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ABSTRACT

Background

The 2019 WHO screening and diagnostic algorithm for tuberculosis in people living with
HIV (PLHIV) has 2 components: the WHO Xpert MTB/RIF (Xpert) algorithm and WHO
Alere Determine TB-LAM (AlereLAM) algorithm. According to the WHO Xpert algorithm,
WHO recommends that PLHIV be routinely screened for tuberculosis with the WHO four-
symptom screen (W4SS; comprising any one of current cough, fever, night sweats, or weight
loss) and, if the screen is positive, receive Xpert or Xpert MTB/RIF Ultra (Xpert Ultra)
confirmatory testing. According to the WHO AlereLAM algorithm, WHO also recommends
that PLHIV be routinely screened for tuberculosis using screening criteria and, if the screen is
positive, receive urine lateral-flow lipoarabinomannan (LF-LAM) confirmatory testing with

AlereLAM.

We aimed:

1. To determine the diagnostic accuracy of the W4SS and alternative screening tools and
strategies in ambulatory PLHIV, including key subgroups, and to compare the
diagnostic accuracy of the WHO Xpert algorithm with Xpert confirmatory testing for
all ambulatory PLHIV

ii.  To determine the performance of the W4SS and alternative screening tools and
strategies in HIV-positive inpatients and to compare the diagnostic accuracy of the
WHO Xpert algorithm with Xpert confirmatory testing for all HIV-positive inpatients

iii.  To determine the performance of WHO screening criteria and alternative screening
tools and strategies to guide LF-LAM testing in HIV-positive inpatients and to
compare the performance of the WHO AlereLAM algorithm with AlereLAM and
Fujifilm SILVAMP TB-LAM (FujiLAM; a novel LF-LAM test) confirmatory testing
in all HIV-positive inpatients.

iv.  To develop and validate novel clinical prediction models (CPMs) for tuberculosis
screening in outpatient PLHIV and to determine the clinical utility of these CPMs and

WHO-recommended screening tools
Methods

We conducted a systematic review and individual participant data (IPD) meta-analysis. We
updated a search of PubMed (MEDLINE), Embase, Cochrane Library, and conference

abstracts for publications from Jan 1, 2011, to March 12, 2018, done in a previous systematic
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review to include the period up to August 2, 2019 (objectives i and iv) and March 1, 2020
(objectives ii and iii). We also screened reference lists of identified pieces and contacted

experts in the field.

We included prospective cross-sectional studies, observational studies, and randomized trials
that enrolled adult and adolescent (age >10 years) PLHIV irrespective of symptoms and signs
of tuberculosis. We also included studies that enrolled outpatient PLHIV with a positive
WA4SS (objective iv only). We extracted study-level data using a standardized data extraction
form, and we requested IPD from study authors. The reference standards were culture
(objectives i, ii, and iv) and culture or Xpert (objective iii). For screening tools and strategies,
we also used separate reference standards of Xpert (objective i and ii), AlereLAM (objective
ii1), and FujiLAM (objective ii1). We selected these confirmatory tests as reference standards

since these tests are the most likely confirmatory tests used in practice.

We obtained pooled proportion estimates with a random-effects model, assessed diagnostic
accuracy (i.e., sensitivity and specificity) by fitting random-effects bivariate models, and
assessed diagnostic yield (i.e., proportion of total tuberculosis cases with a positive
confirmatory test) descriptively. For CPMs, we first used logistic regression, allowing for
non-linear relations, to develop an extended CPM (using backwards selection of C-reactive
protein [CRP] and other predictors) and a CRP-only CPM (which only included CRP along
with spline transformations); we then used internal-external cross-validation to evaluate
discrimination, calibration, and clinical utility (i.e., decision curve analysis) of both CPMs
and other screening strategies. Decision curve analysis plots net benefit across a range of risk

thresholds. This systematic review has been registered with PROSPERO, CRD42020155895.
Results

i.  We obtained data for 22 of 25 studies (n= 15,666 participants; 4,347 on antiretroviral
therapy [ART]). W4SS sensitivity was 82% (95% CI 72, 89) and specificity was 42%
(29, 57). CRP (=10 mg/L) had similar sensitivity (77% [61, 88]), but higher
specificity (74% [61, 83]; n=3571). Cough (lasting >2 weeks), haemoglobin (<10
g/dL), body mass index (<18.5 kg/m?), and lymphadenopathy had high specificities
(80—90%) but low sensitivities (29-43%). The WHO Xpert algorithm had a sensitivity
of only 58% (50,66) and a specificity of 99% (98, 100); Xpert for all had a sensitivity
of 68% (57-76) and similar specificity. In the only study that compared both tests, the
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sensitivity of sputum Xpert Ultra was higher than sputum Xpert (73% [62, 81] vs 57%

[47, 67]) and specificities were similar.

Among outpatients on ART, W4SS sensitivity was 53% (35, 71) and specificity was
71% (51, 85). In this population, a parallel strategy (two or more screening tests
offered at the same time) of W4SS with any chest X-ray abnormality had higher
sensitivity (89% [70, 97]) and lower specificity (33% [17, 54]; n=2,670) than W4SS
alone; at a 5% tuberculosis prevalence, this strategy would require 379 more Xpert
tests per 1,000 PLHIV than W4SS but detect 18 more cases. Among outpatients not
on ART, W4SS sensitivity was 85% (76, 91) and specificity was 37% (25, 51). CRP
(>10 mg/L) had a similar sensitivity (83% [79, 86]), but higher specificity (67% [60,
73]; n=3,187) and a sequential strategy (second screening test offered only if first
screening test is positive) of W4SS then CRP (=5 mg/L) also had similar sensitivity
(84% [75, 90]) but higher specificity (64% [57, 71]; n=3187); at 10% tuberculosis
prevalence, these CRP-based strategies would require 272 and 244 fewer Xpert tests
per 1,000 PLHIV than W4SS but miss two and one more cases, respectively.

We obtained data for all six eligible studies (n=3,660 participants). The pooled
proportion of inpatients eligible for Xpert was 90% (89, 91; n=3,658). Among
screening tools to guide Xpert testing, W4SS and CRP (=5 mg/L) had highest
sensitivities (>96%) but low specificities (<12%); cough (>2 weeks), haemoglobin
(<8 g/dL), body mass index (<18.5 kg/m?), and lymphadenopathy had higher
specificities (61-90%) but low sensitivities (12—57%). The WHO Xpert algorithm had
sensitivity of 76% (67, 84) and specificity of 93% (88, 96; n=637). Xpert for all had
similar accuracy to the WHO Xpert algorithm: sensitivity was 78% (69, 85) and
specificity was 93% (87, 96; n=639).

We obtained data from all 5 identified studies (n=3,504). The pooled proportion of
inpatients eligible for AlereLAM testing using WHO criteria was 93% (91, 95).
Among screening tools to guide LF-LAM testing, WHO criteria, CRP (=5 mg/L), and
CD4 count (<200 cells/ uL) had high sensitivities but low specificities; cough (>2
weeks), hemoglobin (< 8 g/dL), body mass index (<18.5 kg/m?), lymphadenopathy,
and WHO-defined danger signs had higher specificities but suboptimal sensitivities.
AlereLAM for all had the same sensitivity (62% [47, 75]) and specificity (88% [64,
97]) as WHO AlereLAM algorithm. Sensitivities of FujiLAM and AlereLAM were
69% and 48%, while specificities were 88% and 96%, respectively. In 2 studies that
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collected sputum and non-sputum samples for Xpert and/or culture, diagnostic yield
of sputum Xpert was 40-41%, AlereLAM was 39-76%, and urine Xpert was 35—
62%. In one study, FujiLAM diagnosed 80% of tuberculosis cases (vs 39% for
AlereLAM), and sputum Xpert combined with AlereLAM, urine Xpert, or FujiLAM
diagnosed 61%, 81%, and 92% of all cases, respectively.

iv.  We obtained data from all 6 identified studies (8 cohorts [n=4,315 participants]). The
extended CPM had a C-statistic of 0.81; the CRP-only CPM had similar
discrimination (C-statistic 0.79). The C-statistics for CRP (=5 mg/L; 0.70) and W4SS
(0.57) were lower. For clinical utility, both CPMs had equivalent or higher net benefit
compared with WHO-recommended tools. Compared with both CPMs, CRP (=5
mg/L) had equivalent net benefit across a clinically useful range of threshold
probabilities, while W4SS had lower net benefit. The W4SS would capture 91% of
cases and require confirmatory testing for 78% of participants. CRP (=5 mg/L), the
extended CPM (4.2% threshold), and the CRP-only CPM (3.6% threshold) would
capture similar percentage of cases but reduce confirmatory tests required by 24%,

27%, and 36%, respectively.
Conclusion

These findings informed the updated 2021 WHO guidelines on tuberculosis screening in
PLHIV. Among outpatient PLHIV, the WHO-recommended W4SS has suboptimal
diagnostic accuracy and clinical utility. CRP reduces the need for further Xpert confirmatory
testing compared with W4SS without compromising sensitivity and has been included in the
updated WHO tuberculosis screening guidelines. CRP also shows utility when used in a
CPM. However, CRP data were scarce for outpatients on ART, necessitating future research
on the accuracy of CRP in this subgroup. Chest X-ray can be useful in outpatients on ART
when combined with W4SS. The WHO Xpert algorithm has suboptimal sensitivity; Xpert for

all offers slight sensitivity gains and may be considered if resources permit.

Among HIV-positive inpatients, WHO screening criteria and other potential screening tools
to guide Xpert and AlereLAM testing have suboptimal performance. Based on these findings,
WHO now strongly recommends Xpert testing in all medical HIV-positive inpatients in
settings where tuberculosis prevalence is higher than 10%. The findings in this thesis also

support that AlereLAM testing be implemented in all HIV-positive medical inpatients.
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Routine FujiLAM testing in all HIV-positive medical inpatients may substantially improve

tuberculosis diagnosis, but prospective evaluation of this novel assay is required.
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STRUCTURE OF THESIS

This thesis synthesises evidence using systematic review, individual participant meta-analysis
(IPDMA), and clinical prediction model (CPM) methodology to inform global policy

recommendations for tuberculosis screening in people living with HIV (PLHIV).

In Chapter 1, I provide a background for the aims and objectives of this thesis. First, I review
the epidemiology of tuberculosis and HIV-associated tuberculosis. Second, I describe the
clinical features of HIV-associated tuberculosis. Third, I review diagnosis of tuberculosis in
PLHIV, focusing on confirmatory tests and screening tools for HIV-associated tuberculosis.
This subsection of the chapter not only summarizes the current literature on screening for and
diagnosis of tuberculosis in PLHIV, but also highlights limitations and gaps in evidence.
Fourth, I discuss the value of IPDMA with emphasis on its use in diagnostic test accuracy
and CPM research. Finally, I summarize the main aim of this thesis along with the

accompanying four objectives:

1. To determine the diagnostic accuracy of the WHO four-symptom screen (W4SS) and
alternative screening tools in ambulatory PLHIV, including key subgroups

2. To determine the performance of the W4SS and alternative screening tools and
strategies in HIV-positive inpatients

3. To determine the performance of WHO screening criteria and alternative screening tools
to guide lateral-flow lipoarabinomannan (LF-LAM) testing in HIV-positive inpatients

4. To develop and validate novel CPMs for pulmonary tuberculosis screening in outpatient
PLHIV and to determine the clinical utility of these CPMs and WHO-recommended

screening tools.

In Chapters 2 to 5, I present the research papers for each of the four objectives. To address
these objectives, I collected individual-level data from multiple studies and conducted

analyses using an [IPDMA framework.

In Chapter 2, I addressed screening strategies for outpatient PLHIV. I show that C-reactive
protein (CRP) alone or combined with W4SS reduces the need for further confirmatory
testing with Xpert MTB/RIF (Xpert) in outpatients not on antiretroviral therapy (ART)
compared with W4SS alone, without compromising sensitivity. Although CRP data in
outpatients on ART were scarce, I show that chest X-ray could be combined with the W4SS,
depending on available resources, because this strategy detects more cases than does the

WA4SS alone. I also demonstrate that the WHO Xpert algorithm (W4SS followed by Xpert if
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the W4SS is positive) has suboptimal sensitivity in outpatients, and Xpert confirmatory
testing for all outpatients (i.e., no use of a screening tool) offers small improvements in
sensitivity. These findings informed the updated 2021 WHO guidelines on tuberculosis
screening in PLHIV and led to 4 new and updated WHO recommendations. These findings
were also presented at the WHO HIV-TB Implementation for Impact meeting, South Africa
Tuberculosis Screening Guidelines Task Team Meeting, and 52nd Union World Conference
on Lung Health. This work has been published in The Lancet Infectious Diseases, and the
paper was selected for the 2021 UCT best publication award in the public health category.

Having synthesised evidence on tuberculosis screening in outpatient PLHIV, I then addressed
screening strategies for HIV-positive inpatients in Chapters 3 and 4. Since it was anticipated
that screening performance would be different in inpatients due to differences in case-mix

and prior probability of symptoms, a separate analysis was performed for this subgroup.

In Chapter 3, I show that the W4SS and other potential screening tools or strategies to guide
Xpert confirmatory testing have suboptimal diagnostic accuracy in HIV-positive inpatients.
Thus, Xpert confirmatory testing should be performed in all HIV-positive inpatients. These
findings also highlight the need for more accurate screening tools to guide confirmatory
testing in HIV-positive inpatients. This work informed the updated 2021 WHO guidelines on
tuberculosis screening in HIV-positive inpatients and led to a new WHO recommendation.
These findings were also presented at the WHO HIV-TB Implementation for Impact meeting
and 9" Annual UCT Research Day, resulting in the 2021 UCT prize for research from a full-
time clinician. This work has been published in The Lancet HIV.

In Chapter 4, I show that WHO screening criteria and other potential screening tools or
strategies to guide Alere Determine TB-LAM (AlereLAM) confirmatory testing in HIV-
positive inpatients have suboptimal diagnostic accuracy. The WHO screening criteria to
guide AlereLAM testing may complicate the WHO tuberculosis screening and diagnostic
algorithm, potentially serving as a barrier to the widespread use of AlereLAM. These
findings support that AlereLAM confirmatory testing be implemented in all HIV-positive
inpatients alongside routine Xpert confirmatory testing. However, I also show that a negative
Xpert and AlereLAM confirmatory test still does not rule out tuberculosis in this population.
Finally, I demonstrate that routine Fujifilm SILVAMP TB-LAM (FujiLAM), a novel

confirmatory Lateral-flow lipoarabinomannan (LF-LAM) test, may substantially improve the
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diagnosis of tuberculosis in this population. These findings were presented at the 9" Annual

UCT Research Day. This work has been published in the Journal of Infection.

Next, I revisit screening strategies for outpatient PLHIV, focusing on the use of CPMs as a

screening tool and summarizing the clinical utility of screening strategies.

In Chapter 5, I develop and validate novel CPMs (that incorporate CRP) for pulmonary
tuberculosis screening in outpatient PLHIV and determine the optimal screening approach by
comparing the performance and clinical utility of these novel CPMs with WHO-
recommended screening tools, i.e., W4SS and CRP (>5 mg/L) (at the time of the study WHO
had recommended CRP based on the findings of Chapter 3). My findings demonstrate that
CRP (=5 mg/L) shows clinical utility for tuberculosis screening among outpatient PLHIV. I
also show that the CRP-based CPMs add value if resources permit more confirmatory tests
per diagnosed case or if resources only allow fewer confirmatory tests per diagnosed case.
Thus, CRP-based screening strategies set the standard for tuberculosis screening among
outpatient PLHIV. Furthermore, I show that a ‘confirmatory testing for all’ strategy might be
considered if a setting is able to offer many confirmatory tests per diagnosed case. Finally, I
show that the W4SS has suboptimal performance and utility compared with other screening

tools and strategies. This work has been submitted for publication and is under peer review.

Finally, I summarize the findings of the four research papers in Chapter 6. I discuss
limitations, implications for global tuberculosis programmes, and identify areas for future

research.
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CHAPTER 1: INTRODUCTION

1.1 Tuberculosis epidemiology

1.1.1 Global burden of tuberculosis

Tuberculosis is a major global health issue. Before the coronavirus pandemic, tuberculosis
was the leading infectious cause of death and the 13" leading cause of death worldwide
(Figure 1-1).! In 2020, there were an estimated 10 million tuberculosis cases and 1.5 million
tuberculosis deaths worldwide.! Although the global case fatality ratio (i.e., the estimated
percentage of people with tuberculosis who die from the disease) has been declining, the

global case fatality ratio is still 15%."!

Figure 1-1: Leading causes of death in 2019!

The burden of tuberculosis varies substantially worldwide. Tuberculosis disproportionately
affects regions with lower socioeconomic status. Of all tuberculosis cases, an estimated 43%
occurred in the WHO South-East Asia Region, 25% in the WHO African Region, and 18% in
the WHO Western Pacific Region (Figure 1-2).!



Figure 1-2: Tuberculosis incidence by region in 2020!

WHO have identified 20 high burden countries for tuberculosis and a further 10 countries
with high estimated incidence rate per 100,000 population (Figure 1-3).! In 2020, these 30
countries accounted for an estimated 86% of all tuberculosis cases worldwide.! Eight
countries account for almost 70% of global cases.! Lesotho and South Africa are countries

with the highest tuberculosis cases per 100,000 population per year.!

Figure 1-3: Areas of overlap of WHO global lists of high-burden countries for TB,
TB/HIV, and MDR/RR-TB for the period 2021 to 2025'

TB = tuberculosis, TB/HIV = HIV-associated tuberculosis, and MDR/RR-TB = multidrug-

resistant tuberculosis/rifampicin-resistant tuberculosis



In terms of mortality, the tuberculosis case fatality ratio also varies substantially worldwide
(Figure 1-4). An estimated 85% of all tuberculosis deaths occurred in the WHO African and
WHO South-East Asia regions.! Some regions with lower socioeconomic status have a case

fatality that is >20% .

Figure 1-4: Tuberculosis case fatality ratio by region in 2020'

1.1.2 Global response to tuberculosis

The WHO declared tuberculosis a global emergency in 1993. In 1995, WHO responded by
recommending that the Directly Observed Treatment Short-Course (DOTS) strategy be
implemented worldwide to control the epidemic.? In 2000, the Millennium Development
Goals were established and included several tuberculosis targets for the year 2015.> The
targets were to reduce the incidence of tuberculosis each year by an average of 1.5% and to
reduce tuberculosis mortality and prevalence by 50% compared with baseline. In 2005, WHO
updated the DOTS strategy with the Stop TB Strategy, which was aligned with the
Millennium Development Goals and implemented for the period of 2006 to 2015.% In 2015,
the Millennium Development Goals target to reduce the incidence of tuberculosis was met.
The other targets to reduce tuberculosis mortality and prevalence were nearly met; mortality

was reduced by 47% while prevalence was reduced by 42%.

