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ABSTRACT

Objective To assess the diagnostic accuracy of stool
specimens to diagnose pulmonary tuberculosis (PTB) in
adults.

Design Systematic review.

Data sources MEDLINE (Ovid), Embase (Ovid), Web

of Science and the Cochrane database were searched
from inception to 9 March 2023—-10 March 2023 using a
comprehensive search strategy; reference lists of selected
articles and relevant review articles were manually
searched.

Eligibility criteria for selecting studies Studies

in English reporting diagnostic performance of stool
specimens against respiratory specimens using
mycobacterial culture or smear microscopy or Xpert assay
to diagnose PTB in adults were eligible for this systematic
review.

Data extraction and synthesis Two reviewers
independently screened the retrieved citations and
extracted data. The risk of bias and applicability of results
were assessed using the Quality Assessment of Diagnostic
Accuracy Studies-2 tool. Narrative data synthesis was
performed.

Results A total of 1658 citations were screened, and

28 full-text articles were assessed. Nine studies met the
inclusion criteria. The reported sensitivity and specificity
of stool culture varied between 21.4% and 63.9%, and
61.5% and 100%, respectively. In stool smear microscopy,
sensitivities and specificities ranged from 12.1% to 53.9%,
and from 79.5% to 100%, respectively. The reported
sensitivities of PCR assays, including Xpert assays, ranged
from 69.7% to 100%, with specificities ranging from
69.8% to 100%. Most of the studies had a low risk of bias
and a low applicability concern in all domains.
Conclusion This systematic review could not conclude
on the diagnostic accuracy of stool specimens for PTB
diagnosis in adults. Further studies are required to
evaluate the accuracy of stool specimens in adults to
enable meta-analyses in updates of this review as well as
other systematic reviews.

PROSPERO registration number CRD42021245203.

INTRODUCTION

Tuberculosis (TB) is a major infectious
disease caused by the bacteria Mycobacterium
tuberculosis (MTB). Before the COVID-19
pandemic, it was the leading cause of
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Acomprehensive, up-to-date search was performed,
and rigorous methodologies were employed.

= This review only included articles in English, which
might result in us having missed relevant articles
published in other languages.

= Significant heterogeneity among the included stud-

ies precluded a meta-analysis of study results.

death worldwide due to a single infectious
pathogen.' In low-income and lower-middle-
income countries, it is still ranked among the
top 10 causes of mortality.” Each year, it affects
around 10million people globally, and kills
approximately 1.4 million,” with the majority
suffering from pulmonary TB (PTB).* Accu-
rate diagnosis is one of the major obstacles
to global TB control, and WHO has priori-
tised strengthening diagnostic criteria and
tests.*? Early identification of TB is critical to
ensure optimal patient care and treatment,
including effective TB control.’ Despite the
availability and recent advances in TB diag-
nostic tests, only 59% of PTB cases reported
globally were bacteriologically verified,'
implying that nearly half of the patients are
treated for TB based on clinical symptoms,
radiographic findings and contact history
with patients with TB. As a result, there is an
urgent need to develop an expeditious and
accurate TB diagnostic test.

Sputum remains the most commonly used
clinical sample and microbiological confir-
mation of MTB is mostly reliant on sputum
samples for PTB diagnosis.” Sputum smear
microscopy is the most widely available diag-
nostic testfor pulmonary TBin primary health-
care settings,”” while mycobacterial culture is
considered the gold standard for bacterio-
logical confirmation with drug susceptibility
testing (DST) able to inform appropriate
treatment regimen.'” The nucleic acid ampli-
fication tests, such as PCR, real-time PCR
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(RT-PCR) and loop-mediated amplification test, are avail-
able for TB diagnosis."' '* In recent years, Xpert MTB/
RIF, using the RT-PCR, has been made widely available
at the secondary and tertiary care levels with advantages
of higher sensitivity than smear microscopy, the ability to
detect rifampicin resistance and to provide rapid bacte-
riological confirmation within 1-2days."" '* '* Moreover,
the WHO 2021 consolidated guidelines on TB has recom-
mended Xpert MTB/RIF as an initial diagnostic test
instead of microscopy, culture and DST for both adults
and children with signs and symptoms of pulmonary TB."”

