (as com-
pared to sputum smear microscopy (SSM)).

What do these findings mean?

« The study identifies several factors that influence clinicians’ decisions to treat for TB
despite negative bacteriological test results.

o These findings can help refine TB diagnostic and treatment protocols, improving
patient outcomes and enhancing public health strategies.

o More evidence is needed on clinicians’ decision-making processes, which we did not
assess in this study.

Introduction

Tuberculosis (TB) remains a leading cause of infectious disease death worldwide [1], and a key
strategy for accelerating TB elimination is to improve capacity for rapid and accurate diagnosis
in high-burden countries [2]. Traditional TB diagnostics have major limitations, with sputum
smear microscopy (SSM) failing to identify a substantial fraction of TB cases, and sputum cul-
ture requiring up to 8 weeks to return results. However, since 2010 the World Health Organi-
zation (WHO) has endorsed several new PCR (polymerase chain reaction)-based diagnostics
with the potential to improve TB case detection, including the Xpert MTB/RIF (Xpert), Xpert
MTB/RIF Ultra (Xpert Ultra), Truenat MTB, Truenat MTB Plus, and Truenat MTB-RIF Dx
assays [3]. These tests combine rapid turn-around time and high sensitivity, enabling timely
and accurate TB diagnosis [3,4].

Despite the potential of these new diagnostics, several studies have found limited effects on
TB diagnoses and mortality following their introduction [5-13]. Evidence from programmatic
settings suggests that clinical diagnosis (diagnosis based on clinical criteria alone, made when
a bacteriological test result is unavailable or is negative) may partially explain this finding [14-
17]. In many countries, clinical diagnosis represents a substantial fraction of notified TB cases
despite the widespread adoption of Xpert, and in 2022 clinical diagnoses represented 38% of
total global notifications for pulmonary TB [1]. If some of the individuals testing false-negative
on an initial bacteriological test are subsequently treated based on clinical criteria, this may
reduce the incremental impact achieved by adopting a more sensitive diagnostic. However, the
widespread use of clinical diagnosis may also increase the number of individuals incorrectly
treated for TB and overlook cases of drug-resistant TB, as studies of the performance of clinical
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diagnosis suggest that the specificity of clinical algorithms can be low [18-20]. For certain
types of tuberculosis, such as extrapulmonary and pediatric TB, clinical diagnosis may be the
primary diagnostic approach.

As higher sensitivity diagnostics become more commonly used, it is useful to understand
current practices around clinical diagnosis, and the factors that affect clinical decision-making
when diagnostic test results are negative. These clinical decisions will affect the overall sensitiv-
ity and specificity of TB diagnostic algorithms, as well as determining the incremental health
impact of new diagnostics. In this study, we conducted a systematic review of studies reporting
diagnostic decisions and treatment initiation following a negative test result received as part of
routine TB diagnosis. Using these data, we conducted an individual patient data (IPD) meta-
analysis to identify the factors that affect clinicians’ decisions to treat for pulmonary TB despite
a negative test result.

Methods

The target population for this study was individuals evaluated for pulmonary TB disease in
routine clinical settings, who had received a negative result on an initial diagnostic test (e.g.,
smear microscopy, Xpert MTB/RIF). We conducted a systematic review to identify data sets
describing the individual characteristics as well as the outcome of TB diagnosis (i.e., whether
or not TB treatment was initiated) for individuals in this target population. The protocol was
registered with PROSPERO: CRD42022287613 [21] and approved by the Institutional Review
Board of the Harvard School of Public Health (IRB21-1488).

Search strategy and selection criteria

Studies were identified by searching Medline/PubMed (National Library of Medicine, NCBI)
and Embase (Elsevier, embase.com). Controlled subject vocabulary terms (i.e., MeSH, Emtree)
were included when available and appropriate. The search strategies were designed and carried
out by a health sciences librarian (CM). The publication date was limited to 2010 to 2022 in
order to restrict the analysis to the period over which new TB diagnostics were being intro-
duced. The exact search strategies are provided in Text A in S1 Supplement. We also contacted
subject matter experts to identify ongoing or recently completed studies not identified in the
database search.