In 2016, the Sustainable Development Goals were established and included new targets with
the aim to end the global tuberculosis epidemic by 2030.° At the same time, WHO updated
the Stop TB Strategy with the WHO End TB Strategy for the period 2016 to 2035.5 The
WHO End TB Strategy also aims to end the global tuberculosis epidemic. The WHO End TB



Strategy is aligned with the Sustainable Development Goals. It includes several targets for
2035 such as reducing the number of tuberculosis deaths by 95% and the tuberculosis
incidence rate by 90% compared with 2015 (Table 1-1). In 2018, the United Nations held its
first ever high-level meeting on tuberculosis.” The resulting political declaration by member
states not only reaffirmed targets set out on the Sustainable Development Goals and WHO
End TB Strategy but also included additional diagnosis, treatment, and funding targets (Table
I-1).

Table 1-1: Targets and milestones as part of the WHO End TB Strategy and the 2018

United Nations political declaration’>’

WHO End Vision A world free of tuberculosis - zero
TB Strategy deaths, disease and suffering due to
tuberculosis
Goal End the global tuberculosis
pandemic
Milestones Targets
Indicators 2020 2025 2030 2035
Percentage reduction in the absolute
number of tuberculosis deaths (compared 35% 75% 90% 95%
with 2015)
Percentage reduction in the tuberculosis
incidence rate (compared with 2015) 20% 0% 80% 0%
Percentage of tuberculosis-affected
households facing catastrophic costs due 0% 0% 0% 0%
to tuberculosis (2015 level unknown)

UN high-level | Targets
meeting on
TB, 2018

40 million people treated for tuberculosis from 2018 to 2022, including:
-3.5 million children
-1.5 million people with drug-resistant tuberculosis, including 115 000 children

30 million people provided with tuberculosis preventive treatment from 2018 to 2022,
including:

-6 million people living with HIV

-4 million children aged under 5 years and 20 million people in other age groups, who
are household contacts of people affected by tuberculosis

Funding of at least US$ 13 billion per year for universal access to tuberculosis
prevention, diagnosis, treatment, and care by 2022

Funding of at least US$ 2 billion per year for tuberculosis research from 2018 to 2022

The WHO End TB Strategy 2020 interim milestones were to reduce number of tuberculosis
deaths by 35% and tuberculosis incidence rate by 20% compared with 2015.! However, these
milestones were not achieved as mortality was only reduced by 9% while prevalence was

reduced by only 11%.% Furthermore, although the interim milestone was to have 0% of
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tuberculosis-affected households facing catastrophic costs due to tuberculosis, almost half of

tuberculosis-affected households still face catastrophic costs due to the disease.®

1.1.3 Global burden of HIV-associated tuberculosis

Addressing the burden of tuberculosis in key subgroups, such as PLHIV, is a crucial
component of the global response to tuberculosis. HIV is considered the strongest risk factor
for tuberculosis. Compared with the general population, PLHIV have a 20 to 37 times
increased risk of tuberculosis.” PLHIV have an increased risk of both tuberculosis infection
and tuberculosis disease with the latter developing from either progression of infection to
active disease or reactivation of latent tuberculosis infection.!® As CD4 cell counts drop and

immunosuppression advances, the risk of tuberculosis increases. !

In 2020, there were almost 1 million tuberculosis cases and 214,000 tuberculosis deaths
among PLHIV.! Although HIV-associated tuberculosis accounts for only 8% of all
tuberculosis cases worldwide, approximately 15% of all tuberculosis deaths worldwide occur
in PLHIV.! Indeed, tuberculosis is the leading cause of death in PLHIV.'? The number of
deaths due to tuberculosis in PLHIV is likely underestimated, since tuberculosis often goes
undiagnosed in this subpopulation. For example, in facility-based post-mortem studies among
PLHIV, tuberculosis was estimated to be the cause of death in 37% of all deaths, but in

almost half of all these deaths tuberculosis went undiagnosed at time of death.!?

Like the global burden of tuberculosis, the global burden of HIV-associated tuberculosis also
varies substantially worldwide. The HIV-associated tuberculosis epidemic disproportionately
affects the WHO African region, which accounted for an estimated 74% of all cases of HIV-
associated tuberculosis in 2020 and which has 23 countries on WHO’s global list of 30
countries with a high burden of HIV-associated tuberculosis.!!* Within the WHO African
region, the burden is especially high in Southern Africa where HIV-associated tuberculosis
accounts for more than 50% of all new tuberculosis cases (Figure 1-5).! In fact, Lesotho and
South Africa are the two countries with the highest number of HIV-associated tuberculosis
cases per 100,000 population per year.! Of all HIV-associated tuberculosis deaths, around
80% also occurred in the WHO Africa region.! The WHO African region has a HIV-
associated tuberculosis mortality rate per 100,000 population that is 6 times the global HIV-

associated tuberculosis mortality rate per 100,000 population.'



Figure 1-5: HIV prevalence in all new and relapse tuberculosis cases by region in 2020!

1.2 Clinical features of tuberculosis and HIV-associated tuberculosis

Tuberculosis can affect almost any anatomical site.'* Pulmonary disease usually presents with
cough (which may be chronic) or with haemoptysis,'> while extrapulmonary tuberculosis has
clinical manifestations that depend on anatomical site of disease. The most commonly
involved anatomical sites other than the lungs are the lymph nodes, pleura, genitourinary
system, musculoskeletal system, central nervous system, gastrointestinal system, and
pericardium.'* All patients may also present with non-specific systemic features such as

fever, night sweats, and weight loss.!

HIV-associated tuberculosis presents variably, depending on the degree of
immunosuppression.'® At higher CD4 cell counts, clinical presentation is like that in HIV-
negative individuals. At lower CD4 cell counts, and in HIV-positive inpatients, presentation
is often non-specific or atypical, sputum is difficult to produce for diagnostic testing, disease
progression is rapid, and extrapulmonary and disseminated disease is common.!”?° Extra-
pulmonary tuberculosis may occur from initial infection at extrapulmonary sites or from
tuberculosis that has spread from the lungs where advancing immunosuppression has resulted
in uncontrolled disease.!' On the other hand, disseminated tuberculosis results from continual
lymphatic or hematogenous spread and is defined as involvement of two or more non-
contiguous sites.?! In a meta-analysis of facility-based autopsy studies among PLHIV, an
estimated 88% of deaths due to HIV-associated tuberculosis were disseminated;'? the lung,
spleen, liver, and lymph nodes were the most common organs involved. Finally, HIV-

associated tuberculosis may also present with no symptoms (i.e., subclinical tuberculosis). In



a meta-analysis of PLHIV who were recruited irrespective of tuberculosis symptoms and
signs, 11% of PLHIV not on ART and 49% or those on ART had bacteriologically confirmed

tuberculosis but were asymptomatic.?

1.3 Diagnosis and screening of HIV-associated tuberculosis

In 2020, the gap between the total number tuberculosis cases and number of tuberculosis
cases reported was 4.1 million worldwide (Figure 1-6).! The gap is a result of both
underreporting of people diagnosed with tuberculosis and underdiagnosis of tuberculosis.
Although this gap was becoming smaller between 2017 and 2019, the gap widened from
2019 to 2020 because the COVID-19 pandemic resulted in a reduction in the estimated total
number of tuberculosis cases reported by 18%.! In a meta-analysis of facility-based autopsy
studies among PLHIV, tuberculosis was estimated to be the cause of death in 37% of all
deaths, but 46% of these tuberculosis cases went undiagnosed at time of death.!? Therefore,
undiagnosed tuberculosis potentially accounts for approximately 20% of all facility-based

deaths in PLHIV.

Figure 1-6: Global number of tuberculosis cases reported (black) and estimated number
of total tuberculosis cases (green) from 2000 to 2020 (shaded area represents

uncertainty interval)!

HIV-associated tuberculosis is challenging to diagnose. PLHIV with severe immune
suppression typically have disseminated or extrapulmonary tuberculosis, a non-specific
clinical presentation, and produce paucibacillary specimens that reduce the accuracy of
diagnostic tests.?*** Furthermore, a large proportion have difficulty producing sputum for

diagnostic testing, especially in certain subgroups such as inpatients. 3192425



Strategies as part of the global response to tuberculosis, from the DOTS strategy to the STOP
TB Strategy and now the WHO End TB Strategy, have placed a strong emphasis on early and
accurate diagnosis of HIV-associated tuberculosis.?® The current WHO End TB Strategy
includes 10 components housed within 3 strategic pillars: 1) integrated, patient-centred
tuberculosis care and prevention; 2) bold policies and supportive systems; and 3) intensified

research and innovation (Table 1-2).2°

The first pillar has 4 components. The first component
is early diagnosis of tuberculosis, including systematic screening of high-risk groups such as
PLHIV. The third component is collaborative tuberculosis/HIV activities and management of
co-morbidities. For this component, WHO has developed a 12-point package on collaborative
TB/HIV activities.?” One goal of the package is to reduce the burden of tuberculosis in
PLHIV using the “Three I’s” strategy, which involves intensified tuberculosis case-finding
(ICF; which includes systematic screening) and high-quality treatment; isoniazid preventative
therapy (IPT) and early ART; and tuberculosis infection, prevention, and control. Effective
tuberculosis screening and diagnosis are crucial to ensure effective implementation of each of
the “Three I’s”. The third pillar, which includes 2 components, emphasizes intensified

research and innovation, including new tools and strategies to improve screening for and

diagnosis of tuberculosis.



Table 1-2: Pillars and components of the WHO End TB Strategy®

Pillar 1 - Integrated, patient-centred care and prevention

1. Early diagnosis of tuberculosis including universal drug-susceptibility testing, and
systematic screening of contacts and high-risk groups

2. Treatment of all people with tuberculosis including drug-resistant tuberculosis, and patient
support

3. Collaborative tuberculosis and HIV activities, and management of comorbidities

4. Preventive treatment of persons at high risk, and vaccination against tuberculosis

Pillar 2 - Bold policies and supportive systems

1. Political commitment with adequate resources for tuberculosis care and prevention

2. Engagement of communities, civil society organizations, and public and private care
providers

3. Universal health coverage policy, and regulatory frameworks for case notification, vital
registration, quality and rational use of medicines, and infection control

4. Social protection, poverty alleviation and actions on other determinants of tuberculosis

Pillar 3 - Intensified research and innovation

1. Discovery, development and rapid uptake of new tools, interventions and strategies

2. Research to optimize implementation and impact, and promote innovations

In general, there are two approaches to diagnosis of tuberculosis: active case-finding (ACF)
and passive case-finding (PCF). PCF involves a person with symptoms suggestive of
tuberculosis seeking care and a health worker who is able to correctly identify that the
symptoms may be a result of tuberculosis and that the person requires diagnostic

evealutation.?®?’ PCF is mainly patient-initiated.?®

ACEF is an alternative approach. ACF is often used synonymously with systematic screening
and is mainly provider initiated. Systematic screening for tuberculosis is defined as “the
systematic identification of people at risk for tuberculosis disease, in a predetermined target
group, by assessing symptoms and using tests, examinations, or other procedures that can be
applied rapidly”.?® The aims of screening programmes for both individuals and health
systems are to reduce mortality, incidence, and severity, as well as to increase choice by
identifying disease earlier when more treatment options are available.>* Screening also has
greater economic benefits. For example, screening may reduce costs by preventing
disability.*® Conversely, screening can lead to harms. False positive results can lead to
anxiety and individual complications from further investigations.* Screening may also be
resource intensive, particularly when there are many false positive results.*® False negative
results may also affect the health system by resulting in legal claims. Furthermore, screening

can also result in overdiagnosis and overtreatment.>°
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ACF involves identifying those who need confirmatory tuberculosis testing (i.e., those who
screen positive) from those who do not (i.e., those who screen negative). Thus, ACF for
tuberculosis involves two steps: screening followed confirmatory testing (and other
diagnostic evaluation) for those with a positive screen.”® A single screening tool may be used
or screening tools may be combined as a parallel strategy (e.g., two or more screening tests
offered at the same time) to improve sensitivity or as a sequential strategy (e.g., second
screening test offered only if first screening test is positive) to improve specificity (Table 1-

7).31

Figure 1-7: Screening algorithms that combine screening tools in a parallel or sequential

strategy”!

ACF can be performed for the whole population or for high-risk groups, such as PLHIV, and
can be performed in individuals who seek care (with or without tuberculosis symptoms and

signs) or in individuals who do not seek care (e.g., community-based screening).?®

The goal
of ACF is to identify more PLHIV with tuberculosis at an earlier stage to reduce morbidity,
mortality, and community transmission and to identify PLHIV without tuberculosis who

would benefit from IPT/tuberculosis preventative therapy (TPT).?7-3

The 2011 WHO guidelines for ICF and IPT/TPT in PLHIV recommends that PLHIV be
systematically screened for active tuberculosis at each visit to a health facility.?” The 2013
WHO guidelines on systematic screening for active tuberculosis in PLHIV reaffirm this
recommendation.?® The WHO screening and diagnostic algorithm for tuberculosis in PLHIV

has 2 components: the WHO Xpert algorithm and the WHO AlereLAM algorithm (Table 1-
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3). According to the WHO Xpert algorithm, WHO recommends screening PLHIV at each
encounter for the presence of a positive WHO four symptom screen (W4SS) (comprising any
one of current cough, fever, night sweats, or weight loss). In those with a positive screen,
Xpert MTB/RIF (Xpert) or Xpert MTB/RIF Ultra (Xpert Ultra) confirmatory testing should
be performed. According to the WHO AlereLAM algorithm, WHO recommends also
screening for the presence of a positive W4SS, CD4 cell count <200 cells/pL (in inpatients)
or CD4 cell count <100 cells/uL (in outpatients), WHO stage 3 or 4, or positive WHO-
defined danger sign. In those with a positive screen, Alere Determine TB-LAM (AlereLAM)
confirmatory testing should be performed. In those with a negative screen using both

algorithms, IPT/TPT should be provided.

Table 1-3 Summary of initial steps in 2019 WHO tuberculosis screening and diagnostic

algorithm for PLHIV>?

WHO Xpert algorithm
Assess for tuberculosis signs and symptoms*

— if positive, perform confirmatory testing with Xpert Ultra

WHO AlereLLAM algorithm
Assess for tuberculosis signs and symptoms*, CD4 cell count < 200 cells/pL
(inpatients) or CD4 cell count < 100 cells/pL (outpatients), WHO stage 3 or 4, or a
WHO-defined danger sign (i.e., meets seriously ill criteria) '

— if any positive, perform urine AlereLAM

*Using the WHO four symptom screen, defined as any one of current cough, fever,
night sweats, or weight loss.

TWHO-defined danger signs are respiratory rate >30 breaths/min, body
temperature >39°C, heart rate >120 beats/min, or unable to walk unaided

The following sections summarize confirmatory tests and screening tools that may be used

for active tuberculosis in PLHIV.

1.4 Confirmatory tests for active tuberculosis

Diagnostic tools for tuberculosis include confirmatory tests and non-confirmatory tests.
Confirmatory tests usually involve the use of microbiological tests to identify Mycobacterium
tuberculosis in a specimen (e.g., Xpert or culture). Non-confirmatory tests are typically
advised for use later in WHO screening and diagnostic algorithms when initial confirmatory
tests are negative and include response to broad-spectrum antibiotics, clinical assessment, and

radiological tests (e.g., chest X-ray and abdominal ultrasound).** The following section
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focuses on confirmatory tests for tuberculosis, which are advised earlier in WHO screening

and diagnostic algorithms.

1.4.1 Smear microscopy

Smear microscopy involves identifying acid-fast bacilli and has been used since the 19"
century to diagnose tuberculosis. It can be performed at more decentralized levels of care
since it is inexpensive, rapid, and requires minimal technical expertise. However, sensitivity
in PLHIV is suboptimal even with light-emitting diode fluorescence microscopy, which is
10% more sensitive than conventional microscopy.*>*® Specificity may also be affected by
the presence of non-tuberculous mycobacteria.*® Furthermore, microscopy is unable to
identify drug resistance. Although sensitivity is low, microscopy is still a commonly used

confirmatory test in resource-limited settings.

1.4.2 Culture

Mycobacterial culture is the gold-standard for confirmatory diagnosis of tuberculosis.® It
allows for mycobacterial speciation and drug susceptibility testing. Solid culture has been
increasingly replaced by liquid culture, which is faster and has higher sensitivity.’” However,
liquid culture can still take weeks for a result, is more prone to contamination, requires
specialist laboratory facilities and highly trained staff, and is expensive.>® Although, culture
plays a limited role in tuberculosis diagnosis, particularly in resource-limited settings, it is

commonly used for drug susceptibility testing.

1.4.3 Xpert MTB/RIF and Xpert MTB/RIF Ultra

In 2010, WHO recommended the Xpert assay, a molecular diagnostic test, to replace
microscopy as the first-line confirmatory test for pulmonary tuberculosis.>® A polymerase
chain reaction test, Xpert is a semi-automated cartridge-based system on the GeneXpert
platform that can detect tuberculosis in less than 2 hours along with the presence of
rifampicin-resistance.’® The polymerase chain reaction targets an 81-bp region of the rpoB

gene of the bacillus.*®

In a Cochrane systematic review, Xpert showed good accuracy for the diagnosis of
pulmonary tuberculosis in PLHIV with a sensitivity of 79% (95% CI 70, 86) and specificity
of 99% (98, 99).* For the diagnosis of extrapulmonary tuberculosis, specificity is high for
most anatomical sites, but sensitivity is generally lower than for pulmonary tuberculosis and

varies by anatomical site.** In 2013, WHO also recommended Xpert for use on
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extrapulmonary samples.?? Xpert had also been shown to improve health outcomes in
PLHIV. In an individual participant data meta-analysis (IPDMA) of randomized-controlled
trials, Xpert reduced mortality compared with microscopy among PLHIV (HR 0.76 [0.60,
0.97]).4!