The diagnostic accuracy of these tests varied by the
quality and the amount of MTB in sputum samples.*
Furthermore, PTB diagnosis is challenging for individ-
uals who are unable to expectorate sputum, which is espe-
cially common among young children, HIV patients, the
severely ill and the elderly."® Sputum induction, gastric or
nasopharyngeal aspiration, or fibre-optic bronchoscopy
are used as alternative methods to collect respiratory
specimens from individuals who are unable to produce
expectorated sputum. These procedures are invasive,
costly and require qualified technical skills and equip-
ment that might not be readily available, particularly
in resource-constrained settings.'” " As a result, a non-
invasive approach for diagnosing PTB without sputum
would benefit these critical patient groups. Stool samples
can be used as a substitute for respiratory specimens in
the diagnosis of PTB.*> When sputum is swallowed and
MTB passes through the digestive tract, microscopy,
culture and PCR testing, including the Xpert assay, can
detect MTB in stool specimens.”’ ** Recent systematic
reviews on PTB diagnosis in paediatric patients using
the Xpert and other PCR-based assays on stool samples
have shown high specificity with moderate sensitivity and
suggest using stool samples as a rule-in test for PTB diag-
nosis in children.** WHO has also recommended stool
specimens on Xpert MTB/RIF assay for PTB diagnosis in
children in its latest update in 2021."

While a number of studies evaluating the use of stool
samples for PTB diagnosis in adults have been published,
the utility in the adult population has notyet been assessed
through a systematic analysis. Therefore, this systematic
review aims to compare the diagnostic accuracy of stool
specimens in microscopy, culture and PCR assays against
the microbiological reference standard test/s, such as
smear microscopy, culture or Xpert assay using respira-
tory specimen/s to diagnose PTB in adults. This review
is intended to serve as a crucial resource for information
on the diagnosis of PTB in adults, particularly in patients
who provide insufficient sputum or are unable to expec-
torate sputum.

METHODS

This systematic review was conducted following the meth-
odology of Cochrane Systematic Reviews of Diagnostic
Test Accuracy® and reported following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses

of Diagnostic Test Accuracy criteria.”’ The published
protocol describes the methodology in detail, including
the formulation of a search strategy, the screening data
extraction, the appraisal of included articles for quality
assessment and data synthesis.'® This systematic review
is registered in the International Prospective Register of
Systematic Reviews (CRD42021245203).

Search strategy and selection criteria

Search terms, keywords and synonyms such as “Mycobac-

terium tuberculosis” or “MTB,” “pulmonary tuberculosis”

or “PTB,” “tuberculosis,” or “IB,” “adults” or “elderly,”

“stool” or “faeces” or “faecal,” and “diagnosis” or “diag-

nostic” and different combinations of the keywords were

used to develop a comprehensive search strategy. Four
databases: MEDLINE (Ovid), Embase (Ovid), Web of

Science and Cochrane database were searched with no

date restrictions. The initial search was conducted in

April 2021 and it was updated on 9 March 2023-10 March

2023 (final searches are available in online supplemental

file 1). In addition, to prevent missing relevant studies,

reference lists of identified studies and relevant reviews
were also searched.

Studies were selected in compliance with the following
inclusion criteria:

I.  Examined stool specimens in adults (18 years and
older) with presumptive/active PTB using microsco-
py or culture or PCR assays (index test).

II. PTB diagnosis was accompanied by bacteriological
confirmation of MTB in the respiratory samples us-
ing culture and/or microscopy, and/or Xpert assay
(reference test).

III. Study design: retrospective and prospective cross-
sectional and cohort studies, randomised controlled
trials, and case—control studies that evaluated stool
samples for PTB diagnosis.

IV. Studies that evaluated diagnostic accuracy and/or
supplied enough data to generate diagnostic accura-
cy metrics (true positive, false positive, true negative,
false negative).

V. Studies that also used banked/stored sputum and
stool specimens for PTB diagnosis.

VI. Studies including both adults and children, and dis-
aggregated adult data were available.

Studies were excluded if (1) study participants were
below 18 years; (2) stool samples were not tested for PTB
diagnosis; (3) case reports, reviews, conference proceed-
ings, and abstracts, editorials, and commentaries and (4)
articles in languages other than English.

Study screening and selection

Search results were imported into Covidence,28 and
duplicate articles were removed. Two review authors (SS
and KMS-U-R/SA) independently screened the titles and
abstracts of all included articles as per the predefined
eligibility criteria, followed by the full-text review of all
selected articles (SS and KMS-U-R/SA). Any discrepancies
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were resolved through discussion, or a third reviewer

(MH) was consulted, where necessary.

Data extraction and assessment of study quality

Data extractions were independently carried out by two
review authors (SS and MH) using a predefined data
collection template. Any discrepant judgements were
discussed and resolved by a third reviewer (KMS-U-R).
Attempts were taken to communicate with the study
corresponding author/s to obtain additional data.

Two reviewers (KMS-U-R and MH) independently
assessed the risk of bias and applicability of the included
studies using the Quality Assessment of Diagnostic Accu-
racy Studies tool.”” Non-consensus between the reviewers
was resolved through consultation with the third reviewer

(SS).