Studies eligible for the review included randomized controlled studies or cohort studies (a)
that enrolled individuals evaluated for TB after presenting for care at routine healthcare set-
tings; (b) where treatment decisions were based on diagnostic tests in routine use in that set-
ting (i.e., additional tests conducted for research purposes were not used); and (c) where
participants were followed for least 1 week following the initial diagnostic test to record
whether or not treatment was initiated. We excluded systematic reviews and studies of nonhu-
man subjects, latent TB, hospitalized patients, multidrug-resistant TB, and active case finding.
We also excluded study participants younger than 18 years of age.

Authors SK and MC independently reviewed the titles and abstracts of each identified arti-
cle, assessing them for inclusion or exclusion using Covidence (Veritas Health Innovation,
Melbourne, Australia, available at www.covidence.org). During the second screening stage,
tull-text articles were obtained for all articles considered relevant or possibly relevant (“yes” or
“maybe”) by both reviewers based on the initial title and abstract review. The authors then
independently evaluated each full-text article to determine its eligibility. SK and NM contacted
the investigators of studies meeting the inclusion criteria to obtain de-identified patient-level
data. This study is reported as per the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline (see Table A in S1 Supplement).

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004502 January 13, 2025 4/18


http://embase.com/
http://www.covidence.org/
https://doi.org/10.1371/journal.pmed.1004502

PLOS MEDICINE

Factors associated with tuberculosis treatment initiation among bacteriologically negative individuals

Variables of interest

For each study data set, we extracted data on individual-level variables describing the type of
initial test received (e.g., Xpert, Ultra, Truenat, SSM), age (18 years or older), sex, presence of
TB-related symptoms (cough, fever, night sweats, weight loss), results for any non-bacteriolog-
ical tests performed (e.g., chest radiography), HIV status, morbidity score (e.g., Karnofsky
score ranging from 0 (dead) to 100 indicating no evidence of disease) if available, TB diagnosis,
whether TB treatment was initiated, date of treatment initiation, date of testing, date culture
result was returned (if applicable), and duration of follow-up. We also extracted contextual
variables including calendar year, country, and type of clinic at which the patient was evaluated
(primary, secondary). We excluded individuals with inconclusive or missing results for the ini-
tial diagnostic test.

After data extraction, we created a master list of variables available from each study. Rele-
vant variables that could influence diagnostic decision-making were selected based on TB
diagnostic algorithms and guidelines consolidated by WHO [3,22]. Given that each study has
different variables and units, we selected common variables across studies for meta-analysis
and converted variable types for consistency across studies (e.g., conversion of continuous var-
iables to categorical variables for symptom durations (unit in weeks)). We collated the harmo-
nized IPD into a single data set.

Our primary outcome was whether or not an individual initiated TB treatment following a
negative SSM, Xpert, or Xpert Ultra result (i.e., the standard of care for initial TB testing in
each setting at the time of the study). While some studies undertook additional investigational
tests that were not part of the routine care, clinicians were blinded to these results (recorded in
each trial report). Although most studies collected samples for sputum culture, we restricted
our analysis to the period before culture results became available.

For studies that recorded a variable indicating whether or not treatment was provided on
clinical grounds, we used this variable as our outcome measure. For all other studies, we
defined clinical diagnosis as instances where treatment was initiated following negative initial
test results but before culture results became available.

Data analysis

IPD meta-analysis was performed via logistic regression, specified for the binary outcome of
whether or not an individual initiated treatment as defined above. To do so, we employed a
hierarchical Bayesian model with country random effects (see Text B in S1 Supplement) to
account for country-specific differences in diagnostic practices not reflected in other variables
[23,24]. For the primary analysis, we fit univariable and multivariable regression models con-
sidering age (18 to 30 years, 31 to 40 years, >40 years), sex (female, male), history of prior TB
(no, yes, unknown), reported cough (yes, no), reported night sweats (yes, no), reported fever
(yes, no), HIV status (negative, positive (not on ART), positive (on ART), unknown), test type
(SSM, Xpert, Xpert Ultra), and calendar year. These variables were included in the primary
analysis based on their availability in the majority of data sets.