In 2017, WHO recommended Xpert Ultra, which has an updated cartridge, as a confirmatory
test.*? Compared with Xpert, Xpert Ultra cartridges have a larger chamber for DNA
amplification and, in addition to the rpoB target, two multicopy amplification targets (/S6110
and 1S1081).%° Xpert Ultra can therefore diagnose tuberculosis from specimens with fewer
bacilli and has higher sensitivity compared with Xpert. In a Cochrane systematic review, for
the diagnosis of pulmonary tuberculosis in PLHIV, the sensitivity was 88% (75, 94) for
sputum Xpert Ultra and 75% (59, 86) for sputum Xpert.** However, specificity of sputum
Xpert Ultra was 93% (82, 97), which was lower than the specificity of sputum Xpert (100%
[99, 100]). The lower specificity may be a result of a higher number of false positive tests due
to the detection of non-viable bacilli. The lower specificity is a challenge in settings with a
high HIV burden and where a history of tuberculosis is common.* For the diagnosis of
extrapulmonary tuberculosis, the sensitivity of Xpert Ultra — like the sensitivity of Xpert — is

generally lower than for pulmonary tuberculosis and varies by anatomical site.*’

Urine Xpert may be useful for the diagnosis of tuberculosis, especially in those unable to
produce sputum. In outpatient PLHIV who were recruited irrespective of tuberculosis
symptoms and signs, the sensitivity of urine Xpert for the diagnosis of pulmonary
tuberculosis was only 19% (11, 29) but increased to 44% (22, 69) in those with a CD4 cell
count < 50 cells/uL.* In HIV-positive inpatients with clinically suspected tuberculosis,
sensitivity of urine Xpert for the diagnosis of pulmonary and extrapulmonary tuberculosis
was 48% (39, 57), which was the same as that of AlereLAM.*’ In HIV-positive inpatients
who were recruited irrespective of tuberculosis symptoms and signs, yield of urine Xpert
(i.e., proportion of total tuberculosis cases with a positive test) was 59%, but only 27% and
38% for sputum Xpert and AlereLAM, respectively.”® However, in another study of HIV-
positive inpatients who were recruited irrespective of tuberculosis symptoms and signs, yield
of urine Xpert was only 35%, while yield of sputum Xpert (40%) and AlereLAM (75%) were
higher.'® Urine Xpert Ultra may show improved sensitivity over urine Xpert, but data is
limited. In a recent study of inpatient and outpatient PLHIV undergoing evaluation for
pulmonary tuberculosis, sensitivity of urine Xpert Ultra was double that of AlereLAM (33%
vs 16%).
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Xpert has limitations. Xpert positivity depends on mycobacterial load,* meaning that its
sensitivity may be lower in screening settings where PLHIV may be relatively well. Although
Xpert increases the proportion of treated participants with bacteriologically confirmed
tuberculosis, a large proportion are still treated without bacterial confirmation.>® Xpert can
provide a result in <2 hours, but in the real world a result takes several days and sometimes
even longer than microscopy.®! Furthermore, Xpert is not a true point-of-care test since it has
significant infrastructure, maintenance, and technical needs,’”> meaning it is generally
implemented at district or subdistrict levels.*> Xpert is also relatively expensive for resource-
limited settings. The cost is subsidized at $10 per cartridge in the public sector and much
higher in the private sector, a place where up to 60% of all tuberculosis patients initiate

care.”?

Scale-up and implementation of Xpert has been slow in resource-limited settings. Its
availability and accessibility are particularly low at the primary health care level because of
infrastructure and technical needs. In a 2016 survey of countries with a high HIV-associated
tuberculosis burden, investigators found that Xpert was broadly available at tertiary level, but
it was only available in 35% and 50% of those countries at the primary health care and
district levels, respectively.>* Furthermore, an observational cohort of tuberculosis patients
from 18 countries evaluated implementation of Xpert at hospital and primary care facilities
from 2012-2016.% Although 63% of facilities had access to Xpert, only 4% of all PLHIV
diagnosed with tuberculosis were tested using Xpert. Despite its poor sensitivity, smear

microscopy is often still used as a confirmatory test for tuberculosis.

1.4.4 Other molecular-based tests

There are limited data on the use of other molecular-based tests in PLHIV, especially when

used in a screening setting.

Truenat assays (Truenat MTB, Truenat MTB Plus, and Truenat MTB-RIF Dx) are molecular-
based assays that are chip-based and use a real-time micro-polymerase chain reaction to
detect tuberculosis, as well as rifampicin resistance, in 1 hour.’® In a large multicentre study
of 1807 participants with signs and symptoms of pulmonary tuberculosis, Truenat MTB and
Truenat MTB Plus had sensitivities of 73% (67, 78) and 80% (75, 84) and specificities of
98% (97, 99) and 96% (95, 97), respectively.>” However, only 48 participants were PLHIV.
In 2020, WHO recommended Truenat assays for the diagnosis of pulmonary tuberculosis in

adults with symptoms and signs of tuberculosis.’® Although there was insufficient data in
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PLHIV, the recommendation was extended to include PLHIV because of indirect data on

diagnostic accuracy in smear negative individuals.”

Loop-mediated isothermal amplification (LAMP) is an isothermal DNA amplification
technique.®® TB-LAMP is a molecular-based test that uses LAMP. It is a manually performed
assay that can be read with the naked eye under ultraviolet light and provides a result in less
than an hour.>® In 2016, WHO recommended that TB-LAMP may be used as a replacement
for microscopy in adults with symptoms and signs consistent with tuberculosis.’® However,
this recommendation does not extend to PLHIV because of suboptimal sensitivity and
inability to detect rifampicin resitance.®! In a systematic review and meta-analysis of 4
studies (271 PLHIV with symptoms and signs of tuberculosis), the sensitivity of TB-LAMP
was similar to the sensitivity of microscopy (64% vs 62%) for the diagnosis of pulmonary

tuberculosis.®?

1.4.5 Urine lipoarabinomannan-based tests

Lipoarabinomannan (LAM) is a cell wall lipopolysaccharide found in mycobacteria. LAM is
released from mycobacteria and is subsequently filtered by the kidney and can therefore be
detected in urine.®® The first commercially available urine LAM test was the laboratory-based
urine Clearview TB-ELISA.* Subsequently, the AlereLAM assay, a urine point-of-care
lateral-flow LAM (LF-LAM) assay, was developed as a confirmatory test for LAM. The
AlereLAM assay is currently the only commercially available LF-LAM assay. It costs only
US $3.50, gives a result in only 25 minutes or less, poses minimal biohazard risk, and is easy
to perform since the test requires minimal technical expertise and urine is readily available
and easy to collect (Figure 1-8). In 2015, WHO recommended the use of AlereLAM in
symptomatic inpatient or outpatient PLHIV who have a CD4 cell count <100 cells/uL or who
are ‘seriously ill’ (i.e., respiratory rate > 30/minute, temperature >39°C, heart rate >
120/minute, or unable to walk unaided).®> In 2019, WHO broadened its recommendation for
inpatient PLHIV to those who are symptomatic, have a CD4 cell count <200 cells/uL, have

advanced HIV disease, or who are ‘seriously ill>.%
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Figure 1-8: AlereLAM test strip (A). Urine is applied to the test strip and the result is
read 25 minutes later. Reference card (B). The reference card is used to determine if a

test is positive and to “grade” the test result.%’

WHO has only recommended AlereLAM in subgroups, because AlereLAM has suboptimal
sensitivity in all PLHIV. Sensitivity of AlereLAM is highly dependent on setting and degree
of immunodeficiency (Table 1-4). In a 2019 Cochrane systematic review, the pooled
sensitivity of AlereLAM among outpatient PLHIV irrespective of tuberculosis symptoms and
signs was only 31% (18, 47) while specificity was 95% (87, 99);** in symptomatic outpatient
PLHIV, sensitivity was similar (29% [17, 47]). The sensitivity of AlereLAM was higher in
inpatient PLHIV irrespective of tuberculosis symptoms and signs (62% [41, 83]) and in
symptomatic HIV-positive inpatients (52% [40, 64]), but specificity was only 84% (48, 96)
and 87% (78, 93), respectively. Among symptomatic PLHIV, the sensitivity in those with
CDA4 cell count >100 cells/uL and CD4 cell count >200 cells/mm was only 17% (10, 27) and
16% (8, 31), respectively, but higher in those with CD4 cell count <100 cells/uL (54% [38,
69) and CD4 cell count <200 cells/uL (45% [31, 61]), respectively. Data on diagnostic
accuracy by CD4 cell count among PLHIV irrespective of tuberculosis symptoms and signs

was limited.
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Table 1-4: Pooled sensitivity and specificity of AlereLAM for the diagnosis of

tuberculosis in PLHIV overall, as well as by setting and CD4 cell count**

Setting Symptomatic PLHIV PLHIV irrespective of tuberculosis symptoms
and signs
Pooled sensitivity Pooled specificity Pooled sensitivity Pooled specificity
95% CI) 95% CI) 95% CI) 95% CI)

Overall accuracy

All participants | 42% (31%, 55%) 91% (85%, 95%) 35% (22%, 50%) 95% (89%, 98%)
By setting

Inpatients 52% (40%, 64%) 87% (78%, 93%) 62% (41%, 83%) 84% (48%, 96%)
Outpatients 29% (17%, 47%) 96% (91%, 99%) 31% (18%, 47%) 95% (87%, 99%)

By CD4 cell count

CD4 > 200 16% (8%, 31%) 94% (81%, 97%) Not applicable Not applicable
CD4 <200 45% (31%, 61%) 89% (77%, 94%) 26% (9%, 56%) 96% (87%, 98%)
CD4 > 100 17% (10%, 27%) 95% (89%, 98%) 20% (10%, 35%) 98% (95%, 99%)
CD4 <100 54% (38%, 69%) 88% (77%, 94%) 47% (40%, 64%) 90% (77%, 96%)
CD4 101-199 24% (14%, 38%) 90% (77%, 96%) Not applicable Not applicable

The higher sensitivity in inpatients and those with more advanced immunodeficiency is likely
because these groups have higher mycobacterial burden and higher rates of haematogenous
dissemination of tuberculosis with subsequent renal involvement.®® The low specificity of
AlereLAM in some studies is likely a result of an imperfect microbiological reference
standard, since most studies did not collect multiple samples for culture and/or Xpert from
both pulmonary and extra-pulmonary sites.®” Disseminated nontuberculous mycobacteria

may also reduce specificity but are uncommon.’%"!

Although AlereLAM has lower sensitivity compared with sputum Xpert,%’ diagnostic yield
(i.e., proportion of total tuberculosis cases with a positive confirmatory test) is higher in some
populations, such as inpatients, because urine is more readily available. For example, in 2
cohorts of HIV-positive inpatients who were enrolled regardless of tuberculosis symptoms
and signs, only 57% and 63% of inpatients were able to produce sputum for confirmatory
testing, respectively, while >99% were able to produce urine for AlereLAM testing.'®%° In 1

cohort, sputum Xpert diagnosed 27% of all tuberculosis cases (vs 38% for AlereLAM),?
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while in the other cohort sputum Xpert diagnosed 40% of all tuberculosis cases (vs 75% for
AlereLAM).'®

AlereLAM rapidly identifies those at high risk of mortality who may benefit from prompt
treatment. The risk of mortality in PLHIV with LAM positive tuberculosis was 2.3 times that
of PLHIV with LAM negative tuberculosis.”? Furthermore, two randomised trials have
demonstrated a reduction in all-cause mortality among HIV-positive medical inpatients with
the use of AlereLAM in addition to routine diagnostics (pooled RR 0.85 [0.76, 0.94]).!8-66.73
One trial assessed HIV-positive medical inpatients irrespective of tuberculosis symptoms and
signs,'® while the other assessed medical inpatients with a positive W4SS (who typically
comprise >90% of all HIV-positive medical inpatients).!®”* In a subgroup analysis, the trial
conducted in HIV-positive inpatients irrespective of tuberculosis signs and symptoms found
that AlereLAM reduced mortality in 3 pre-specified subgroups: those with a CD4 cell count

<100 cells/pL, severe anaemia, and clinically suspected tuberculosis.'®

Recently, a novel urine-based LF-LAM test has been developed — the Fujifilm SILVAMP TB
LAM (FujiLAM).” In an IPDMA of 5 studies, the pooled sensitivity was 71% (59, 81) for
FujiLAM but only 35% (20, 51) for AlereLAM.”> Compared with the sensitivity of
AlereLAM, the sensitivity of FujiLAM was 28 and 43 percentage points higher in outpatients
and inpatients, respectively. FujiLAM showed slightly lower specificity compared with
AlereLAM. Since FujiLAM detects lower concentrations of LAM,’® the higher false positive
results with FujiLAM may reflect the inability of the reference standard to correctly classify
active tuberculosis at a lower mycobacterial burden. Nontuberculous mycobacteria may also
reduce the specificity of FujiLAM but were found in only 4% of participants with a false-
positive FujiLAM test.” Although studies in the IPDMA used bio-banked urine samples,
these samples showed similar results compared with fresh samples.”* In two recent large
multicentre diagnostic accuracy studies, FujiLAM sensitivities were 55% (49, 60) and 60%
(51, 69).”7-7® However, accuracy varied significantly by lot number. This variability likely

needs to be addressed before FujiLAM can be commercially available.

1.5 Screening tools for active tuberculosis

The aim of a screening tool for tuberculosis in PLHIV is to distinguish those with a higher
risk of tuberculosis, who should undergo further confirmatory testing, from those with lower
risk of tuberculosis, who should be given IPT/TPT. In 2014, WHO developed target product

profiles (TPPs) to provide direction for novel tests for tuberculosis.”” The high priority areas

18



were to develop a rapid biomarker-based non-sputum test for tuberculosis diagnosis, a
sputum-based test for pulmonary tuberculosis diagnosis at the microscopy-centre level, drug-
susceptibility test at the microscopy-centre level, and a screening tool (described as a triage
test in the meeting report) to identify people suspected of having tuberculosis who should
undergo further confirmatory testing.” According to WHO, the minimal performance
requirement for such a screening tool is a sensitivity of >90% and specificity of >70% when
compared with the confirmatory test, while the optimal performance requirement is a
sensitivity of >95% and specificity of >80%.% Since the screening tool must aim to miss few
cases of tuberculosis (i.e., produce few false negative test results), its sensitivity is prioritized.
However, specificity is also important. A screening tool with low specificity will lead to
many false-positive results and subsequently many unnecessary follow-up confirmatory tests,
which are typically expensive. A screening tool should also meet WHO’s operational
characteristics; it should be non-sputum based, rapid, inexpensive, and require minimal
training and infrastructure needs.®! The following section focuses on screening tools for

tuberculosis in PLHIV.

1.5.1 WHO-recommended four symptom screen

Before 2010, there was no standardized screening tool for tuberculosis in PLHIV. As a result,
in 2010, WHO commissioned a systematic review and IPDMA to develop a standardized
tuberculosis screening rule for PLHIV in resource-limited settings.®* The results of the
IPDMA were based on 9 studies that systematically collected sputum specimens for >1
culture in PLHIV irrespective of symptoms and signs of tuberculosis. The reference standard
was culture of any specimen, although most studies collected only sputum specimens,
meaning the results were mostly applicable to pulmonary tuberculosis. The final analysis
included 8,148 PLHIV not on ART, although only 25% of participants were derived from
clinical settings while the remainder were derived from community (59%) and mining (17%)
settings. The diagnostic accuracy of 23 different combinations of 5 symptoms were assessed,
and the authors selected the most sensitive rule, which became known as the W4SS and
comprised four symptoms: current cough, fever, night sweats, and weight loss. If any of these
4 symptoms were present, the screening tool was considered positive, indicating the need for
further confirmatory testing. Overall, the sensitivity of the W4SS was 79% (58, 91) and
specificity was 50% (29, 70) (Table 1-5).3? The sensitivity was higher (90%) in clinical
settings and lower (67%) in community settings; corresponding specificities by setting were

not reported. At a tuberculosis prevalence of 1%, 5%, and 10%, the negative predictive

19



values were 99.6%, 97.7%, and 95.3%, respectively. The results of the IPDMA led WHO to
recommend that PLHIV be regularly screened for tuberculosis with the W4SS.?” If a PLHIV
screens positive using the W4SS, then he or she should undergo confirmatory testing (e.g.,

Xpert) as part of a diagnostic evaluation for tuberculosis. If a PLHIV screens negative, he or

she should be offered IPT/TPT.

Table 1-5: Diagnostic accuracy of W4SS by ART status from the initial®’> and updated®’

meta-analyses

ART status Number |Sample size Pooled Pooled
of studies sensitivity (95% | specificity (95%
CI) CI)
Initial meta-analysis
PLHIV not on ART 9 8,148 | 79% (58%, 91%)|50% (29%, 70%)
Updated meta-analysis*
PLHIV not on ART 16 8,064 | 89% (83%, 94%) |28% (19%, 40%)
PLHIV on ART 7 4,640 | 51% (28%, 73%) | 71% (48%, 86%)

*Does not include studies from the initial meta-analysis

In 2018, WHO commissioned a systematic review to update its latent tuberculosis infection
(LTBI) guidelines and reviewed the accuracy of the W4SS to rule out tuberculosis prior to
initiation of IPT/TPT. Unlike the initial meta-analysis, this study also examined the
diagnostic accuracy of the W4SS in PLHIV on ART.® The results of the IPDMA were based
on 8,664 PLHIV not on ART and 4,640 PLHIV on ART from 18 studies. The sensitivity of
the W4SS was lower in those on ART (51% [28, 73]) than in those not on ART (89% [83,
94]) (Table 1-5). The specificity was higher in those on ART (71% [48, 86]) than in those not
on ART (28% [19, 40]). At a tuberculosis prevalence of 1%, 5%, and 10%, the negative
predictive values among PLHIV on ART were 99.3%, 96.5%, and 92.8%, respectively.

The W4SS has several limitations. It has heterogenous diagnostic accuracy, even when

results are stratified by ART status, 5283

meaning that generalisability of the W4SS is unclear.
The subjective nature of the W4SS likely contributes to its heterogenous accuracy.
Furthermore, the W4SS has low sensitivity in PLHIV on ART.® The W4SS also has low
specificity in PLHIV not on ART and HIV-positive inpatients, meaning that the tool may
pose a challenge for resource-limited settings, since many PLHIV will screen positive and
require unnecessary confirmatory testing with Xpert, which is expensive.?*3283 The low
specificity also means that IPT/TPT may be delayed. The W4SS is more applicable to

pulmonary tuberculosis, since most studies in both meta-analyses did not collect
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extrapulmonary samples. 883 The W4SS is also more applicable to PLHIV who can produce

sputum, since most studies in both meta-analyses excluded those unable to produce sputum.
82,83

1.5.2 C-reactive protein

C-reactive protein (CRP) may also be useful for tuberculosis screening. CRP is an acute
phase reactant that is found in serum and a non-specific marker of inflammation. CRP
screening can be done by staff with minimal training, in a POC manner using capillary blood,

at a cost of only $2 per test, and with results available in <3 minutes (Figure 1-9).