Data synthesis

A descriptive synthesis was performed following the
review objective and outcome measures. Meta-analyses
could not be performed due to heterogeneity in included
studies and insufficient data. Exact binomial 95% CIs were
computed for all estimates of sensitivity and specificity.

Patient and public involvement

RESULTS

A total of 2075 citations were identified through the data-
base search. After duplicates were removed, 1658 unique
citations remained. In total, 1629 citations were excluded
during the title and abstract screening, and 28 full-text
articles were reviewed. Of these, nine articles were eligible
for inclusion (figure 1).

Characteristics of the included studies

The included studies were conducted in 10 countries,
most of them from Asian countries,sO’M 3 studies from
Africa®™ and 1 study from Europe.”® Of these, four
studies were conducted in five high-TB-burden coun-
tries—Bangladesh,” China,™ Ethiopia,” and Thailand
and Vietnam,” including one study in a high TB/HIV
burden country.37 Most studies (7 out of 9, 78%) were
carried out prospectively.”” The number of microbio-
logically positive (PTB patients) and negative (non-TB
healthy individuals) cases in the included studies ranged
from 65 to 187, with a total of 998 participants. Two
studies recruited only persons living with the HIV* %
whereas three studies did not report on the HIV status
of the participants,” > *® and the rest of the studies had
a mixed population. Seven studies used expectorated
sputum as the specimen type for the reference standard
and one study used transtracheal aspirate sputum speci-
mens.* Reference standard tests were variable across the
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studies, six studies®*” had culture as the reference stan-
dard while other studies reported a combination of refer-
ence standards (eg, culture and/or smear microscopy
and PCR). All studies reported different types of culture
media for the reference standard. Six studies performed
all three diagnostic tests (culture, microscopy and PCR)
on the stool specimen,™ *' #3373 one study used only
culture®™ and the rest two performed PCR tests.”
Among the studies that performed PCR tests, three studies
performed Xpert MTB/RIF assay,” ** ** including one
study used Xpert MTB/RIF ultra (Xpert ultra)®” and the
remaining studies used other PCR assays such as IS6110,
quantitative PCR, Region of Difference 9-based PCR,
Transcription Reverse-transcription Concerted reaction
and TB molecular bacterial load assay. Online supple-
mental table 1 summarises the key characteristics of the
included studies. A substantial variation was also observed
in stool processing methods across the studies (online
supplemental file 2).

Diagnostic accuracy results

The sensitivity of stool specimen culture ranged from
21.4% to 63.9% in the 7 studies, among them, 2 studies
using 2 culture media reported the diagnostic accuracy
results separately.” *” The specificities of stool culture
were varied between 61.5% and 100%. The reported
sensitivities of stool smear microscopy were relatively
low, ranging from 12.1% to 53.9% in the 6 studies. By
contrast, the specificity was uniformly high across most of
the studies, ranging from 79.5% to 100%. The sensitivity
and specificity of the Xpert MTB/RIF assay ranged from
85.7% to 90.6% and 93.9% to 100%, respectively, while
the reported sensitivity and specificity of Xpert ultra were
83.6% and 87.2%. For other PCR assays, the sensitivity
and specificity varied from 69.7% to 100% and 69.8% to
97.3%, respectively, in the 5 studies. The sensitivity and
specificity of the included studies are presented in online
supplemental table 2 and figure 2.

Methodological quality of included studies

The risk of bias was high in three studies for the patient
selection domain for using a case—control study design,* **
and for an unclear sampling strategy,” the remainder
had a low risk of bias. For the index test and the flow and
timing domain, all studies were judged to have a low risk
of bias. The risk of bias was unclear in one of the studies”
for the reference standard domain, as it was uncertain
whether the reference standard results were interpreted
without knowledge of the index test results. There were
low applicability concerns for patient selection, index test
and reference standard domains across all the studies,
except one study’ was judged to have unclear applica-
bility concerns for reference standard domains. The
summary of the risk of bias assessment of the included
studies is presented in figure 3.