We conducted 2 secondary analyses using variables not available for a subset of data sets.
First, using the data sets that provided information on symptom duration, we fit a modified
version of the regression model for the primary analysis, in which the binary variables for
cough, fever, and night sweats were replaced by versions of these variables that each stratified
the observations into one of 3 levels (none, less than 2 weeks, 2 weeks and above). Second, for
the data sets containing chest X-ray results, we reran the regression model for the primary
analysis with this additional variable (normal, abnormal, unknown).
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As a robustness check, we re-estimated the results of the main analysis with 2 alternative
regression specifications. First, we adopted an alternative outcome definition, in which clinical
diagnosis was defined as treatment initiation within 7 days of the initial diagnostic test. While
potentially excluding some clinical diagnoses, this stricter definition may reduce the risk of
bias due to variation in the definition of clinical diagnosis adopted by each study. Second, we
re-estimated results using a regression model in which the country random effects were
replaced by study random effects.

Additionally, we conducted a sensitivity analysis using the probit model, complemented by
cross-validation. To address concerns about heterogeneity, we performed stratified analyses
based on diagnostic tests and HIV status. We also reran the analysis with a model that com-
bined Xpert and Xpert Ultra into a single category of rapid diagnostic tests (RDTs) for com-
parison against SSM. All statistical analyses were performed in R (v.4.2.3) using the “brms”
package (v.2.19.0) [25-27].

Results

Our database search identified 4,286 potentially eligible studies. After removal of duplicates,
this resulted in 3,428 unique references for screening. After review of title and abstract of those
references, full-text screening was performed on 161 studies, with 51 eligible studies identified
(Fig 1). Following communication with investigators for each study, we obtained data from 18
eligible studies. Six of these studies were excluded after initial data cleaning due to missing key
variables or considering a different target population. The final data set included observations
collected between 2011 and 2020, covering 13 countries across 12 studies. Most of these coun-
tries are classified as high-burden for TB by the WHO. Table 1 reports demographic and clini-
cal characteristics for the full analytic sample, and Table C and Text C in S1 Supplement
provide details of each included study.

Primary analysis

The main analysis included data for 15,121 adults evaluated for pulmonary TB for whom the
initial TB test was negative. Of these individuals, 477 were initiated on TB treatment following
clinical diagnosis. Table 2 summarizes the meta-analysis results as odds ratios (ORs) and
adjusted odds ratios (aORs) produced by univariable and multivariable regression models,
respectively, representing the odd ratio of TB treatment initiation among individuals with a
given factor compared to the reference category.

Based on the multivariable analysis, we identified statistically significant increases in the
odds of TB treatment initiation associated with male sex (aOR 1.61 compared to female sex,
95% credible interval (CI): 1.31, 1.95), having a history of prior TB (aOR 1.36 compared to
individuals without prior TB, 95% CI: 1.06, 1.73), having reported cough (aOR 4.62 compared
to no cough, 95% CI: 3.42, 6.27), having reported night sweats (aOR 1.50 compared to no
night sweats, 95% CI: 1.21, 1.90), and having HIV infection but not on ART (aOR 1.68 com-
pared to HIV-negative, 95% CI: 1.23, 2.32).

In terms of the tests used for initial TB diagnosis, we found lower odds of treatment initia-
tion for individuals who had received a negative result on Xpert (aOR 0.77 compared to diag-
nosis via SSM, 95% CI: 0.62, 0.96) and who had received a negative result on Xpert Ultra (aOR
0.57 compared to diagnosis via SSM, 95% CI: 0.30, 1.07), although the results for Xpert Ultra
were not statistically significant. We also estimated declining rates of treatment initiation over
time, controlling for other factors (aOR 0.81 for each additional calendar year, 95% CI: 0.74,
0.90).
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Identification of studies via databases and registers

Records identified from

(n = 4286)

Identification

MED!LINE/PubMed, Embase:

A 4

Records screened
(n =3428)

v

Records removed before
screening:

Duplicate records removed
(n = 858)

A 4

Reports sought for retrieval
(n=161)

v

Screening

Eligible studies identified
(n=51)

\ 4

Records excluded
(n = 3267)

Reports not retrieved
(n=110)

Data obtained for review
(n=18)

Data obtained

4

Studies included in review
(n=12)

Included

N

Reports excluded:
Reason 1: missing treatment
information/variables (n = 16)
Reason 2: wrong patient
population (n = 5)
Reason 3: non-response from
authors (n = 9)
Reason 4: data no longer exist
in a shareable format (n=3)

Reports excluded:
Reason 1: missing key
variables (n =4)
Reason 2: considering a
different target population
(n=2)

Fig 1. Identification of studies and data to include in the meta-analysis.

https://doi.org/10.1371/journal.pmed.1004502.9001
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Table 1. Demographic and clinical characteristics of study population.