Figure 1-9: The i-CHROMA POC CRP test. The device automatically calculates and

presents CRP results for concentrations ranging from 2.5mg/L to 300mg/L3*

A 2017 meta-analysis assessed the diagnostic accuracy of CRP for tuberculosis in PLHIV
either irrespective of symptoms and signs of tuberculosis or with symptoms suggestive of
tuberculosis.®> Among 936 outpatient PLHIV from 5 studies, the sensitivity of CRP was 93%
(85, 97) and specificity was 64% (42, 81). Two out of these 5 studies (n=697) were
conducted in PLHIV irrespective of symptoms and signs of tuberculosis; **%7 sensitivities
were 80% to 85% and specificities were 58% to 87%. Among 287 inpatient PLHIV from 3
studies, the sensitivities of CRP were high, ranging from 89% to 100%, but specificities were
low, ranging from 0% to 40%. These findings suggested that CRP may be a useful screening

tool in PLHIV, particularly in outpatient PLHIV.

Subsequently, in a large study that recruited 1,237 PLHIV initiating ART irrespective of
symptoms and signs of tuberculosis, the investigators evaluated the use of CRP for

tuberculosis screening, finding a sensitivity of 89% (83, 93) and specificity of 72% (69, 75) at
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a 10mg/L cutoff.®® Therefore, CRP approached the WHO TPP for a screening test of 90%
sensitivity and 70% specificity.”” The W4SS had slightly higher sensitivity (96%) but low
specificity (14%), which was almost 58 percentage points lower than that of CRP. At a
Smg/L cut-off, CRP had a sensitivity that was 93% and specificity that was 60%. The
investigators also assessed CRP as a screening tool in diagnostic algorithms,®® finding that
CRP, as opposed to W4SS, could reduce the number of patients needing confirmatory Xpert
testing by 50%. Furthermore, the resources saved by using CRP as a screening tool could be
used to provide confirmatory testing with Xpert, culture, and AlereLAM at a cost per
tuberculosis case diagnosed less than that of using W4SS as a screening tool followed by
only Xpert confirmatory testing. In another study of 425 PLHIV initiating ART irrespective
of symptoms and signs of tuberculosis, the sensitivity of CRP at a Smg/L cut-off and W4SS

was similar (91%) but specificity was significantly higher for CRP (59% vs 37%).”°

Table 1-6 Studies comparing the diagnostic accuracy of CRP (=10mg/L) with W4SS in

PLHIYV irrespective of tuberculosis symptoms and signs

CRP (10mg/L cutoff) W4SS
Study Participants [Sample Pooled Pooled Pooled Pooled
size sensitivity specificity sensitivity specificity
(95% CI) (95% CI) (95% CI) (95% CI)
Lawn, |Outpatient PLHIV | 496 85% (75%, 58% (53%, 81% (71%, 33% (29%,
20138386 not on ART 92%) 62%) 89%) 38%)
Yoon, |Outpatient PLHIV | 1237 93% (88%, 60% (57%, 96% (91%, 14% (12%,
2018% not on ART 96%) 63%) 98%) 17%)
Shapiro, |Outpatient PLHIV | 425 91% (77%, 59% (53%, 91% (77%, 37% (32%,
2018% not on ART 97%) 64%) 97%) 42%)
Gersh, |Outpatient PLHIV| 383 40% (5%, 79% (75%, 0% (0%, 52%) | 87% (83%,
2018 on ART 85%) 83%) 90%)

CRP also has some limitations. There is limited data on CRP for screening outpatient PLHIV
on ART. In 1 recent study (n=382) with only 5 culture positive tuberculosis cases, the
sensitivity of CRP (5mg/L cut-off) was 40% (vs 0% for W4SS) and specificity was 79% (vs
87% for W4SS).! Most studies that have evaluated CRP have excluded participants with no
sputum culture results or not collected extrapulmonary samples. Finally, the availability of

POC CRP-based tests is currently limited.
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1.5.3 Chest X-ray

Chest X-ray is a useful tool for both tuberculosis screening and diagnosis. In particular,
digital chest X-ray is becoming more available. It is less costly, can be done using a portable
system, has improved image quality, and is safer because a lower radiation dose is needed.’?
Two chest X-ray classification systems have been used for screening purposes.”® The first
system only distinguishes between any abnormal findings and normal findings. It is aimed to
be used by health workers with no specialist background (e.g., medical officers or
radiographers). The second system distinguishes between abnormal findings suggestive of
tuberculosis and abnormal findings not suggestive of tuberculosis or normal findings. It is
aimed to be used by health workers with a specialist background (e.g., pulmonologists or

radiologists).

In the 2011 IPDMA that was used to develop the W4SS,*? the authors also evaluated the
accuracy of combing abnormal chest X-ray findings to the W4SS. Data were available for
2,805 PLHIV not on ART from 4 studies. The addition of abnormal chest X-ray findings to
the W4SS increased sensitivity by 12% (91% versus 79%) compared with W4SS alone, but
reduced specificity by 11% (50% versus 39%) (Table 1-7).8* Although the authors did not
conduct a meta-analysis of the diagnostic accuracy of abnormal chest X-ray findings alone,
sensitivities ranged from only 26% to 71% in the 4 individual studies and specificities ranged
from 48% 99%.%%4%¢ Thus, the low sensitivity of abnormal chest X-ray findings means that
tuberculosis often presents with a normal chest X-ray in PLHIV. The low specificity suggests
that other diseases may mimic tuberculosis on a radiograph, as does scarring due to previous

tuberculosis disease.

Table 1-7: Diagnostic accuracy of combining abnormal chest X-ray findings to the

W4SS by ART status from the initial®? and updated®’ meta-analyses

ART status Number of | Sample size | Pooled sensitivity | Pooled specificity
studies (95% CI) (95% CI)
Initial meta-analysis
PLHIV not on ART 4 2,805 ‘ 91% (67%, 98%) ‘ 39% (13%, 73%)
Updated meta-analysis*
PLHIV not on ART 5 1,801 94% (76%, 99%) | 20% (8%, 44%)
PLHIV on ART 2 646 85% (70%, 93%) | 30% (26%, 34%)

*Does not include studies from the initial meta-analysis

In the 2018 WHO commissioned updated systematic review and meta-analysis, the authors

examined the diagnostic accuracy of combining abnormal chest X-ray findings to the W4SS
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by ART status.®®> For PLHIV not on ART, data were available for 1,801 participants from 5
studies; for PLHIV on ART, data were available for 646 participants from 2 studies. The
sensitivity of abnormal chest X-ray findings combined with W4SS was high in those on ART
(85% [70, 93]) and in those not on ART (94% [76, 99]), but specificity was low in both those
on ART (30% [26, 34]) and those not on ART (20% [8, 44]) (Table 1-7). In PLHIV on ART,
the sensitivity of abnormal chest X-ray findings combined with W4SS was higher than W4SS
(85% vs 51%), but specificity was lower (30% vs 71%). However, these comparisons were
indirect (i.e., based on all studies that assessed at least one test of interest) and are thus prone

to bias.

Besides suboptimal sensitivity, chest X-ray has several other limitations. Chest X-ray
findings, like clinical findings, vary depending on degree of immunosuppression.’”*® For
example, cavitation - a more typical radiographic finding - is less common at lower CD4 cell
counts.”” Thus, evaluation of chest X-ray findings can be difficult without knowing the CD4
cell count.”” A normal chest X-ray is also common in those with pulmonary tuberculosis. In
an IPDMA of PLHIV not on ART, over a third of culture positive tuberculosis cases - which
were predominately sputum culture positive - had a normal chest X-ray.®? Furthermore,
among PLHIV with tuberculosis, several studies have shown that a normal chest X-ray is
more common in those with advanced immunodeficiency.”®!% Chest X-ray also requires
trained readers and has variable inter- and intra-reader agreement.’>!°! In a 2016 survey of 14
countries with a high HIV-associated tuberculosis burden, chest X-ray as a screening tool was
available in only 14% of primary health care centres, while it was available at district and
tertiary level in almost all countries.>* Chest X-ray also has logistical and operational
challenges. Given its negative impact on infrastructure, human resources, and cost, chest X-
ray may pose a significant burden in resource-limited settings. Computer-aided detection
software may overcome some of these limitations. Although an IPDMA of participants
presenting with symptoms of tuberculosis showed that computer-aided detection software can
be a high sensitivity rule-out test,'%? sensitivity and specificity were modified by HIV status,
and only ~600 PLHIV were included in the analysis. Furthermore, there was no study that

enrolled PLHIV irrespective of symptoms and signs of tuberculosis.

1.5.4 Clinical prediction models for tuberculosis screening

Clinical prediction models (CPMs) may also be used as a screening tool to identify PLHIV

who are at increased risk of tuberculosis and need further confirmatory testing. CPMs (also
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known as clinical prediction rules, risk models or risk scores) predict the risk of disease (e.g.,
tuberculosis) for a person using the combination of multiple predictors.!%*!1%* These predictors
include clinical information (e.g., age, sex, symptoms, and signs) and laboratory tests (e.g.,
CD4 cell count and CRP). CPMs require appropriate development and validation to be

clinically useful.

The development of CPMs require several steps.'® Once the dataset is prepared, the CPM is
typically developed using multivariable regression methods such as logistic regression. This
process requires several decisions: identifying candidate predictors, determining the
functional form of predictors, assessing sample size relative to number of model parameters,
handling missing data using a suitable method, and identifying an appropriate strategy for
predictor selection.!® A full model approach, in which all candidate predictors are included,
is one strategy for predictor selection.!% This approach reduces overfitting, but requires
extensive knowledge about the most relevant predictors. Conversely, an alternative predictor
selection approach chooses predictors by backward or forward selection.!” Forward selection
begins with an empty model to which predictors are added, while backward selection begins
with all predictors and removes predictors.!*® Backward selection is preferred as all
predictors are assessed at the same time. Univariable selection is also commonly used in the

literature but is not recommended since important predictors may be rejected.!?’

The validation of a CPM involves internal validation (using data from the same population)
and external validation (using data from a different population). At validation, the
performance of the CPM is evaluated by determining the model’s discrimination and
calibration. Discrimination refers to how well the model can differentiate between patients
that have active tuberculosis and those that do not.!® Discrimination is assessed using the
concordance statistic (C-statistic). A C-statistic of >0.7 and >0.8 is considered as acceptable
and excellent performance, respectively.!® Calibration refers to agreement between expected
and observed outcomes.'% Calibration is assessed using calibration-in-the-large (a value of 0
indicating perfect calibration), calibration slope (a value of 1 indicating perfect calibration),
and calibration plots. The clinical utility of a CPM to improve decision making should also be
evaluated. Clinical utility can be evaluated using decision curve analysis, which shows the
net benefit (i.e., benefit versus harm) over a range of clinically relevant threshold
probabilities.!” The model or test with the greatest net benefit for a particular threshold is

considered to have the most clinical value.'®
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The TRIPOD statement was developed to provide recommendations on the development and
validation of CPMs.!”” However, despite the availability of the TRIPOD statement,'?” as well
as other guidance and methodological frameworks,!**!% CPMs are still poorly developed and
validated.!!” There have been few CPMs developed for tuberculosis screening either in
PLHIV irrespective of signs and symptoms of tuberculosis or in PLHIV who have a positive
W4SS. 11116 However, the methodology used to develop and/or validate these CPMs is

inadequate.

Auld et al developed a CPM for active tuberculosis in outpatient PLHIV not on ART
irrespective of symptoms and signs of tuberculosis.!'! The CPM included W4SS symptoms,
sex, smoking status, temperature, body-mass index (BMI), and haemoglobin as predictors.
The analysis involved splitting a cohort of PLHIV not on ART enrolled in Botswana by
geographic region into development and internal validation datasets. No sample size
calculations were provided. Although the development dataset had 189 tuberculosis cases, 15
predictors were assessed including 6 continuous variables that were assessed for nonlinearity,
meaning that overfitting of the model was a possibility. In the development dataset, sputum
was only collected in those with a positive W4SS (for Xpert testing), and sputum culture was
only performed if 4 sputum samples were collected. The final CPM was converted to a
simplified score, which included categorization of continuous variables. This approach is
known to lead to a loss of discriminative ability. Only the simplified score was externally
validated in 3 outpatient cohorts from South Africa. The 3 cohorts differed from the
derivation cohort in that one included a high percentage on ART, another included those with
low CD4 cell counts, and the third included PLHIV not on ART derived from a background
population with high tuberculosis prevalence. The final model showed excellent and
acceptable discrimination in the derivation (C-statistic: 0.82) and internally validated (C-
statistic: 0.77) datasets. However, the CPM had suboptimal and variable discrimination in the
3 external validation datasets with C-statistics of 0.63, 0.71, and 0.79. Furthermore, at a cut-
off that provided similar sensitivity to W4SS, the score did not improve specificity. In 2 of
the 3 external validation datasets, 45% and 29% of participants were also excluded because

of missing data, respectively. There was no assessment of the clinical utility of the CPM.

Baik et al developed a CPM for tuberculosis in outpatients who were both HIV-positive and
HIV-negative and who were symptomatic (i.e., W4SS positive) using a dataset from 28
clinics in South Africa.!'> The CPM included age, sex, HIV status, diabetes, W4SS

symptoms, and cough >2 weeks as predictors. The CPM was converted to a simplified score
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following categorization of continuous predictors and externally validated using a dataset
from 4 clinics in Uganda. In the development and external validation datasets, the definition
of tuberculosis was only a positive sputum Xpert. Discrimination was acceptable in the
validation cohort (C-statistic: 0.75). However, discrimination was not assessed specifically in
those who were HIV-positive. Decision curve analysis was performed but the score was not
compared to other screening tools such as the W4SS. Because the authors used a random

sample of those without tuberculosis, spectrum bias is a concern.

Hanifa et al developed a CPM among outpatient PLHIV with a positive W4SS who were
drawn from a larger cohort of PLHIV enrolled irrespective of symptoms and signs of
tuberculosis in South Africa.!'® The CPM included ART status, CD4 cell count, BMI, and
WA4SS as predictors. The analysis involved splitting the cohort by time into development and
internal validation datasets. The development dataset had 52 tuberculosis cases. However, 11
predictors were assessed including nonlinear terms for continuous variables and interaction
terms, meaning that overfitting of the model was likely. The final CPM was converted to a
simplified score following categorization of continuous predictors. The score showed
acceptable discrimination during internal validation (C-statistic: 0.72). Boyles et al externally
validated the full CPM among outpatient PLHIV who were enrolled from a PCF setting in
South Africa and found adequate calibration but suboptimal discrimination (C-statistic: 0.65),
suggesting that performance would be even lower for the simplified score that was derived

from the full CPM. '3

Balcha et al developed a CPM among outpatient PLHIV not on ART with a positive W4SS
who were drawn from a larger cohort enrolled irrespective of symptoms and signs of
tuberculosis in Ethiopia.!'* The CPM incorporated cough, lymphadenopathy, haemoglobin,
Karnofsky score, and mid-upper arm circumference (MUAC). During model development,
initial predictors were selected using their univariable associations with tuberculosis — a
procedure that may falsely exclude important predictors. Continuous variables were also
dichotomized. The development dataset had 137 tuberculosis cases, but since 25 predictors
were assessed, overfitting of the model is likely. Furthermore, the authors excluded those
unable to produce a sputum sample and those with a clinical diagnosis of tuberculosis. The
final CPM was converted to a simplified score, which showed acceptable discrimination in
the derivation cohort (C-statistic: 0.75). However, the CPM and simplified score were not

internally or externally validated. The CPM and simplified score are also complex, requiring
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examination for lymphadenopathy, measurement of haemoglobin concentration, and

assessment of Karnofsky Performance.

Boyles et al developed 2 CPMs for active tuberculosis in outpatient PLHIV with a positive
W4SS in South Africa based on first visit and return visit, respectively.!!> The CPM based on
first visit included ART status, number of W4SS symptoms, duration of W4SS symptoms,
and temperature as predictors. The CPM based on return visit included change in symptoms
after antibiotics, CRP at return visit, number of W4SS symptoms, duration of W4SS
symptoms, and ART status. Both models were developed and internally validated according
to the TRIPOD principles.'”” During internal validation, the CPM based on first visit showed
suboptimal discrimination (C-statistic: 0.68), while the CPM based on return visit showed
acceptable discrimination (C-statistic: 0.76). However, externally validation and clinical

utility of both models has not yet been assessed.

Nanta et al developed a CPM among PLHIV who were enrolled regardless of symptoms and
signs of tuberculosis from an ART clinic, tuberculosis clinic, and outpatient and inpatient
departments in Thailand.!'® The CPM included BMI <19 kg/m?, cough >2 weeks, shaking
chills >1 week, ART status, CD4 cell count <200 cells/ul, and history of tuberculosis.
However, the study had several limitations. During model development, the authors selected
predictors using their univariable associations with tuberculosis. Overfitting was likely,
because 43 predictors were assessed, but there were only 66 cases of tuberculosis. The CPM
has not been validated (either internally or externally), and clinical utility has not yet been

assessed.

In summary, although there are several CPMs for tuberculosis screening in PLHIV enrolled
irrespective of tuberculosis symptoms and signs or in PLHIV with a positive W4SS, they

have several limitations. Current CPMs have been developed using many predictors relative

to number of events,!! 113114116 ynivariable selection of predictors,!'*!16 or categorization of
continuous variables.!!!"!'* Current CPMs have also not been internally validated,'!*!®
shown suboptimal performance at external validation,!'!'3 have not been externally

d,112—116

validated or extensively externally validate or have not been assessed for clinical

utility.m’l 13-116

1.5.5 Other laboratory tests and biomarkers for tuberculosis screening

Several other laboratory tests and biomarkers are predictors of tuberculosis and may therefore

be useful for tuberculosis screening in PLHIV.
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Low CD#4 cell count plays a large role in the increased risk of tuberculosis in PLHIV.
Mycobacterium tuberculosis infects macrophages, which require CD4" lymphocytes to
augment clearance.!! A recent meta-analysis showed that there was a 1.43 (1.16, 1.88) fold
increase in tuberculosis incidence for every 100 cells/uL decrease in CD4 cell count.
Clinical presentation varies depending on the degree of immunosuppression, as does
diagnostic accuracy of tests.'® For example, AlereLAM and FujiLAM have significantly

lower sensitivities at higher CD4 cell counts.?>7

Low blood haemoglobin concentration (i.e., anaemia) is a predictor of tuberculosis. Although
anaemia may predispose to the development of tuberculosis, it is more likely that anaemia is
an early marker of tuberculosis that develops in the period before clinical disease is
apparent.'!” Anaemia is largely a result of anaemia of chronic disease.!'® According to WHO,
anaemia is classified as mild (11.0 to 12.9 g/dL for men and 11.0 to 11.9 g/dL for women),
moderate (8.0 to 10.9 g/dL), or severe (<8.0 g/dL).!" In a recent systematic review, anaemia
was significantly associated with increased risk of tuberculosis in 12 out of 14 studies
conducted among PLHIV.'?° The authors also found a significant dose-response relationship
between risk of tuberculosis and severity of anaemia in 6 out of 7 studies.!?’ In 1 study of
outpatient PLHIV not on ART, sensitivities of assays for the diagnosis of tuberculosis were
significantly higher in participants with moderate to severe anaemia than in those with no or
mild anaemia using AlereLAM (55% vs 0%) and Xpert (74% vs 41%).1?! These results
suggest that anaemia may have utility in tuberculosis screening and that confirmatory testing

be routinely performed in those with anaemia.