DISCUSSION
TB is a major global health problem, claiming millions of
lives each year and contributes significantly to the disease

burden across the world. Early and correct diagnosis is
critical to prevent TB morbidity and mortality. However,
despite significant progress in technologies and methods
in TB diagnosis, rapid and early diagnosis remains a key
challenge for PTB diagnosis. Sputum is the most widely
used clinical specimen for PTB testing, yet it possesses
some challenges in the acquisition of a sputum sample
and the performance of the diagnostic test/s often
depends on the quality of the sputum specimen.* This
systematic review aimed to evaluate the diagnostic perfor-
mance of stool specimens in PTB diagnosis in adults.
The literature search and screening process identi-
fied nine articles that met the inclusion criteria. This
systematic review identified substantial variation in
the included studies in terms of study subjects, use of
reference standards and index test/s, including stool
processing methods. Hence, we could not conclude on
the diagnostic accuracy of stool specimens for PTB diag-
nosis from this systematic review. A considerable varia-
tion was observed in diagnostic accuracies, particularly
for sensitivities and all with wide Cls. These variations in
accuracy estimates might be owing to differences in the
included studies as mentioned earlier. However, spec-
ificities were found to be higher among the included
studies compared with sensitivity estimates. Furthermore,
in contrast to observed between-study variations of stool
culture and smear microscopy, PCR assays including
Xpert MTB/RIF assays demonstrated higher sensitivity
(69.7%-100%). Previous systematic reviews and meta-
analyses evaluating the performance of stool specimens
in PTB diagnosis in children using Xpert MTB/RIF,
including in-house molecular tests showed a pooled sensi-
tivity of 67%,* 50%% and 57%.%° A Cochrane review also
reported a sensitivity of 61.5% and a specificity of 98.5%
in paediatric stool specimens for Xpert MTB/RIF, while
the sputum Xpert MTB/RIF showed slightly higher sensi-
tivity and specificity at 64.6% and 99%, respectively.”’ It
is noteworthy to mention that there has been a lack of
standardised protocols for stool specimen collection and
processing that also influence the diagnostic yields, partic-
ularly for molecular assays,”* * hence requiring further
investigations to evaluate and compare the performances
of these different methods. Furthermore, the observed
low sensitivities in stool culture can be explained by the
fact that the decontamination procedure prior to culture
might lead to the destruction of the MTB bacilli and
result in a reduction of viable bacillary loads in culture. A
previous study also suggested an enhanced decontamina-
tion technique including increasing stool sample volume
to achieve a greater diagnostic yield of the stool culture
for PTB diagnosis.* Three out of nine included studies
were considered to have a high risk of bias in the patient
selection domain due to using a case—control design or
an unclear sampling method. Of note, all of the included
studies had relatively smaller sample sizes, meaning they
are not sufficiently powered to provide statistically signifi-
cant diagnostic accuracy estimates. Although, sample size
estimation in diagnostic test studies depends on a number
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Figure 2 Forest plots showing sensitivity and specificity of the stool specimen in different tests.

of prespecified parameters, a minimum of 300 subjects is
required to evaluate both the sensitivity and specificity of
the diagnostic test.!! Thus, future studies should consider
appropriate study design including a larger sample size to
provide robust evidence using stool samples.

Further research using standardised procedures is
needed to provide accuracy estimates of stool specimens
in adult PTB diagnosis through meta-analysis which will
be crucial evidence on the TB diagnostic landscape for
early detection and initiating treatment, particularly for
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Figure 3 Summary of risk of bias assessment and applicability using QUADAS-2. QUADAS-2, Quality Assessment of

Diagnostic Accuracy Studies-2.

those who are unable to provide sputum specimens.
More studies using Xpert MTB/RIF would be beneficial
as WHO'’s current guideline recommends using Xpert
MTB/RIF over smear microscopy or culture for individ-
uals with signs and symptoms of PTB."

Our systematic review has several limitations. First,
the heterogeneous nature of the included studies and
paucity of data prohibited us from performing a meta-
analysis and concluding on the diagnostic accuracy of
stool specimens for PTB diagnosis in adults. Second, we
only included articles published in the English language
which might result in missing relevant articles written in
other languages. Nonetheless, to the best of our knowl-
edge, this is the first systematic review looking into the
diagnostic accuracy of stool specimens in adults for PTB
diagnosis using several diagnostic tests, that is, culture,
microscopy and PCR assays, including Xpert MTB/RIF.
An important strength of this review was to use a compre-
hensive search strategy using several search databases
to identify all relevant studies. Screening, study selec-
tion, quality assessment and data extraction were inde-
pendently undertaken by two reviewers, with assessments
compared and disagreements resolved by discussion or
consultation with a third reviewer.

CONGCLUSION

This systematic review could not conclude on the diag-
nostic accuracy of stool specimens for PTB diagnosis
in adults. Further studies are required to evaluate the
accuracy of stool specimens in adults to enable meta-
analyses in updates of this review as well as other system-
atic reviews. Further diagnostic accuracy studies following
standardised protocols and procedures are warranted to
generate more evidence on the diagnostic accuracy of
stool specimens to diagnose PTB in adults and to perform
meta-analyses in future reviews.
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