Included in study (1, column percentage)

Initiated on treatment (1, column percentage)

Percentage initiated on treatment (%)

Total sample 15,121 477 3.15
Age category
18-30 years 4,884 (32.3%) 116 (24.3%) 2.38
31-40 years 4,854 (32.1%) 176 (36.9%) 3.63
41 years and above 5,383 (35.6%) 185 (38.8%) 3.44
Sex
Male 6,081 (40.2%) 263 (55.1%) 4.32
Female 9,040 (59.8%) 214 (44.9%) 2.37
History of prior TB
Yes 2,195 (14.5%) 103 (21.6%) 4.69
No 12,648 (83.7%) 368 (77.1%) 2.90
Unknown 278 (1.8%) 6 (1.3%) 2.16
Reported cough
None 6,481 (42.9%) 81 (17.0%) 1.25
Yes 8,640 (57.1%) 396 (83.0%) 4.58
Reported night sweats
None 10,341 (68.4%) 222 (46.5%) 2.15
Yes 4,780 (31.6%) 255 (53.5%) 5.33
Reported fever
None 10,287 (68.0%) 240 (50.3%) 2.33
Yes 4,834 (32.0%) 237 (49.7%) 4.90
HIV
Negative 3,101 (20.5%) 90 (18.9%) 2.90
Positive, not on ART 7,600 (50.3%) 237 (49.7%) 3.11
Positive, on ART 2,424 (16.0%) 104 (21.8%) 4.30
Unknown 1,996 (13.2%) 46 (9.6%) 2.30
Study year
2011-2013 9,915 (65.6%) 350 (73.4%) 3.53
2014-2017 2,138 (14.1%) 40 (8.4%) 1.87
2018-2020 3,068 (20.3%) 87 (18.3%) 2.84
Country
Belarus 97 (0.6%) 1(0.2%) 1.03
Botswana 5,838 (38.6%) 132 (27.7%) 2.26
Brazil 272 (1.8%) 5 (1.0%) 1.84
Ethiopia 173 (1.1%) 2 (0.4%) 1.16
Georgia 300 (2.0%) 6 (1.3%) 2.00
Ghana 121 (0.8%) 6 (1.3%) 4.96
India 1,062 (7.0%) 23 (4.8%) 2.17
Kenya 290 (1.9%) 16 (3.4%) 5.52
Papua New Guinea 112 (0.7%) 4(0.8%) 3.58
Peru 298 (2.0%) 5 (1.0%) 1.68
South Africa 5,877 (38.9%) 168 (35.2%) 2.86
Uganda 291 (1.9%) 43 (9.0%) 14.78
Zimbabwe 390 (2.6%) 66 (13.8%) 16.92

https://doi.org/10.1371/journal.pmed.1004502.t001
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Table 2. Odds ratios of TB treatment initiation following a negative diagnostic test result.

Univariable analysis

(95% Credible intervals)

Multivariable analysis™
(95% Credible intervals)

Age category

18-30 years Ref Ref

31-40 years 1.44 (1.13, 1.83) 1.17 (0.92, 1.51)

41 years and above 1.42 (1.12, 1.80) 1.11 (0.87, 1.43)
Sex

Female Ref Ref

Male 1.80 (1.50, 2.16) 1.61 (1.31, 1.95)
History of prior TB

None Ref Ref

Yes 1.61 (1.13,2.03) 1.36 (1.06, 1.73)

Unknown 0.81(0.32,1.77) 0.73 (0.28, 1.65)
Reported cough

None Ref Ref

Yes 5.93 (4.52, 7.88) 4.62 (3.42, 6.27)
Reported night sweats

None Ref Ref

Yes 2.34(1.89, 2.89) 1.50 (1.21, 1.90)
Reported fever

None Ref Ref

Yes 1.84(1.48,2.28) 1.13 (0.91, 1.39)
HIV

Negative Ref Ref

Positive, not on ART

1.88 (1.38, 2.57)

1.68 (1.23,2.32)

Positive, on ART

0.73 (0.52, 1.02)

0.90 (0.64, 1.30)

Unknown

0.98 (0.65, 1.46)

0.82 (0.55, 1.20)