Biomarker-based screening tools that have been discovered in different “omics” levels (e.g.,
genomics, transcriptomics, proteomics, and metabolomics) might also be useful for
tuberculosis screening in PLHIV. Several blood transcriptional biomarkers have been
discovered for active pulmonary tuberculosis.!?? In one study that recruited PLHIV
irrespective of tuberculosis symptoms and signs from a community setting, the sensitivity of
an 11-gene blood transcriptional signature (called RISK11) was 88% (58, 100) and
specificity was 66% (63, 69), while the sensitivity of W4SS was only 30% (CI 0, 63) and
specificity was 94% (93, 96).!%

1.5.6 Other clinical features for tuberculosis screening

Several other clinical features are predictors of tuberculosis and may therefore be useful for

tuberculosis screening in PLHIV.
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ART leads to rising CD4 cell counts, and ART is associated with a markedly reduced
incidence of tuberculosis among PLHIV (HR 0.35 [0.28, 0.44]).!%* However, incidence of
tuberculosis remains high among PLHIV on ART compared with those who do not have

HIV. 125,126

Common anthropometric measures of malnutrition include BMI and MUAC. Low BMI has
been shown to impair the innate and adaptive immune responses, predisposing to the
development of tuberculosis.!?”1?® However, a bidirectional relationship likely exists, since
weight loss is a common symptom of tuberculosis.!?’ Low BMI is classified as a BMI <18.5
kg/m2.1%% In a recent systematic review and meta-analysis of 104,387 PLHIV, low BMI was
significantly associated with increased risk of tuberculosis in 7 out of 10 studies (pooled HR
2.1[1.6,2.7]). MUAC is a less commonly used anthropometric measure, but low MUAC
(<200 mm) was found to be predictive of tuberculosis in outpatient PLHIV initiating ART.!!*

Lymphadenopathy is a clinical sign that may indicate tuberculosis disease. Tuberculosis may
present with lymphadenopathy either as tuberculous adenitis (a form of extra-pulmonary
tuberculosis) or reactive lymphadenitis.'* Other infections and malignancies may also
present with lymphadenopathy.'*? In one study of outpatient PLHIV not on ART and enrolled
irrespective of tuberculosis signs and symptoms,'**> lymphadenopathy had moderate
sensitivity (67% [53, 79]) and specificity (55% [50, 60]) for the diagnosis of tuberculosis.
The combination of cough and lymphadenopathy had high sensitivity (93% [82, 98]), but low
specificity (25% [21, 29]).

The WHO defines a PLHIV as ‘seriously ill” if he or she has at least one WHO danger sign
(respiratory rate >30 breaths/min, body temperature >39 °C, heart rate >120 beats/min, or is
unable to walk unaided).!** In the 2007 WHO tuberculosis guideline to diagnose smear-
negative tuberculosis,'** WHO danger signs were developed to determine if referral to a
higher level facility was needed for a patient suspected of having tuberculosis in a HIV-
prevalent setting. However, the use of danger signs was largely developed based on expert
opinion. WHO danger signs have limited utility in determining hospital admission. For
example, in the STAMP trial, 79% of all HIV-positive medical inpatients had no WHO
danger signs but still required hospital admission.'® In the 2015 WHO LF-LAM tuberculosis
guideline and 2016 WHO ART guideline, **%° WHO danger signs are included as part of

screening criteria to determine eligibility for AlereLAM testing. However, WHO danger
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signs were not evaluated in the review that led to the recommendation. Thus, the role of

danger signs in WHO tuberculosis screening guidelines is unclear.

1.5.7 No screening tool (i.e., confirmatory testing for all PLHIV)

The authors of two studies conducted among PLHIV initiating ART have argued that the
preferred strategy should be confirmatory testing for all PLHIV, rather than confirmatory
testing only in those who have a positive result on a screening tool (e.g., a positive
W488).13%13¢ In both studies, the W4SS was negative in 16% and 22% of participants with
confirmed tuberculosis, respectively, meaning that these cases would have been missed by
screening.'*>13¢ Routine confirmatory testing may be especially useful in certain subgroups of
PLHIV such as those not on ART, those with low CD4 cell counts, and inpatients. These
subgroups have a high pre-test probability of tuberculosis, and the consequence of missing a
case is also high. In a study of inpatient PLHIV who were enrolled regardless of signs and
symptoms, the W4SS had very low specificity (11% [8, 15]) and tuberculosis prevalence was
very high (33% [28, 37], indicating that routine confirmatory testing in all inpatients may be
the preferred strategy in this subgroup.?’ Although a “confirmatory testing for all PLHIV”
approach could optimise diagnostic yield, cost and capacity issues may restrict its

implementation in resource-poor settings.

1.6 Diagnostic test accuracy and CPM research using IPDMA

A conventional meta-analysis involves statistical analyses of aggregate data from multiple
studies to provide a summary pooled estimate (e.g., sensitivity and specificity).!*” On the
other hand, an IPDMA uses the individual-level raw data of each participant from multiple

studies to provide a summary pooled estimate.

IPDMA of diagnostic test accuracy offers several advantages over a conventional meta-
analysis.!*® First, some studies may not be included in a meta-analysis because the study
collected data on the index test but did not publish that data. Some studies may also publish
data on an index test but do not report sufficient data on the index test to allow for inclusion
of the study in a meta-analysis. Therefore, obtaining IPD would allow investigators to include
more eligible studies in the analysis, increasing sample size and reducing publication bias.
Second, for tests that use a continuous measure (e.g., CRP), some studies may not report
aggregate data at a threshold of interest. IPDMA allows investigators to use the same

threshold in multiple studies. IPDMA also allows meta-analysis at multiple thresholds. Third,
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IPDMA enables investigators to standardize index tests and reference standards across
multiple studies. Fourth, IPDMA allows investigators to evaluate different combinations of
index tests. Finally, since test accuracy may vary by key subgroups (e.g., by ART status),

IPDMA allows investigators to examine test accuracy across those subgroups.

Similarly, IPDMA of CPMs offers several advantages for both CPM development and
validation.!*®13° For CPM development, IPDMA enables investigators to increase sample
size, reducing the possibility of overfitting. For CPM validation, IPDMA allows investigators
to assess generalizability of a CPM across several settings and subgroups. If performance is
found to be suboptimal in certain settings or subgroups, IPDMA can improve performance
using various updating strategies.'*’ Finally, if 2 or more CPMs for a target population are
described in the literature, an [IPDMA also allows investigators to compare performance of

the CPMs overall and across different settings.!*3

An IPDMA also has disadvantages. IPDMA involves collecting and checking data for
multiple studies — procedures that are time consuming. An IPDMA is also complex, requiring
greater statistical expertise to perform analyses. Some studies may also not provide data,

potentially increasing the risk of selection bias and decreasing precision.

1.7 Thesis rationale

Early and accurate diagnosis of HIV-associated tuberculosis is an important component of the
WHO End TB Strategy.’® However, WHO-recommended screening tools and strategies to
guide confirmatory testing with Xpert and LF-LAM (e.g., AlereLAM) have suboptimal
diagnostic accuracy in PLHIV.

For the WHO Xpert algorithm (Table 1-3), the W4SS has low specificity in those not on
ART, leading to many unnecessary and expensive follow-up confirmatory tests with Xpert in
this population.®>33 Furthermore, the W4SS might have low specificity in inpatients since
HIV-related opportunistic diseases often present with one or more of the W4SS symptoms.'!
The W4SS also has reduced sensitivity in some subgroups such as those who are on ART.
The entire WHO Xpert algorithm (W4SS followed by Xpert) may also have low sensitivity
since overall sensitivity depends on the combined sensitivity of the W4SS and Xpert.
Alternative screening tools and strategies to guide Xpert confirmatory testing need to be
explored. A ‘confirmatory testing for all”’ strategy with Xpert (i.e., no use of a screening tool)

also needs to be explored.
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For the WHO AlereLAM inpatient algorithm, WHO screening criteria to guide AlereLAM
may be challenging to implement in busy inpatient settings.'*? The diagnostic accuracy of
WHO screening criteria is also unknown. Since the W4SS was developed among ambulatory
PLHIV,*? it may have low specificity in inpatients who are frequently symptomatic.
Furthermore, inpatients typically have advanced immunodeficiency, meaning that CD4 cell
count may also have low specificity. CD4 cell count is also often not rapidly available.
Furthermore, WHO has recommended that WHO-defined danger signs be used as a screening
tool to guide AlereLAM confirmatory testing, but the diagnostic accuracy of WHO-defined
danger signs was not assessed in the review that led to the recommendation.®® Alternative
screening tools to guide AlereLAM testing need to be explored. A ‘confirmatory testing for
all’ strategy with AlereLAM (i.e., no use of screening tools or criteria) in an inpatient setting
may be more appropriate than AlereLAM confirmatory testing only if screening criteria are

met.

Alternative screening tools and strategies are therefore needed to meet the ambitious WHO
End TB Strategy targets. Improving tuberculosis screening may 1) increase the number of
tuberculosis cases captured; 2) reduce the number of expensive follow-up confirmatory tests
required; 3) lead to more effective and timely implementation of IPT/TPT since screening is
required to rule out active tuberculosis prior to provision of I[PT/TPT; 4) prevent inadvertent
IPT/TPT in those who need tuberculosis treatment; 5) reduce diagnostic complexity, which is

an important consideration in busy clinical settings; and 6) reduce community transmission.

By using individual-level data, an IPDMA provides a unique opportunity to overcome several
limitations of conventional meta-analyses and address some of the evidence gaps that exist in

WHO tuberculosis screening and diagnostic guidelines for PLHIV.
1.8 Aim and objectives

1.8.1 Aim

The aim of this thesis is to improve the diagnosis of HIV-associated tuberculosis by
investigating alternative tuberculosis screening tools and strategies within an IPDMA

framework.

1.8.2 Objectives

There are four separate objectives of this thesis:
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1.

To determine the diagnostic accuracy of the W4SS and alternative screening tools and
strategies in ambulatory PLHIV, including key subgroups.

a. First, I compared diagnostic accuracy of different tuberculosis screening tools
and strategies with diagnostic accuracy of the W4SS to guide confirmatory
testing.

b. Second, I compared the diagnostic accuracy of the WHO-recommended Xpert
algorithm (i.e., W4SS followed by Xpert) with the diagnostic accuracy of Xpert
confirmatory testing for all ambulatory PLHIV.

To determine the performance of the W4SS and alternative screening tools and
strategies in HIV-positive inpatients

a. First, I determined the proportion of inpatients eligible for Xpert confirmatory
testing using the WHO Xpert algorithm (W4SS followed by Xpert).

b. Second, I compared diagnostic accuracy of different tuberculosis screening tools
and strategies with diagnostic accuracy of the W4SS to guide confirmatory
testing.

c. Third, I compared diagnostic accuracy of the WHO Xpert algorithm with
diagnostic accuracy of Xpert confirmatory testing for all inpatients.

d. Fourth, I determined the diagnostic yield of Xpert (i.e., proportion of total
tuberculosis cases with a positive Xpert test)

To determine the performance of WHO screening criteria and alternative screening tools
and strategies to guide LF-LAM testing in HIV-positive inpatients

a. First, I determined the proportion of inpatients eligible for AlereLAM
confirmatory testing using the WHO AlereLAM algorithm (i.e., WHO screening
criteria followed by AlereLAM).

b. Second, I compared diagnostic accuracy of different tuberculosis screening tools
and strategies with diagnostic accuracy of the WHO screening criteria to guide
confirmatory AlereLAM testing.

c. Third, I compared diagnostic accuracy of the WHO-recommended AlereLAM
algorithm with diagnostic accuracy of AlereLAM or FujiLAM testing in all
inpatients.

d. Fourth, I determined the diagnostic yield of tuberculosis confirmatory testing
(i.e., proportion of total tuberculosis cases with a positive sputum or urine Xpert,

AlereLAM, and/or FujiLAM).
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e. Fifth, I evaluated diagnostic accuracy of WHO-defined danger signs for
tuberculosis.

To develop and validate novel CPMs for pulmonary tuberculosis screening in outpatient
PLHIV and to determine the clinical utility of these CPMs and WHO-recommended
screening tools.

a. First, I developed and validated novel CPMs that combined CRP with several
routinely available clinical predictors for active pulmonary tuberculosis among
outpatient PLHIV.

b. Second, I determined the optimal tuberculosis screening approach by comparing
the performance and clinical utility of these novel CPMs with that of WHO-
recommended tests: W4SS and CRP (when this analysis began, WHO had
recommended CRP for tuberculosis screening in PLHIV based on the findings of

the first objective)
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Chapter 2: TUBERCULOSIS SCREENING AMONG AMBULATORY
PEOPLE LIVING WITH HIV: A SYSTEMATIC REVIEW AND
INDIVIDUAL PARTICIPANT DATA META-ANALYSIS

This study is published in The Lancet Infectious Diseases:

Dhana AV, Hamada Y, Kengne AP, Kerkhoff AD, Rangaka MX, Kredo T, Baddeley A,
Miller C, Singh S, Hanifa Y, Grant AD, Fielding K, Affolabi D, Merle CS, Wachinou AP,
Yoon C, Cattamanchi A, Hoffmann CJ, Martinson N, Mbu ET, Sander MS, Balcha TT,
Skogmar S, Reeve BWP, Theron G, Ndlangalavu G, Modi S, Cavanaugh J, Swindells S,
Chaisson RE, Ahmad Khan F, Howard AA, Wood R, Thit SS, Kyi MM, Hanson J, Drain PK,
Shapiro AE, Kufa T, Churchyard G, Nguyen DT, Graviss EA, Bjerrum S, Johansen IS, Gersh
JK, Horne DJ, LaCourse SM, Al-Darraji HAA, Kamarulzaman A, Kempker RR, Tukvadze
N, Barr DA, Meintjes G, Maartens G.

“Tuberculosis screening among ambulatory people living with HIV: a systematic review and
individual participant data meta-analysis”

The Lancet Infectious Diseases. 2022 Apr;22(4):507-518
https://doi.org/10.1016/S1473-3099(21)00387-X
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2.1 Abstract

Background: The WHO-recommended tuberculosis screening and diagnostic algorithm in
ambulatory people living with HIV is a four-symptom screen (known as the WHO-
recommended four symptom screen [W4SS]) followed by a WHO-recommended molecular
rapid diagnostic test (eg Xpert MTB/RIF [hereafter referred to as Xpert]) if W4SS is positive.
To inform updated WHO guidelines, we aimed to assess the diagnostic accuracy of

alternative screening tests and strategies for tuberculosis in this population.

Methods: In this systematic review and individual participant data meta-analysis, we updated
a search of PubMed (MEDLINE), Embase, the Cochrane Library, and conference abstracts
for publications from Jan 1, 2011, to March 12, 2018, done in a previous systematic review to
include the period up to Aug 2, 2019. We screened the reference lists of identified pieces and
contacted experts in the field. We included prospective cross-sectional, observational studies
and randomised trials among adult and adolescent (age >10 years) ambulatory people living
with HIV, irrespective of signs and symptoms of tuberculosis. We extracted study-level data
using a standardised data extraction form, and we requested individual participant data from
study authors. We aimed to compare the W4SS with alternative screening tests and strategies
and the WHO-recommended algorithm (ie, W4SS followed by Xpert) with Xpert for all in
terms of diagnostic accuracy (sensitivity and specificity), overall and in key subgroups (eg,
by antiretroviral therapy [ART] status). The reference standard was culture. This study is
registered with PROSPERO, CRD42020155895.

Findings: We identified 25 studies, and obtained data from 22 studies (including 15 666
participants; 4347 [27-7%] of 15 663 participants with data were on ART). W4SS sensitivity
was 82% (95% CI 72—-89) and specificity was 42% (29-57). C-reactive protein (>10 mg/L)
had similar sensitivity to (77% [61-88]), but higher specificity (74% [61-83]; n=3571) than,
W4SS. Cough (lasting >2 weeks), haemoglobin (<10 g/dL), body-mass index (<18-5 kg/m?),
and lymphadenopathy had high specificities (80—90%) but low sensitivities (29—43%). The
WHO-recommended algorithm had a sensitivity of 58% (50—66) and a specificity of 99%
(98-100); Xpert for all had a sensitivity of 68% (57-76) and a specificity of 99% (98-99). In
the one study that assessed both, the sensitivity of sputum Xpert Ultra was higher than
sputum Xpert (73% [62—81] vs 57% [47—-67]) and specificities were similar (98% [96-98] vs
99% [98—-100]). Among outpatients on ART (4309 [99-1%] of 4347 people on ART), W4SS
sensitivity was 53% (35—71) and specificity was 71% (51-85). In this population, a parallel
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strategy (two tests done at the same time) of W4SS with any chest x-ray abnormality had
higher sensitivity (89% [70-97]) and lower specificity (33% [17-54]; n=2670) than W4SS
alone; at a tuberculosis prevalence of 5%, this strategy would require 379 more rapid
diagnostic tests per 1000 people living with HIV than W4SS but detect 18 more tuberculosis
cases. Among outpatients not on ART (11 160 [71:8%] of 15 541 outpatients), W4SS
sensitivity was 85% (76-91) and specificity was 37% (25-51). C-reactive protein (=10 mg/L)
alone had a similar sensitivity to (83% [79-86]), but higher specificity (67% [60-73];
n=3187) than, W4SS and a sequential strategy (both test positive) of W4SS then C-reactive
protein (=5 mg/L) had a similar sensitivity to (84% [75-90]), but higher specificity than (64%
[57-71]; n=3187), W4SS alone; at 10% tuberculosis prevalence, these strategies would
require 272 and 244 fewer rapid diagnostic tests per 1000 people living with HIV than W4SS

but miss two and one more tuberculosis cases, respectively.

Interpretation: C-reactive protein reduces the need for further rapid diagnostic tests without
compromising sensitivity and has been included in the updated WHO tuberculosis screening
guidelines. However, C-reactive protein data were scarce for outpatients on ART,
necessitating future research regarding the utility of C-reactive protein in this group. Chest x-
ray can be useful in outpatients on ART when combined with W4SS. The WHO-
recommended algorithm has suboptimal sensitivity; Xpert for all offers slight sensitivity

gains and would have major resource implications.
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2.2 Introduction

Tuberculosis is the leading cause of death among PLHIV and often goes undiagnosed.'>!** One
approach to reduce this tuberculosis burden involves systematic screening as part of an
intensified case-finding strategy. WHO recommends a tuberculosis screening and diagnostic
algorithm in PLHIV at each clinical encounter using the W4SS (comprising any one of current
cough, fever, night sweats, or weight loss) followed by confirmatory testing using a WHO-
recommended molecular rapid diagnostic test such as Xpert or Xpert Ultra for those with a
positive W4SS.8%14 However, the W4SS has low specificity, meaning many people require
unnecessary and expensive confirmatory testing with a rapid diagnostic test.3?%3 Furthermore,
the W4SS has reduced sensitivity in specific subgroups (eg, those who are on ART, are
pregnant, or have high CD4 counts).’>3%!%> The entire algorithm might also have low
sensitivity,* because overall sensitivity depends on the combined sensitivity of the W4SS and

the rapid diagnostic test.

Alternative screening tests to the W4SS need to be explored. According to WHO, a screening
test should have a sensitivity of more than 90% and a specificity of more than 70%."° Several
studies have shown that CRP has improved diagnostic accuracy compared with W4SS,86.88.90
CRP assays as point-of-care assays are easy to use, inexpensive (approximately US$2 per test),
and provide rapid results (<3 min). One study among PLHIV initiating ART found that
replacing the W4SS with CRP (10 mg/L) could halve the number of Xpert tests performed.®’
Chest X-ray might also be useful for tuberculosis screening, especially when combined with
the W4SS in PLHIV on ART;® however, it is often unavailable and resource intensive.
Haemoglobin, BMI, and lymphadenopathy are other predictors of tuberculosis,!!*!' but their
diagnostic accuracy is unclear. The authors of some studies among PLHIV initiating ART have
argued that Xpert for all, rather than Xpert only for those who are positive on the W4SS, should
be the preferred strategy.!*>!3¢ This approach could optimise diagnostic yield, but cost and
capacity issues could restrict its implementation in resource-poor settings. The AlereLAM
lateral flow urine assay for screening outpatients living with HIV has been recently reviewed
and has a sensitivity of 31% and specificity of 95%;* next-generation assays based on
detection of lipoarabinomannan (eg, Fujifilm SILVAMP TB-LAM) have higher sensitivity
(e.g., 71%).” WHO recommends the AlereLAM assay if an outpatient has a positive W4SS,
CD4 count of 100 cells per puL or lower, is WHO clinical stage 3 or 4, or has a WHO-defined

danger sign.*
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We did a systematic review and IPDMA to provide a more detailed and precise analysis of the
accuracy of different tuberculosis screening tests and strategies compared with W4SS among
ambulatory PLHIV, including key subgroups. We also assessed the accuracy of the WHO-
recommended screening and diagnostic algorithm (W4SS followed by Xpert) and compared

its accuracy with Xpert for all as the first screening test.

2.3 Methods

Search strategy and selection criteria

In this systematic review and IPDMA, we updated the systematic review done by Hamada and
colleagues,®> who searched PubMed (MEDLINE), Embase, the Cochrane Library, and
conference abstracts (from the Conference on Retroviruses and Opportunistic Infections,
AIDS/International AIDS Society, and International Union Against TB and Lung Diseases
conferences) without language or geographical restrictions from Jan 1, 2011, to March 12,
2018. The start date restrictions correspond to the year WHO issued recommendations on the
W4SS. We rescreened all potential full texts identified via Hamada and colleagues’ search to
identify eligible studies. Additionally, we applied the same search strategy to the same
databases for publications between March 12, 2018, and Aug 2, 2019. We also screened
reference lists of reviews and included articles and contacted field experts. Detailed search

terms are in the appendix (Table 8-1).

Two authors (AD and YHam) independently screened titles and abstracts from the search and
subsequently screened the full texts of potentially eligible articles. For abstracts that were not
in English, we used Google Translate to translate the abstracts before screening. We included
prospective cross-sectional studies, prospective observational studies, and randomized trials
that collected at least one sputum sample for tuberculosis culture from adult and adolescent
(i.e., aged >10 years) ambulatory PLHIV regardless of signs and symptoms of tuberculosis.
We excluded case-control studies, general community or household contact-screening studies,
and studies that involved PLHIV who were already on tuberculosis treatment or had a current

tuberculosis diagnosis.

The target condition was active tuberculosis (i.e., we excluded articles on latent tuberculosis
infections). The reference standard for confirmed tuberculosis was bacteriological
confirmation of Mycobacterium tuberculosis using culture of a sputum sample or other

samples, or both.
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We included primary datasets that had sufficient data to allow us to compare the W4SS with
alternative screening tests or strategies and the WHO-recommended algorithm (W4SS
followed by Xpert) with Xpert for all. We examined several systematically performed
screening tests: CRP, chest X-ray, Xpert or Xpert Ultra, haemoglobin, BMI, lymphadenopathy
(on examination), and cough (lasting >2 weeks). A positive chest X-ray was defined by the
authors of the included studies and categorised as any abnormality or abnormality suggestive
of tuberculosis. We were primarily interested in any abnormality on chest X-ray because
identification of features suggestive of tuberculosis on chest X-ray requires a skilled reader.
For CRP, we primarily focused on the 10 mg/L threshold, which is considered the upper limit
of normal.'**!*” We also explored a 5 mg/L threshold to maximize sensitivity and an 8 mg/L
threshold because a previous study found that this cutoff met WHO’s minimum sensitivity
(>90%) and specificity (>70%) targets.””%® Finally, we examined several parallel strategies
(two screening tests offered at the same time) to improve sensitivity and sequential strategies

(second screening test offered only if first screening test is positive) to improve specificity.

We have reported our findings according to the PRISMA-IPD and PRISMA-DTA
statements.'*®!% This study was registered with PROSPERO (CRD42020155895).

Data extraction, study quality, and IPD synthesis

Using a standardized data extraction form, two authors (AD and YHam) independently
extracted study-level information on first author, publication year, study period, country,
setting (e.g., HIV clinic, hospital clinic, prison clinic), exclusion criteria, study design, type of
participants (e.g., all PLHIV, only pregnant people), and method of tuberculosis diagnosis.
Two authors independently (AD and YHam) assessed study quality using the Quality
Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool.!*°

We invited authors of eligible datasets by email to contribute IPD. We prespecified variables
to be collected after consultation with WHO and our study group (appendix Table 8-2). We
standardized IPD, then synthesized a single dataset with study-level data. Study participants
younger than 10 years were excluded, and contaminated cultures were considered negative. To
ensure integrity of the IPD, we checked information against study publications and did checks
on each dataset for missing, duplicate, invalid, and implausible items.!>!!>?> We resolved

discrepancies by contacting the corresponding author.
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Statistical analysis

We did analyses overall and in key subgroups, comprising outpatient clinic attendees (on ART
vs not on ART), CD4 count (<200 vs >200 cells per uL), and pregnancy. To analyze IPD we
used a two-stage approach. IPD were first analyzed separately in each study using an
appropriate statistical method (accounting for the design of data collection) and reduced to

aggregate data, which were then synthesized using meta-analytical techniques.

In the first stage, we estimated tuberculosis prevalence, positivity rate (proportion of screen-
positive participants), and measures of diagnostic performance (including sensitivity and
specificity) by screening test or strategy. In the second stage, we pooled tuberculosis prevalence
and positivity rates using a generalized linear mixed model with logit transformation'>* in
preference to the protocol specified DerSimonian and Laird random effects model for
proportions with variance stabilization by applying the Freeman-Tukey double arcsine
transformation. We assessed heterogeneity using Cochran’s Q test and the 2 statistic.!>* We
pooled absolute accuracy measures (sensitivity, specificity) in a bivariate generalised linear
mixed model.!*’ In the case of non-convergence, we assumed no correlation between measures
of sensitivity and specificity to simplify the model.!>> When data were sparse, we did not do a
meta-analysis (e.g., for CRP [n=62] and lymphadenopathy [n=34] in pregnant participants).
We illustrated the absolute pooled sensitivity and specificity using summary receiver-operating
characteristic (ROC) curves.'*® To compare the accuracy of screening tests and strategies, we
did both indirect and direct comparisons. Direct comparisons were based on studies that
assessed both tests of interest; indirect comparisons were based on all studies that assessed at
least one test of interest. We did a bivariate meta-regression with test type as a covariate and
used likelihood ratio tests to assess the significance of differences in sensitivity and specificity.
We explored study-level characteristics (tuberculosis prevalence and reference standard) as
potential sources of heterogeneity. Accounting for the variation of tuberculosis prevalence
across studies and their pooled values, we applied pooled accuracy estimates to a hypothetical
cohort of 1000 individuals to show the consequences of using each screening test and strategy,
which included calculating negative and positive predictive values using Bayes’ theorem. We
also calculated predictive values using a trivariate generalised linear mixed model that jointly

models predictive values and test prevalence.'®’

We did several sensitivity analyses. We assessed diagnostic accuracy using a prespecified
second reference standard of culture or Xpert. This analysis included one additional study of

outpatients living with HIV (not on ART and on ART) that did not meet our primary reference
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standard criterion.!!® We also assessed diagnostic accuracy using a reference standard of Xpert
alone because it is one of the molecular rapid diagnostic tests recommended by WHO. Finally,
we did a direct comparison of the accuracy of W4SS followed by Xpert with the accuracy of
CRP (>10 mg/L) followed by Xpert.

We assessed publication bias with funnel plots (for analyses with ten or more studies) and
applied Egger’s test. Although Deeks’ test might be more appropriate, most methods to test for
publication bias in studies of test accuracy have limitations.!>® Therefore, we also applied the

trim-and-fill method to provide bias-adjusted estimates.!>

We selected a p value threshold of 0.05 to characterise statistically significant findings. We did
all meta-analyses using Ime, altmeta, meta, metafor, and mada packages in R (version 3.6.1).
The substantive protocol deviations were that we did not perform a leave-one-out sensitivity
analysis and did not compare IPD results with aggregate data for which IPD were not obtained

because we obtained more than 90% of requested data.

Role of the funding source
The funder had a role in the study design, data collection, data analysis, data interpretation, and

writing of the report.

2.4 Results

Of 5523 potentially eligible publications, 25 were eligible (Figure 2-1). IPD were provided for
22 studies (including one study'!* that was eligible only for sensitivity
analyses) 38:9091.114.133.145.160-174 "TpTy \vere not provided for three studies.!”>!”” Hence, we
obtained IPD for 15 666 (92%) of 17 024 participants identified. The characteristics of included
studies are shown in the appendix (Table 8-3). The studies collected data from 2007 to 2020.
18 studies were done in sub-Saharan Africa. Two studies included only pregnant women, and
one study included only people living in prison. Overall, we judged studies as low risk of bias
in most QUADAS-2 domains (appendix Figure 8-1), but six studies had high applicability
concerns for participant selection (e.g., selected only PLHIV with advanced

immunosuppression). Missing data by study are shown in the appendix (Table 8-4).
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Figure 2-1: Study selection

title and abstract

|

5306 studies excluded

217 studies assessed for full-text
eligibility

192 full-text articles excluded

82 specimens obtained only from participants
with symptoms

28 no data on WHO symptom screen
26 duplicated data

23 ineligible reference standard

10 retrospective study

9 review articles or editorials

7 community study

4 insufficient data

2 non-ambulatory

1 case-control study

25 studies for which data were
sought

l

3 studies for which data were not provided, n=1358 (8%)

1 no response, n=470
1 could not share data, n=675

1 dataset received but unable to clarify queries, n=213

21 studies included in meta-
analysis
n= 15666 (92%)

1 study only eligible for
sensitivity analyses™®
n=2990

*One study by Hanifa et al (2015) was incorporated into sensitivity analyses because the study’s reference standard made it

ineligible for the main analyses. Including that study, we obtained 93.4% of data.

W4SS=WHO-recommended four symptom screen. *One study (Hanifa and colleagues''®) was incorporated into sensitivity

analyses because the study’s reference standard made it ineligible for the main analyses.

Participant characteristics overall are shown in Table 2-1 and by study are shown in the
appendix (Table 8-5). 10 388 (66.3%) of 15 666 participants were female, and 4347 (27.8%)
of 15 663 with available data were on ART. W4SS was positive in 8028 (51.3%) of 15 625
participants, and CRP was elevated (>10 mg/L) in 1259 (35.1%) of 3582 participants. CRP was
measured with a point-of-care assay (2695 participants) or laboratory assay (887 participants)
in five studies. The median CD4 count was 269 cells per pL (IQR 142-439; in 15 281

participants).
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Table 2-1: Summary of main characteristics for all participantst

Variable All Ni
Participants 15666 (100)

Clinical setting 15666
Outpatient 15541 (99.2)

Other setting* 125 (0.8)

Age (years) 34 (28-42) 15666
Female 10388 (66.3) 15666
On ART 4347 (27.8) 15663
CD4 count (cells/uL) 269 (142-439) 15281
History of tuberculosis 1955 (17.5) 11148
W4SSs 8028 (51.3) 15652
Cough 4629 (29.6) 15623
Fever 3391 (21.7) 15631
Weight loss 5575 (35.7) 15602
Night sweats 3270 (20.9) 15630
Cough >= 2 weeks 2205 (20.2) 10919
Lymphadenopathy 374 (15.6) 2394
CXR (suggests tuberculosis) 1296 (21.0) 6177
CXR (any abnormality) 2158 (34.7) 6222
Total Xpert positive** 616 (7.1) 8625
BMI (kg/m?) 22 (19-26) 12704
CRP (mg/L)§ 4 (2-21) 3582
CRP (>=10 mg/L) 1259 (35.1) 3582
Hb (g/dL) 12 (10-13) 5118
Hb (<10 g/dL) 1093 (21.4) 5118

tData are median (25th-75th percentiles) or count (%)

fParticipants with data available for variable

*One study among a prison population

**Sputum and/or non-sputum Xpert result

§Measured with a point-of-care assay (n=2695) or laboratory assay (n=887)

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein,
CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen

The pooled tuberculosis prevalence was 7.7% (95% CI 5.7-10.4) using culture as a reference
standard (Table 2-2). The pooled prevalence of tuberculosis in outpatients not on ART was
9.3% (7.0-12.1) compared with 3.3% (2.2—4.8) among outpatients on ART. For participants
with a CD4 count of 200 cells per puL or less, the prevalence of tuberculosis was 13.7%
(11.1-16.7) and among those with a CD4 count of more than 200 cells per pL it was 4.9%
(3.6-6.6; Table 2-2). Heterogeneity of tuberculosis prevalence was high. The pooled
tuberculosis prevalences were slightly higher using a reference standard of either culture or
Xpert than with a reference standard of culture alone, but subgroup comparisons remained

qualitatively similar (appendix Table 8-6).
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Table 2-2: Prevalence of tuberculosis in all participants and by subgroup (using culture

as a reference standard)

Heterogeneity
Subgroup§ No_ N No . Preva:lence % ol’ P-value Egger's test Saunl;gli;cs):;p
studies tuberculosis| (95% CI)t (95% ClI) (p-value) (p-value)tt
All 21 15,611 1,347 7.7 (5.7-10.4) | 95 (94-96) <0.0001 0.02 -
All (setting and ART status) 21 15,608 1,347 7.7 (5.7-10.4) | 95 (94-96) <0.0001 0.02 -
Outpatients (on ART)* 9 4,309 137 3.3(2.2-4.8) | 81(65-90) <0.0001 0.79 <0.0001
Outpatients (not on ART) 20 11,174 1,195 9.3 (7.0-12.1) | 92 (89-94) <0.0001 0.05 -
Other setting™* 1 125 15 12.0 (7.4-19.0) -(-) - - -
All (CD4 count) 21 15,227 1,320 7.8 (5.8-10.4) | 95 (94-96) <0.0001 0.02 -
CD4 count <=200 cells/pL 21 5,622 866 13.176(17;.1_ 84 (77-89) <0.0001 0.03 <0.0001
CD4 count >200 cells/pL 21 9,605 454 4.9 (3.6-6.6) | 88 (84-92) <0.0001 0.22 -
All (pregnancy status)*** 21 10,351 701 6.4 (4.7-8.7) | 91 (88-94) <0.0001 0.15 -
Pregnant 8 1,938 53 2.7 (2.1-3.6) 0 (0-60) <0.0001 0.04 <0.0001
Non-pregnant 19 8,413 648 7.3 (5.4-9.8) | 90 (85-93) <0.0001 0.21 -

§Subgroup in bold is the overall comparator. For example, all (setting and ART status) contains combined subgroups outpatients (on ART),
outpatients (not on ART), and other setting

tCalculated using meta-analysis of proportions. We used a generalized linear mixed model with logit transformation in preference to protocol
specified DerSimonian and Laird random effects model for proportions with variance stabilization by applying the Freeman-Tukey double arcsine
transformation

ttP-value of between subgroups heterogeneity statistic Q (based on random effects model)

*P(subgroup) compares outpatients (on ART) with outpatients (not on ART)

**One study among a prison population

***Pregnancy status unavailable for some studies, female participants in those studies categorized as non-pregnant
Definition of abbreviations: ART = antiretroviral therapy

Plots of sensitivity and specificity for each test in all participants and each subgroup are shown
in the appendix (Figure 8-2). Indirect comparisons between each test and W4SS in all
participants are shown in Table 2-3 and each subgroup are shown in the appendix (Table 8-7).
Among 15 597 participants with available culture results, the sensitivity of W4SS was 82%
(95% CI 72-89) and specificity was 42% (29-57; Table 2-3; appendix Figure 8-2). The
sensitivity of CRP (=10 mg/L) was similar to, and its specificity was higher than, that of W4SS
(sensitivity 77% [95% CI 61-88; p=0.71], specificity 74% [61-83; p=0.041]; Table 2-3; Figure
2-2). The sensitivity of chest X-ray (with any abnormality) was 72% (65—-78) and specificity
was 62% (51-71; Table 2-3; appendix Figure 8-2). Cough (lasting >2 weeks), haemoglobin
(<10 g/dL), BMI (<18.5 kg/m?), and lymphadenopathy had high specificities but low

sensitivities, making them unsuitable to be explored further as screening tests.
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Table 2-3: Indirect comparisons between each test and W4SS for the detection of

tuberculosis in all participants (using culture as a reference standard)

Difference from W4SStt

Test Nostudies | N 5% Cl) o5kl | (pvaiue) | (ovalue)
w4ss 21 15597 82 (72-89) 42 (29-57) - -
CRP (>=10 mg/L) 5 3571 77 (61-88) 74 (61-83) 0.706 0.041
CRP (>=8 mg/L) 5 3571 81 (68-89) 70 (57-81) 0.913 0.071
CRP (>=5 mg/L) 5 3571 87 (77-93) 60 (48-71) 0.512 0.268
CXR (abnormal) 8 6195 72 (65-78) 62 (51-71) 0.261 0.129
CXR (suggests tuberculosis) 8 6150 63 (57-70) 78 (67-86) 0.071 0.005
Cough (any) 21 15568 56 (48-63) 72 (65-79) <0.0001 0.001
Cough (>=2 weeks) 17 10906 38 (29-49) 84 (77-90) <0.0001 <0.0001
Hb (<10 g/dL) 9 5116 43 (33-54) 80 (73-85) 0.001 0.001
Hb (<8 g/dL) 9 5116 12 (9-16) 96 (93-97) <0.0001 <0.0001
BMI (<18.5 kg/m?) 18 12650 29 (22-38) 89 (84-92) <0.0001 <0.0001
Lymphadenopathy 4 2391 31 (14-55) 90 (75-96) 0.002 0.002
WA4SS or CRP (>=10 mg/L)Y 5 3571 88 (63-97) 31 (13-57) 0.358 0.456
WA4SS or CXR (abnormal)f 8 6186 94 (89-97) 20 (10-37) 0.008 0.066
WA4SS then CRP (>=5 mg/L){ 5 3571 70 (31-92) 75 (53-88) 0.546 0.04
W4SS then Xpert*§ 12 8557 58 (50-66) 99 (98-100) - -
Xpert alone*§ 12 8570 68 (57-76) 99 (98-99) 0.094# 0.397#

tUsing culture as a reference standard. Indirect comparisons are based on all studies that evaluated at least one of the W4SS or relevant
screening tests

ttFor Xpert alone, the comparator is W4SS then Xpert

{IFor parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the
first screening test is positive

*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result). Alternative algorithms are W4SS then single
sputum Xpert (12 studies; 8556 participants; sensitivity 55 (48-63), specificity 99 (99-100) and single sputum Xpert alone (12 studies; 8569
participants; sensitivity 64 (53-74), specificity 99 (98-99).