Diagnostic test

Sputum Smear

Ref

Ref

Xpert 0.64 (0.51,0.79) 0.77 (0.62, 0.96)
Xpert Ultra 0.21 (0.13, 0.34) 0.57 (0.30, 1.07)
Year 0.77 (0.71, 0.83) 0.81 (0.74, 0.90)

*Multivariable regression model also included country random effects, coefficients shown in Table B in S1

Supplement. Ref = reference category.

https://doi.org/10.1371/journal.pmed.1004502.t002

Secondary analyses

In the first secondary analysis, we estimated ORs for cough, fever, and night sweats categorized
by duration of symptoms, using data from the 5 studies for which this variable was available
(7,468 observations). These findings indicated strong positive associations between TB treat-
ment initiation and a reported cough of 0 to 2 weeks duration (aOR 3.29 compared to no
reported cough, 95% CI: 1.64, 7.34) and >2 weeks duration (aOR 5.34 compared to no
reported cough, 95% CI: 2.72, 11.82) (Fig 2). Reported night sweats of 0 to 2 weeks duration
also demonstrated elevated odds of treatment initiation (aOR 1.45 compared to no reported
night sweats, 95% CI: 1.06, 2.00).

The second secondary analysis estimated differences in treatment initiation based on chest
X-ray result, using data from the 3 studies in which X-ray was conducted as part of TB
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1.43 (1.01 - 2.06)

Age (31-40yrs)

Age (>40yrs)

1.23 (0.89 - 1.73)

1.44 (1.10 - 1.89)
@

Sex (male)-

1.76 (1.29 - 2.36)

History of prior TB (yes)

Cough (52 weeks)

3.29 (1.64 - 7.34)

Cough (>2 weeks)

5.34 (2.72 - 11.82)

1.45 (1.06 - 2.00)

Night sweats(<2 weeks)-

1.42 (0.99 - 2.03)

Night sweats (>2 weeks)

0.79 (0.58 - 1.07)

Fever (€2 weeks)

Fever (>2 weeks)

0.81 (0.56 - 1.16)

HIV (positive, not on ART)

1.47 (1.04 - 2.08)
@

HIV (positive, on ART)

0.70 (0.45)- 1.08)
-

HIV (unknown)

0.83 (0.56 - 1.23)

0.46 (0.32 - 0.65)

Negative Xpert

0.32 (0.16 - 0.69)

Negative Xpert Ultra

0.85 (0.73 - 0.98)

Year

—— ‘

0.1

1.0 10.0
Odds Ratios

Fig 2. Odds ratios of TB treatment initiation following negative diagnostic test result: Secondary analysis for data sets including duration of symptoms for
cough, fever, and night sweats™ .* Reference group: Age 18-30 years old, female sex, no history of prior TB, no reported cough, no reported fever, no reported
night sweats, HIV-negative, tested negative with SSM. Blue symbols signify ORs >1.0, red symbols signify ORs <1.0. ART, antiretroviral therapy; OR, odds ratio;
SSM, sputum smear microscopy; TB, tuberculosis.

https://doi.org/10.1371/journal.pmed.1004502.9002

evaluation (2,449 observations). In these data, 1,677 individuals had a normal X-ray result
(1.1% (18/1,677) initiated on treatment) and 456 had an abnormal X-ray result (6.1% (28/456)
initiated on treatment). The results of this analysis showed that having an abnormal X-ray
result had a strong positive association with treatment initiation, with an aOR of 6.89 (95% CI:
3.29, 14.42) compared to individuals with normal X-ray results (Table D in S1 Supplement).

Alternative model specifications

Table 3 presents results for 2 alternative model specifications. In the first alternative specifica-
tion, we analyzed an alternative outcome defined as treatment initiation within 7 days of the
initial diagnostic test, representing 1.4% (205/15,121) of all observations. These results were
generally consistent with the results of the primary analysis, although the odds ratio estimated
for receiving a negative result on Xpert Ultra was lower than in the primary analysis and
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Table 3. Odds ratios of TB treatment initiation following negative diagnostic test result: Alternative model specification using strict outcome definition and study

random effects.

Adjusted odds ratios for treatment initiation (95% credible intervals)

Main analysis (primary outcome*,

First alternative specification (alternative

Second alternative specification (primary

country random effects) outcome™*, country random effects) outcome, study random effects)***
Age category
18-30 years Ref Ref Ref
31-40 years 1.17 (0.92, 1.51) 1.35 (0.90, 2.02) 1.13 (0.88, 1.46)

41 years and
above

1.11 (0.87, 1.43)

1.37 (0.94, 2.06)

1.07 (0.84, 1.37)

Sex

Female Ref Ref Ref

Male 1.61 (1.31, 1.95) 1.57 (1.17,2.12) 1.62 (1.34, 1.95)
History of prior
TB

None Ref Ref Ref

Yes 1.36 (1.06, 1.73) 1.45 (1.03, 2.02) 1.36 (1.08, 1.72)

Unknown 0.73 (0.28, 1.65) 0.57 (0.14, 1.75) 0.39 (0.06, 1.65)
Reported cough

None Ref Ref Ref

Yes 4.62(3.42,6.27) 6.78 (3.78, 12.65) 4.73 (3.50, 6.37)
Reported night
sweats

None Ref Ref Ref

Yes 1.50 (1.21, 1.90) 1.29 (0.93, 1.78) 1.45(1.17, 1.82)

Reported fever

None Ref Ref Ref

Yes 1.13 (0.91, 1.39) 1.14 (0.84, 1.56) 1.08 (0.87, 1.34)
HIV

Negative Ref Ref Ref

Positive, not on
ART

1.68 (1.23,2.32)

1.84 (1.16, 2.95)

1.55 (1.12, 2.14)

Positive, on
ART

0.90 (0.64, 1.30)

0.92 (0.58, 1.48)

0.86 (0.59, 1.24)

Unknown

0.82 (0.55, 1.20)

0.38 (0.20, 0.69)

0.87 (0.59, 1.29)

Diagnostic test

Sputum Smear

Ref

Ref

Ref

Xpert 0.77 (0.62, 0.96) 0.65 (0.42, 0.98) 0.79 (0.62, 0.99)
Xpert Ultra 0.57 (0.30, 1.07) 0.35(0.17, 0.75) 0.37(0.21, 0.64)
Year 0.81 (0.74, 0.90) 0.97 (0.85, 1.09) 0.87 (0.74, 1.04)

*Our primary outcome was the initiation of TB treatment after negative SSM, Xpert, or Xpert Ultra results; using treatment provision on clinical grounds if available,

otherwise defining clinical diagnosis as treatment initiation post-negative initial tests prior to culture results.

**For alternative outcome definition, clinical diagnosis was defined as treatment initiation within 7 days of the initial diagnostic test.

***Multivariable regression model also included study random effects, coefficients shown in Table E in S1 Supplement. Ref = reference category.

https://doi.org/10.1371/journal.pmed.1004502.t003

statistically significant (aOR 0.35 compared to diagnosis via SSM, 95% CI: 0.17, 0.75). Addi-
tionally, the estimated time trend in treatment initiation was no longer significant (aOR 0.97
for each additional calendar year, 95% CI: 0.85, 1.09).
The results for the second alternative specification (results estimated with study random
effects instead of country random effects) were generally consistent with the results of the
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primary analysis, although the odds ratio estimated for receiving a negative result on Xpert
Ultra was lower than in the primary analysis and statistically significant (aOR 0.37 compared
to diagnosis via SSM, 95% CI: 0.21, 0.64). The estimated time trend in treatment initiation was
no longer significant (aOR 0.87 for each additional calendar year, 95% CI: 0.74, 1.04).

Our sensitivity analysis results showed that our findings remain consistent across different
models (logit versus probit) with cross-validation confirming that our main model exhibits a
better fit (Table F in S1 Supplement). In addition, stratified analyses across different diagnostic
tests and HIV status demonstrated the robustness and consistency of our results across various
subgroups (Tables G and H in S1 Supplement). Further, the results combining Xpert and
Xpert Ultra into a single category of RDT were also consistent with the findings of the primary
analysis, as shown in Table I in S1 Supplement. Lastly, Table J in S1 Supplement provides
additional evidence of the influence of each predictor on treatment decisions, reporting the
absolute risks and risk differences of treatment initiation associated with a change in each pre-
dictor, holding others constant.