§0One study assessed Xpert and Xpert Ultra among 733 participants. The accuracy of sputum Xpert was: sensitivity 57 (47-67), specificity 99
(98-100); sputum Xpert Ultra: sensitivity 73 (62-81), specificity 98 (96-98); urine Xpert Ultra: sensitivity 27 (19-38), specificity 98 (96-99); sputum
and urine Xpert Ultra: sensitivity 75 (65-83), specificity 95 (94-97)

#Bivariate model did not converge; results from a univariate random-effects model

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-
symptom screen
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Figure 2-2: Summary ROC curves comparing C-reactive protein (=10 mg/L) with

W4SS in all participants*

AUC=area under the ROC. ROC=receiver operating characteristic. W4SS=WHO-recommended four-symptom screen. *Data

were extrapolated beyond observed datapoints.

Parallel strategies that combined W4SS with either chest X-ray (with any abnormality) or CRP
(>10 mg/L) had higher sensitivities and lower specificities than W4SS alone (Table 2-3). A
sequential strategy of W4SS followed by CRP (=5 mg/L) had a lower sensitivity but higher
specificity than W4SS alone. A sequential strategy of W4SS followed by chest X-ray (with any
abnormality) had a sensitivity of 63% (54-71) and specificity of 73% (62-82); we did not

assess this strategy further because of reduced sensitivity compared with W4SS alone.

The sensitivity of W4SS followed by Xpert was 58% (95% CI 50-66; Table 2-3). The
sensitivity of Xpert for all was 68% (95% CI 57-76). The specificities of both strategies -W4SS
followed by Xpert and Xpert for all - were 99% (Table 2-3). The sensitivity of sputum Xpert
Ultra was higher than that of sputum Xpert (73% [95% CI 62-81] vs 57% [47—67]) and
specificities were similar (98% [96-98] and 99% [98—-100]) in the only study (unpublished)

that compared both tests.!”

Direct and indirect comparisons of individual tests were largely similar (appendix Table 8-8);
however, the lower sensitivity and higher specificity of chest X-ray (with any abnormality)

than with W4SS were more pronounced in the direct comparison. Forest plots and summary
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ROC curves for all tests and screening strategies are provided in the appendix (Figure 8-3 and
Figure 8-4). The point estimates for the specificities of CRP (>10 mg/L cutoff) were
numerically higher than those of W4SS in each individual study that had these data (appendix

Figure 8-3). Additional diagnostic accuracy measures are shown in the appendix (Table 8-9).

We assessed how estimates for each test or strategy affected detection rates in a hypothetical
cohort of 1000 PLHIV at different tuberculosis prevalences (appendix Table 8-10). At a
tuberculosis prevalence of 10%, the W4SS would result in 604 rapid diagnostic tests being
needed; CRP (>10 mg/L) would reduce the number of rapid diagnostic tests needed by 293 but
miss five additional tuberculosis cases, and chest X-ray (with any abnormality) would reduce
the number of rapid diagnostic tests needed by 190, but miss ten additional tuberculosis cases
(Figure 2-3; appendix Table 8-10). At 10% prevalence, the WHO-recommended algorithm
(W4SS followed by Xpert) would result in 604 Xpert tests, and Xpert for all would increase
the number of Xpert tests needed by 396 (ie, because all 1000 people would receive an Xpert
test), but it would detect ten additional tuberculosis cases (appendix Table 8-10).

Figure 2-3: Screening outcomes for selected screening tests and strategies in a
hypothetical cohort of 1000 people living with HIV at 10% (all and not on ART) and

5% (on ART) tuberculosis prevalence

ART=antiretroviral therapy. W4SS=WHO-recommended four-symptom screen.
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Indirect comparisons by ART status are shown in the appendix (Table 8-7, Figure 8-2). Most
tests, except chest X-ray and haemoglobin, had lower sensitivity and higher specificity in
outpatients on ART than in outpatients not on ART. In outpatients on ART, a parallel strategy
of W4SS and chest X-ray (with any abnormality) had higher sensitivity than W4SS alone (89%
[95% CI 70-97] vs 53% [35-71]) but lower specificity (33% [17-54] vs 71% [51-85];
appendix Table 8-7). In a hypothetical cohort of 1000 outpatients on ART with 5% tuberculosis
prevalence, this strategy would increase the number of rapid diagnostic tests needed by 378
compared with W4SS alone but detect 18 additional tuberculosis cases (Figure 2-3; appendix
Table 8-10).

In outpatients not on ART, sensitivities for CRP (=10 mg/L) alone (83% [95% CI 79—-86]) and
a sequential strategy of W4SS then CRP (>5 mg/L; 84% [75-90]) were similar to the sensitivity
of W4SS alone (85% [76-91]), but their specificities were higher (67% [60—73] for CRP alone;
64% [57-71] for sequential strategy) than with W4SS alone (37% [25-51]; appendix Table 8-
7). In a hypothetical cohort of 1000 outpatients not on ART with 10% tuberculosis prevalence,
compared with use of W4SS alone, use of CRP (>10 mg/L) would reduce the number of rapid
diagnostic tests needed by 272 but miss two additional tuberculosis cases, and use of the
sequential strategy of W4SS then CRP (=5 mg/L) would reduce the number of rapid diagnostic
tests needed by 244 but miss one additional tuberculosis case (Figure 3; appendix Table 8-10).

Indirect comparisons between each test and W4SS by CD4 cell count are shown in the appendix
(Table 8-7, Figure 8-2). Most tests, except chest X-ray, had lower sensitivity and higher
specificity in participants with CD4 counts of more than 200 cells per pL than those with CD4
counts of 200 cells per pL or lower. Similarly, most tests had lower sensitivity and higher
specificity in pregnant women living with HIV than in the overall population (appendix Table
8-7, Figure 8-2); however, these estimates had suboptimal precision. Indirect and direct
comparisons for the subgroups were largely similar (appendix Tables 8-7 and 8-8). However,
among outpatients on ART, the slightly higher sensitivity of chest X-ray (both with any
abnormality and suggestive of tuberculosis) than of W4SS alone in indirect comparisons was
attenuated in direct comparisons (appendix Table 8-8). Only one study (n=381) among
outpatients on ART assessed CRP (=10 mg/L), for which there was a similar sensitivity and

specificity compared with W4SS alone (appendix Table 8-8).%!

We did sensitivity analyses using two alternative reference standards: culture or Xpert, and

Xpert alone (appendix Table 8-11). Results were largely similar to the main analyses, although
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sensitivities were slightly higher for the reference standard of Xpert alone than for the main
reference standard of culture. In sensitivity analyses directly comparing W4SS followed by
Xpert with CRP (=10 mg) followed by Xpert, both strategies had similar sensitivities and
specificities (appendix Table 8-12).

Egger’s test and meta-regression results are provided in the appendix (Table 8-9), as well as
funnel plots (appendix Figure 8-5). We found no evidence of publication bias (Egger’s test
p>0.05) for most tests. Meta-regression showed that prevalence explained some heterogeneity

in the analyses for several tests, but reference standard type generally did not.

2.5 Discussion

In this systematic review and IPDMA, we found that the sensitivity of CRP (>10 mg/L) was
similar to that of W4SS alone, but its specificity was higher (74% vs 42%). Chest x-ray (with
any abnormality) had lower sensitivity than W4SS alone in direct comparisons, making it less
suitable than a standalone screening test. Cough (lasting >2 weeks), haemoglobin (<10 g/dL),
BMI (<18.5 kg/m?), and lymphadenopathy had high specificities (>80%), but their low
sensitivities also made them less suitable as screening tests than W4SS. The WHO-
recommended algorithm of W4SS then Xpert had a sensitivity of only 58% (95% CI 50—66),
and Xpert for all had a slightly higher sensitivity of 68% (57—76). In one unpublished study,
Xpert Ultra improved sensitivity over Xpert (73% [62-81] vs 57% [47-67]).!"3

Among outpatients on ART, the sensitivity of a parallel strategy of W4SS with chest x-ray (any
abnormality) was higher than that of W4SS alone, but its specificity was lower. At 5%
tuberculosis prevalence, this strategy was estimated to require more than double the number of
rapid diagnostic tests needed compared with W4SS alone but would detect 70% more
tuberculosis cases. Among outpatients not on ART, the sensitivities of CRP (>10 mg/L) and a
sequential strategy of W4SS then CRP (>5 mg/L) were similar to W4SS alone, but specificities
were higher. At 10% tuberculosis prevalence, these strategies would reduce the number of rapid
diagnostic tests needed by 42% for CRP (>10 mg/L) and 37% for W4SS then CRP (>5 mg/L)

compared with W4SS alone but would miss a similar number of tuberculosis cases.

We found that CRP (=10 mg/L) approached the WHO-defined minimum thresholds for a
screening test (with 83% sensitivity and 67% specificity vs WHO’s thresholds of 90%
sensitivity and 70% specificity) for outpatients not on ART.” Efforts to scale-up of access to

WHO-recommended, molecular, rapid diagnostic tests have been slow, particularly in
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decentralised locations.’*!”® CRP testing could allow for broader implementation of rapid
diagnostic tests because its greater specificity means that screening using CRP would require
fewer subsequent rapid diagnostic tests than screening with W4SS. The need for fewer tests
could also reduce laboratory processing time; Xpert can provide a result in less than 2 h, but a
result often takes several days in the real world.’! The high specificity of CRP would reduce
the time to start tuberculosis preventive therapy in PLHIV. Current CRP point-of-care assays
have differing complexities, ranging from qualitative lateral-flow assays that do not require a
power source or refrigeration to quantitative assays that require a small machine.!”” CRP point-
of-care assays can cost approximately US$2 per test, provide results in less than 3 min, and be
performed easily with minimal expertise (blood collected by finger prick). Thus, available

point-of-care assays have the potential for affordable scale-up.

The sensitivity of a parallel strategy incorporating W4SS and chest x-ray was higher than the
sensitivity of other tests or strategies in those on ART; however, the higher number of rapid
diagnostic tests needed might pose a substantial cost burden. Furthermore, a 2016 survey of 14
countries with high HIV-associated tuberculosis burdens found that chest x-ray as a screening
tool was available at only 14% of primary health-care centres.”* We found that the sensitivity
of chest x-ray was not increased in those not on ART and at lower CD4 cell counts of 200 per
uL or lower; the most likely explanation for these findings is that normal chest x-ray images in
patients with pulmonary and extra-pulmonary tuberculosis occur more frequently in those with

advanced immunosuppression than in other PLHIV.”"-180

The low sensitivities of haemoglobin, BMI, and lymphadenopathy make them unsuitable as
screening tests. However, haemoglobin levels below 10 g/dL, a BMI of less than 18.5 kg/m?,
and lymphadenopathy in ambulatory PLHIV should prompt a thorough search for tuberculosis,

given their high specificities and known association with mortality.'8!-182

We found that the WHO-recommended strategy (W4SS followed by Xpert) would miss
approximately 40% of tuberculosis cases. The low yield is a result of the inadequate
sensitivities of both the W4SS and Xpert. Approximately 20% of PLHIV with tuberculosis will
be missed with W4SS and thus have subclinical tuberculosis, 56—75% of whom will probably
progress to symptomatic disease.'®>!8¢ Although Xpert for all would still miss approximately
33% of tuberculosis cases, Xpert Ultra showed improved sensitivity over Xpert in one study.'”?

Xpert Ultra costs the same as Xpert, and the point-of-care GeneXpert Omni platform might

allow its use at decentralized locations. Further research is needed to assess this approach.
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Our study has limitations. First, we did not have adequate precision in some analyses for
outpatients on ART and pregnant PLHIV. Specifically, we had little data on CRP in PLHIV on
ART. Furthermore, there was a paucity of data on countries other than South Africa, where
almost half of all included studies were done, and which might be more urbanised than other
low-income and middle-income countries. Second, we largely excluded participants who were
unable to produce a sputum sample, meaning our findings might not generalise to this group.
Few studies also systematically included extra-pulmonary tuberculosis samples, meaning our
results are more applicable to pulmonary tuberculosis. However, pulmonary tuberculosis
probably comprises most tuberculosis cases in an ambulatory screening setting. Third, we used
an imperfect reference standard, because sputum culture, which was all that was done in most
of the included studies, should ideally comprise multiple samples collected in the early morning
to maximise sensitivity, but this was not done in any of our included studies. Fourth, although
direct comparison minimises confounding, these analyses involved fewer studies and reduced
precision. Fifth, we were unable to obtain IPD from three studies. However, these studies
comprised only approximately 8% of data. Sixth, only one study assessed Xpert Ultra,!”* and
we did not assess non-Xpert nucleic acid amplification tests. Seventh, our study findings might
not be generalisable to children with HIV and they might not be generalisable to all settings
because most included studies were done in settings with high tuberculosis prevalence. Test
performance might also vary in the context of regular screening. Finally, although calculations
based on a hypothetical cohort give insight into consequences of testing, they were often based

on heterogenous results.

Findings from this study have informed the updated 2021 WHO tuberculosis screening
guidelines in PLHIV.'3> Compared with W4SS, CRP reduces the need for additional rapid
diagnostic tests without compromising sensitivity, but there was a paucity of data for
outpatients on ART. In outpatients not on ART, CRP assays could be used as a standalone
screening test or combined with W4SS in a sequential strategy. In outpatients on ART, chest
x-ray could be used in parallel with W4SS, depending on available resources, because this
strategy detects more tuberculosis cases than does W4SS alone. Overall, the WHO-
recommended screening and diagnostic algorithm (W4SS followed by Xpert) has suboptimal
sensitivity; Xpert for all offers small improvements in sensitivity and would be resource
intensive. Future research is needed to assess the utility of CRP screening in outpatients on
ART and Xpert Ultra in all PLHIV, and to investigate the cost-effectiveness of different

screening tests and strategies. Because no test or strategy met both WHO-defined minimum
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sensitivity and specificity thresholds, improved screening tests for tuberculosis need to be

developed for this population.

2.6 Contributors
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and GMe contributed data to the meta-analysis. AD analysed the data with assistance from
APK, DAB, and YHam. AD and GMa wrote the first draft of the manuscript, which was
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data. All authors approved the final version of the manuscript.
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CHAPTER 3: TUBERCULOSIS SCREENING AMONG HIV-POSITIVE
INPATIENTS: A SYSTEMATIC REVIEW AND INDIVIDUAL
PARTICIPANT DATA META-ANALYSIS

This study is published in The Lancet HIV:

Dhana AV, Hamada Y, Kengne AP, Kerkhoff AD, Rangaka MX, Kredo T, Baddeley A,
Miller C, Gupta-Wright A, Fielding K, Wood R, Huerga H, Riicker SCM, Heidebrecht C,
Wilson D, Bjerrum S, Johansen IS, Thit SS, Kyi MM, Hanson J, Barr DA, Meintjes G,
Maartens G.

“Tuberculosis screening among HIV-positive inpatients: a systematic review and individual
participant data meta-analysis”

The Lancet HIV. 2022 Apr;9(4):e233-e241
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3.1 Abstract

Background Since 2011, WHO has recommended that HIV-positive inpatients be routinely
screened for tuberculosis with the WHO four-symptom screen (W4SS) and, if screened
positive, receive a molecular WHO-recommended rapid diagnostic test (eg, Xpert MTB/RIF
[Xpert] assay). To inform updated WHO tuberculosis screening guidelines, we conducted a
systematic review and individual participant data meta-analysis to assess the performance of
WA4SS and alternative screening tests to guide Xpert testing and compare the diagnostic
accuracy of the WHO Xpert algorithm (ie, W4SS followed by Xpert) with Xpert for all HIV-

positive inpatients.

Methods We searched MEDLINE, Embase, and Cochrane Library from Jan 1, 2011, to March
1, 2020, for studies of adult and adolescent HIV-positive inpatients enrolled regardless of
tuberculosis signs and symptoms. The separate reference standards were culture and Xpert.
Xpert was selected since it is most likely to be the confirmatory test used in practice. We
assessed the proportion of inpatients eligible for Xpert testing using the WHO algorithm;
assessed the accuracy of W4SS and alternative screening tests or strategies to guide diagnostic
testing; and compared the accuracy of the WHO Xpert algorithm (W4SS followed by Xpert)
with Xpert for all. We obtained pooled proportion estimates with a random-effects model,
assessed diagnostic accuracy by fitting random-effects bivariate models, and assessed
diagnostic yield descriptively. This systematic review has been registered on PROSPERO
(CRD42020155895).