Discussion

This study examined the factors associated with treatment initiation among adults evaluated
for TB in routine healthcare settings, who had received a negative result on an initial bacterio-
logical test for TB. Our analyses showed that male sex, a history of prior TB, reported cough,
and having HIV infection but not receiving ART were positively associated with clinicians’
decisions to initiate TB treatment. Among the 3 tests used for initial diagnosis, individuals
receiving a negative result on Xpert were substantially less likely to be initiated on treatment
compared to individuals who had received a negative result with SSM. Though not statistically
significant in the main analysis, a negative result on Xpert Ultra was also associated with lower
treatment initiation rates compared to SSM. In addition, the secondary analyses demonstrated
increasing odds of treatment initiation with longer duration of cough (specifically, cough per-
sisting for over 2 weeks). Similarly, the presence of an abnormal chest X-ray result was found
to have a strong positive association with treatment initiation. We also observed a lower likeli-
hood of treatment initiation in more recent years, controlling for other factors.

Most results from the alternative model specifications were consistent with those of the pri-
mary analysis. For the first alternative specification (outcome defined as treatment initiation
within 7 days of the initial TB test), the fraction diagnosed clinically was lower than in the pri-
mary analysis (3.2% versus 1.4%), and this outcome definition may have excluded some indi-
viduals who were treated clinically but with a greater delay. However, this outcome definition
reduced potential inter-study variation in the definition of clinical diagnosis, and the risk of
bias due to clinicians accessing culture results before making treatment decisions. The second
alternative specification assumed that residual variation in clinical decision-making was pri-
marily attributable to study-specific factors (versus country-specific factors in the main analy-
sis). That the estimated odds ratios were mostly consistent across different model
specifications provides some assurance that these results are robust. One small difference was
for Xpert Ultra, for which in both alternative specifications individuals testing negative on
Xpert Ultra were estimated to be significantly less likely to begin treatment compared to those
who received a negative result from SSM, with these odds ratios lower than those estimated in
the primary analysis, and statistically significant. In addition, the results describing the time
trend were no longer statistically significant in both alternative specifications.

The findings for individual covariates can be interpreted in light of factors that clinicians
may consider during TB diagnosis. These considerations include the pre-test probability of
disease (prevalence of TB disease among individuals being tested), the expected magnitude of
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harms resulting from an incorrect negative diagnosis relative to the harms of an incorrect posi-
tive diagnosis, and the expected sensitivity and specificity of the tests being used. Several of the
covariates examined in this study are relevant to these considerations.

First, several of the covariates we examined may influence clinician’s beliefs about the pre-
test probability of disease. Based on WHO guidelines for TB diagnosis and treatment in HIV-
prevalent and resource constrained settings, a history of prior TB and symptoms suggestive of
TB imply a higher pre-test probability of disease, and therefore may increase clinical suspicion
for TB [28]. Similarly, in many settings persons living with HIV have higher TB incidence
compared to HIV-negative individuals, and men have elevated incidence rates compared to
women, such that clinicians may expect these characteristics to imply a higher disease preva-
lence among those evaluated for TB. In light of these relationships (each of which was linked
to elevated treatment initiation rates), it is somewhat surprising that reported fever had a mod-
est association with treatment initiation. While the presence of fever has been associated with
TB, it is also associated with many other conditions, and therefore may be of limited value in
distinguishing TB from other alternative diagnoses (as has been found with antibiotic trial as a
diagnostic modality [29]).

For the second consideration (harms resulting from an incorrect negative diagnosis relative
to the harms from an incorrect positive diagnosis), it is possible that this contributes to the ele-
vated treatment initiation odds estimated for persons living with HIV, as compared to HIV-
negative individuals. Individuals with both HIV and TB experience rapid disease progression
and are less likely to survive the TB episode compared to HIV-negative individuals with TB
[30-32]. As a consequence, the urgency of initiating TB treatment (if TB is suspected) will be
much greater for individuals found to have HIV compared to those living without HIV. In
contrast, the harms produced by a false-positive diagnosis, while not trivial, may not differ sub-
stantially between individuals with and without HIV.

For the third consideration (test sensitivity and specificity), this may explain the results esti-
mated for the different test types (smear microscopy, Xpert, Xpert Ultra). The poor sensitivity
of smear microscopy for pulmonary TB is well known, as is the improved performance of
Xpert and Xpert Ultra compared to smear microscopy [33,34]. Because of the higher sensitivity
of these new PCR-based tests, an individual testing negative on one of these tests is less likely
to have TB than if the individual had instead tested negative with smear, all other things being
equal. Clinicians aware of these relationships may be more hesitant to recommend treatment
for patients that have tested negative with a high-sensitivity test. It is also true that each of the
tests examined is known to have lower sensitivity among individuals with HIV infection [35],
and this may be an additional factor contributing to the higher odds of treatment initiation for
HIV-positive individuals following a negative test.

If it is true that clinicians are less likely to make a clinical diagnosis following a negative
Xpert or Xpert Ultra result (versus a negative result on SSM), this could have implications for
the impact of these new diagnostic tests on overall algorithm performance. Earlier modeling
studies have demonstrated that clinical diagnosis could reduce the incremental effects of Xpert
introduction on algorithm sensitivity, assuming that negative Xpert and negative SSM results
are treated the same way by clinicians [36,37]. These effects could be magnified if clinicians are
less likely to make clinical diagnoses following a negative Xpert, further reducing the overall
impact of Xpert introduction on algorithm sensitivity, while at the same time increasing algo-
rithm specificity. For individuals testing false-negative with Xpert, greater hesitance to initiate
treatment based on clinical criteria could increase diagnostic delays, prolonging TB-related
morbidity and mortality risks. Given the urgency of increasing TB case detection, further
research on these potential mechanisms—and how to optimally balance the trade-offs involved
in TB diagnosis—is needed.
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There are several limitations to this study. First, we were not able to analyze all factors
that potentially inform clinician decision-making, due to differences in the covariates
recorded in the study data sets. It is possible that additional individual characteristics—such
as recent weight loss or reporting a known TB contact, or medical comorbidities such as dia-
betes or other immunosuppressive conditions—may impact clinical decision-making but
were not consistently captured in the study data. When X-ray results were available, they
were found to have a major impact on clinical decision-making, but X-ray was only per-
formed in a minority of studies. Similarly, it is possible that factors related to the healthcare
setting, differences in national guidelines or protocols, or the capabilities of clinicians per-
forming diagnosis may influence rates of clinical diagnosis. However, these setting-specific
data were not available for analysis, contributing to differences in treatment initiation across
countries. These setting-specific differences were substantial (quantified by the country ran-
dom effects included in the main analysis), pointing to the existence of additional determi-
nants of treatment initiation not captured by our analysis. Additional research to identify
these factors is needed.

Second, our analytic population excluded patients aged under 18. While diagnosis for older
children and adolescents may be similar to adults, clinicians will have different decision crite-
ria for diagnosis of infants, due to both the different presentation of TB and the poor perfor-
mance of available TB diagnostics in young children.

Third, while we selected studies to only include those performed under routine clinical con-
ditions, it is possible that the behavior of clinicians performing TB diagnosis could have been
influenced by their participation in clinical research. For example, it is possible that rates of
clinical diagnosis will be lower in trial settings, if clinicians believe that missed diagnoses can
be resolved through additional diagnostic testing undertaken as part of the trial (such as via
sputum culture, performed in the majority of studies included in our review). If no additional
testing is expected, clinicians may be more willing to make clinical diagnoses. Conversely, for
routine settings where follow-up testing is common (or where multiple tests are conducted
concurrently) rates of clinical diagnosis could be similar to those observed in trial settings. It is
also possible that trial protocols may have influenced the factors considered during clinical
diagnosis. Moreover, the clinics in which these studies were conducted may have been selected
based on their capacity to participate in research, which may limit their representativeness of
the general context of TB care.

Fourth, while many of the findings of the analysis are consistent with general principles
of good patient care (as discussed above), we did not have access to additional evidence
describing why clinicians made the decisions they did. Fifth, we did not compare clinical
diagnosis decisions with culture results that subsequently became available. While such a
comparison was outside the scope of the current study—which focused on clinical decisions
made before any additional test results became available—this comparison would be useful
for judging the diagnostic accuracy of clinical diagnosis and could be addressed in a subse-
quent study.

In conclusion, in this multi-country IPD meta-analysis of clinical diagnosis for TB, we
found multiple clinical factors to be associated with the decision to initiate TB among indi-
viduals who receive a negative result on an initial bacteriological test for TB. Understanding
these factors will allow for a more nuanced interpretation of the data describing the impact
of introducing new TB diagnostics [37-39] and can inform efforts to refine clinical diagnos-
tic algorithms, determine the appropriate balance between sensitivity and specificity when
revising diagnostic approaches [40], and improve the overall performance of TB case
detection.
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