Findings Of 6162 potentially eligible publications, six were eligible and we obtained data for
all of the six publications (n=3660 participants). The pooled proportion of inpatients eligible
for an Xpert was 90% (95% CI 89-91; n=3658). Among screening tests to guide diagnostic
testing, W4SS and C-reactive protein (=5 mg/L) had highest sensitivities (=96%) but low
specificities (<12%); cough (>2 weeks), haemoglobin concentration (<8 g/dL), body-mass
index (<18-5 kg/m?2), and lymphadenopathy had higher specificities (61-90%) but suboptimal
sensitivities (12—57%). The WHO Xpert algorithm (W4SS followed by Xpert) had a sensitivity
of 76% (95% CI 67-84) and specificity of 93% (88-96; n=637). Xpert for all had similar
accuracy to the WHO Xpert algorithm: sensitivity was 78% (95% CI 69-85) and specificity
was 93% (87-96; n=639). In two cohorts that had sputum and non-sputum samples collected
for culture or Xpert, diagnostic yield of sputum Xpert was 41-70% and 61-64% for urine
Xpert.
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Interpretation The W4SS and other potential screening tests to guide Xpert testing have
suboptimal accuracy in HIV-positive inpatients. On the basis of these findings, WHO now
strongly recommends molecular rapid diagnostic testing in all medical HIV-positive inpatients

in settings where tuberculosis prevalence is higher than 10%.
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3.2 Introduction

Tuberculosis is the leading cause of hospital admission and in-hospital deaths in people living
with HIV.!8 In a meta-analysis of autopsy studies among people living with HIV, almost
50% of tuberculosis-related deaths were undiagnosed at autopsy.'? The diagnosis of
tuberculosis among HIV-positive inpatients is challenging. HIV-positive inpatients are
typically severely immune suppressed with disseminated or extrapulmonary tuberculosis,
might have a non-specific clinical presentation, and often produce paucibacillary
specimens.”® Furthermore, a large proportion (31-63%) of inpatients are unable to produce

sputum for diagnostic testing.'%1%-2°

Since 2011, WHO has recommended that people living with HIV (including HIV-positive
inpatients) be routinely screened for tuberculosis with the WHO four-symptom screen
(W4SS; comprising current cough, fever, night sweats, or weight loss);*? if the W4SS is
positive, an inpatient should then receive a molecular WHO-recommended rapid diagnostic

test (eg, Xpert MTB/RIF [Xpert] or Xpert MTB/RIF Ultra [Xpert Ultra]).'®’

Rapid tuberculosis diagnostic testing with Xpert in all HIV-positive inpatients in high-burden
settings might be more appropriate than pre-screening with the W4SS to assess eligibility for
Xpert testing. The W4SS was developed following an individual participant data meta-
analysis in ambulatory patients with HIV.% However, W4SS might have low specificity in
inpatients since HIV-related opportunistic diseases often present with one or more of the
W4SS symptoms.'*! Furthermore, the diagnostic accuracies of alternative screening tests or

strategies are not well known.

We conducted a systematic review and individual participant data meta-analysis of HIV-
positive inpatients admitted to hospital irrespective of signs and symptoms of tuberculosis to
inform updated WHO tuberculosis screening guidelines.'® First, we calculated the proportion
of inpatients eligible for rapid tuberculosis diagnostic testing with Xpert using the WHO
algorithm (W4SS followed by Xpert). Second, we assessed the diagnostic accuracy of the
WA4SS and other tuberculosis screening tests or strategies to guide diagnostic testing. Third,
we compared the diagnostic accuracy of the WHO Xpert algorithm (W4SS followed by
Xpert) with Xpert for all inpatients. Fourth, we calculated the diagnostic yield of Xpert (ie,

proportion of total tuberculosis cases with a positive Xpert test).
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3.3 Methods

Search strategy and selection criteria

We used similar methods to our recent individual participant data meta-analysis on
tuberculosis screening among people living with HIV who were in ambulatory care.'®® Two
authors (AD and YH) independently selected studies, extracted data, and assessed study

quality. Disagreements were resolved by discussion.

We updated the search of the systematic review by Hamada and colleagues,®* who searched
PubMed (MEDLINE), Embase, Cochrane Library, and conference abstracts from Jan 1, 2011
(the year WHO first recommended the W4SS be used), to March 12, 2018 (appendix Table 8-
13). We re-reviewed all potential full-texts from Hamada and colleagues® to identify eligible
studies. We also applied the same search strategy from Hamada and colleagues®’ for articles
published between March 12, 2018, and March 1, 2020. We also reviewed reference lists of

reviews and included articles, and we contacted experts for unpublished studies.

We reviewed titles and abstracts from the search and reviewed full-texts of potentially
eligible articles. We included cross-sectional studies, observational studies, and randomised
trials that collected at least one sputum sample for tuberculosis culture or Xpert among adult
and adolescent (aged 10 years or older) inpatients who were HIV-positive and who were
enrolled regardless of tuberculosis signs and symptoms (but with data on W4SS). The target

condition was active tuberculosis.

The two separate reference standards were bacteriological confirmation of Mycobacterium
tuberculosis with culture of sputum or other samples, or Xpert of sputum or other samples.
Xpert was selected post hoc despite its suboptimal sensitivity because it is recommended by
WHO and is the most used confirmatory test in practice (as opposed to culture). WHO
recommends assessing screening or triage tests against currently recommended confirmatory
tests.”” Only studies that collected culture contributed to the WHO guidelines'®® with two

additional studies added to this meta-analysis after guideline development.'3:!%

We included primary datasets that allowed us to compare the W4SS with alternative
screening tests and strategies, and the WHO Xpert algorithm (W4SS followed by Xpert) with
rapid tuberculosis diagnostic testing in all HIV-positive inpatients using Xpert. In this Article,
a screening test was defined as a test done to assess whether an inpatient requires additional

testing for bacteriological confirmation of tuberculosis (eg, with a rapid molecular diagnostic
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test or culture) and a diagnostic test was defined as a test that would provide bacteriological
confirmation. The systematic screening tests we examined were the W4SS, C-reactive protein
concentration (CRP; 10 mg/L [considered the upper limit of normal],®® 5 mg/L, and 8 mg/L
thresholds), chest x-ray, cough lasting 2 weeks or more, haemoglobin concentration (<10
g/dL and <8 g/dL), body-mass index (<18.5 kg/m?), and lymphadenopathy. We also
examined several parallel strategies (two screening tests offered at the same time) to improve
sensitivity and sequential strategies (second screening test offered only if the first screening
test is positive) to improve specificity. Finally, the systematic rapid tuberculosis diagnostic
tests that we examined were Xpert and Xpert Ultra (although no included study assessed
Xpert Ultra).

We excluded studies that had a case-control design, that only recruited HIV-positive
inpatients with presumptive tuberculosis, and that recruited participants who were already on

tuberculosis treatment or currently diagnosed with active tuberculosis.

We have reported our findings according to PRISMA-IPD and PRISMA-DTA
statements.'*®!%’ The protocol for this study was approved by the University of Cape Town
human research ethics committee. For each included study, participants gave written

informed consent and investigators obtained ethics committee approval.

Data extraction, study quality, and individual participant data synthesis

Using a standardised data extraction form, we extracted study-level information on first
author, publication year, study period, country, setting, exclusion criteria, study design, type
of participants, and method of tuberculosis diagnosis. To assess quality of studies included in
proportion meta-analyses, we modified a tool designed to assess study quality in systematic
reviews addressing prevalence measures.'”° To assess quality of diagnostic test accuracy
studies, we used the Quality Assessment of Diagnostic Accuracy Studies-2 tool to assess

patient selection, index test, reference standard, and flow and timing.'>°

We emailed authors of eligible datasets with an invitation to contribute individual participant
data. After consultation with WHO and our study group, we prespecified variables to be
collected (appendix Table 8-14). We standardised individual participant data and then
synthesised a single dataset. We excluded study participants younger than 10 years and
considered contaminated cultures as negative. We ensured individual participant data

integrity for each dataset by checking information against study publications and checking for
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missing, duplicate, invalid, and implausible items.!*""'>> We contacted the corresponding

authors of each study to resolve discrepancies.

Data analyses
We analysed individual participant data in two-stages. Individual participant data were first
analysed separately in each study and reduced to aggregate data, which we then pooled using

meta-analytical techniques.

First, we estimated tuberculosis prevalence, proportion of inpatients eligible for Xpert testing
according to the WHO algorithm (ie, proportion of inpatients with a positive W4SS), and
measures of diagnostic performance (eg, sensitivity and specificity) for individual studies.
Second, we pooled tuberculosis prevalence and proportion of inpatients eligible for Xpert
testing using a generalised linear mixed model with logit transformation.'>* We assessed
heterogeneity with Cochran’s Q test and I? statistic.!>* We pooled measures of diagnostic
performance (sensitivity and specificity) in a bivariate generalised linear mixed model.!*’ For
these analyses, we excluded HIV-positive inpatients with no data on the reference standard or
index test. When there were fewer than four studies or non-convergence, we assumed no
correlation between measures of sensitivity and specificity to simplify the model.!>> When all
studies had 100% sensitivity or specificity, we computed binomial 95% CIs. We showed the
absolute pooled sensitivity and specificity using summary receiver-operating characteristic
curves.!*® To compare test accuracy, we did indirect comparisons (based on all studies that
evaluated at least one of the tests of interest) and direct comparisons (based on studies that
evaluated both tests of interest). For direct comparisons, we did a bivariate meta-regression
with test-type as a covariate. Due to the variation of tuberculosis prevalence across studies,
we applied pooled accuracy estimates to a hypothetical cohort of 1000 individuals for each
screening test or strategy using Bayes’ theorem. We also calculated the diagnostic yield of
Xpert using a post-hoc analysis; diagnostic yield of Xpert was defined as the proportion of
total microbiologically confirmed tuberculosis cases (using culture or Xpert) with a positive

diagnostic test.

In sensitivity analyses, we assessed diagnostic accuracy using two other reference standards
of combined culture or Xpert, and combined culture or Xpert among datasets that collected
sputum for culture. We did not explore heterogeneity with meta-regression or assess for
publication bias since few studies were included in each analysis. All meta-analyses were

done using /me4, altmeta, meta, metafor, and mada packages in R (version 3.6.1).
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This systematic review has been registered on PROSPERO (CRD42020155895).

Role of the funding source
The funder (WHO) had a role in study design; data collection, analysis, and interpretation;

and writing the report.

3.4 Results

Of 6162 publications found, six were eligible, and individual participant data were obtained
for all six studies (n=3660; Figure 3-1).!320.17418%19L192 The characteristics of included studies
are shown in the appendix (Table 8-15). The included studies collected data from 2012 to
2017. All studies recruited inpatients from medical wards (one study recruited from an
infectious disease ward). Five studies were done in sub-Saharan Africa and one in Asia.
Studies systematically collected sputum for culture (four studies), sputum for Xpert (six
studies), and urine for Xpert (two studies). We judged risk of bias for six studies that
contributed to the proportion meta-analysis (appendix Table 8-16). For the response rate
domain, risk of bias was judged to be high for two studies that had a response rate of less than
80%. We judged risk of bias for four studies that contributed to the diagnostic meta-analysis
with culture as reference standard (appendix Table 8-17). For the reference test domain, risk
of bias was judged to be high for three studies that did not obtain extrapulmonary samples for
testing. The appendix (Table 8-18) shows missing data by study. In three studies that did not

exclude participants who could not produce sputum samples, !320:1%

sputum Xpert was
missing for 35-54% of participants, mostly because inpatients were unable to produce a

sputum sample, whereas urine Xpert was missing for 2% or less participants.
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Figure 3-1: Study selection

6162 studies screened against 5918 studies excluded
title and abstract

l

244 studies assessed for full-text 238 full-text articles excluded
cligibility 90 specimens obtained only from participants
with symptoms
35 no data on WHO four-symptom screen
28 duplicated data
24 incligible reference standard
23 outpatient population
10 retrospective study
9 review articles or editorials
7 community study
9 insufficient or irrelevant data
2 only participants with tuberculosis
1 case-control study

\ 4

v

6 studies for which data were
sought

A\ 4

6 studies included in meta-
analysis
n=3,660

Participant characteristics overall are shown in Table 3-1 and by study in the appendix (Table
8-19). The median age of participants was 37 (IQR 31-45) years, 2104 (58%) of 3659
participants were women, and 2445 (67%) of 3642 participants were receiving ART. The
median CD4 count was 205 (IQR 66—408) cells per uL. We did not collect data on ethnicity.
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Table 3-1: Summary of main characteristics of participants

Variable Count ("(/:é);r) median Nt
Participants 3660 (100)
Demographics
Age (years) 37 (31-45) 3660
Female 2104 (58) 3659
HIV history
On ART 2445 (67) 3642
CD4 count (cells/uL) 205 (66-408) 3479
CD4 <=200 cells/pL 1709 (49) 3479
Clinical characteristics
History of tuberculosis 902 (28) 3268
W4ss* 3306 (90) 3658
Cough 1945 (53) 3655
Fever 1969 (54) 3652
Weight loss 2638 (72) 3651
Night sweats 1490 (41) 3652
Cough >= 2 weeks 765 (24) 3172
Lymphadenopathy 58 (11) 508
Tuberculosis diagnostic tests
Total Xpert positive** 401 (14) 2957
Total culture positive** 157 (23) 674
Imaging and laboratory tests
CXR (abnormal) 130 (59) 220
BMI (kg/m2) 20 (18-24) 2966
CRP (mg/L) 75 (18-157) 400
CRP (>=10 mg/L) 334 (84) 400
Hb, Median (g/dL) 10 (8-12) 3481
Hb (<10 g/dL) 1574 (45) 3481

tParticipants with data available for variable
*W4SS defined as one or more of the following: current cough, fever, night sweats, or weight loss
**Sputum and/or non-sputum result

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive
protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen

Among the four studies that collected sputum for culture, the pooled tuberculosis prevalence
was 20% (95% CI 13-28; n=674) with culture as a reference standard and 25% (18-33;
n=699) with culture or Xpert as a reference standard. Among six studies, the pooled
proportion of inpatients with a positive W4SS (i.e., inpatients eligible for Xpert testing
according to the WHO algorithm) was 90% (89-91; n=3658); proportion estimates for
individual studies ranged from 85% to 100% (Figure 3-2).
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Figure 3-2: Random-effects meta-analysis of proportion of HIV-positive inpatients with
positive WHO four symptom screen (ie, proportion eligible for Xpert according to

WHO algorithm)

Xpert=Xpert MTB/RIF.

Plots of sensitivity and specificity for each screening test or strategy are shown in Figure 3-3.
Indirect comparisons are shown in Table 3-2. For individual tests, the sensitivities of W4SS
and CRP (=5 mg/L) were highest, but the specificities were low. Cough (>2 weeks),
haemoglobin concentration (<8 g/dL), body-mass index (<18-5 kg/m?), and
lymphadenopathy had moderate to high specificities, but low sensitivities, making them
unsuitable to be explored as screening tests. Data on chest x-ray was sparse. In strategies that

combined W4SS with CRP concentration, sensitivities were high, but specificities were low.
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Figure 3-3: Pooled sensitivity and specificity along with 95% ClIs for each screening test

or strategy for the detection of tuberculosis using reference standards of culture or

Xpert

For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is
offered only if the first screening test is positive. Dashed lines indicate WHO’s minimum requirements for a tuberculosis
screening test (90% sensitivity and 70% specificity). BMI=body-mass index. CRP=C-reactive protein. W4SS=WHO four-
symptom screen. Xpert=Xpert MTB/RIF.
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Table 3-2: Indirect comparisons of the diagnostic accuracy (pooled sensitivity and
specificity) for each screening test or strategy for the detection of tuberculosis using

reference standards of culture or Xpert

Culture Xpertt
No of N Sensitivity (95% | Specificity (95% No of N Sensitivity (95% | Specificity (95%
studies Cl) Cl) studies Cl) Cl)
Screening test/strategy
w4ss 4 672 98 (92-99) 7 (3-16) 6 2176 98 (95-99) 10 (8-13)
CRP (>=10 mg/L) 1 400 97 (91-99) 21 (17-26) 1 395 94 (87-97) 20 (16-25)
CRP (>=8 mg/L) 1 400 97 (91-99) 18 (14-23) 1 395 94 (87-97) 17 (14-22)
CRP (>=5 mg/L) 1 400 98 (93-100) 12 (9-17) 1 395 96 (91-99) 12 (9-16)
CXR (abnormal) 1 52 75 (24-97) 44 (31-58) 2 176 69 (41-88) 40 (33-48)
Cough (any) 4 669 79 (59-91) 43 (31-56) 6 2173 84 (70-92) 46 (38-54)
Cough (>=2 weeks) 3 608 29 (15-49) 80 (50-94) 4 1860 42 (20-68) 81 (64-91)
Hb (<10 g/dL) 3 527 77 (69-84) 41 (28-55) 5 2015 71 (63-78) 48 (39-57)
Hb (<8 g/dL) 3 527 55 (46-63) 67 (53-79) 5 2015 48 (42-54) 74 (67-80)
BMI (<18.5 kg/m?) 2 112 57 (32-79) 62 (52-71) 4 1553 50 (40-60) 61 (49-71)
Lymphadenopathy 2 123 12 (3-37) 87 (79-92) 3 337 24 (14-38) 90 (86-93)
\rInV;/SLS)“or CRP (>=10 1 399 | 100 (93-100) 5(3-8) 1 394 100 (93-100) 5(3-8)
WA4SS or CXR (abnormal)f 1 52 90 (33-99) 7 (3-19) 2 176 93 (50-99) 4 (2-9)
W4SS then CRP (>=5 1 399 95 (89-98) 20 (16-25) 1 394 94 (87-97) 20 (16-25)
mg/L)Y
Algorithmtt
WHO Xpert algorithm§* 4 637 76 (67-84) 93 (88-96) - - - -
Xpert alone* 4 639 78 (69-85) 93 (87-96) - - - -

TIn one study by Gupta-Wright (2018), only the intervention arm was included since sputum Xpert and urine Xpert were available, while in the
standard of care arm urine Xpert was unavailable and sputum Xpert was only available for 779/1287 (61%) of participants.

q[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the
first screening test is positive

ttFor Xpert alone, the comparator is the WHO Xpert algorithm

§According to WHO Xpert algorithm, Xpert testing is advised if an inpatient has a positive W4SS (defined as one or more of the following:
current cough, fever, night sweats, or weight loss).

*Accuracy measures for entire algorithm using sputum and/or urine Xpert result. Alternative algorithms are W4SS then single sputum Xpert (4
studies; 375 participants; sensitivity 78 (57-91), specificity 97 (94-99), single sputum Xpert alone (4 studies; 375 participants; sensitivity 78 (55-
91), specificity 97 (93-99), and urine Xpert alone (1 study; 411 participants; sensitivity 59 (50-68), specificity 91 (88-94).

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-
symptom screen

Direct comparisons of individual tests were mostly similar to indirect comparisons (appendix
Table 8-20). Forest plots and summary receiver operating characteristics curves are provided
in the appendix (Figures 8-6 and 8-7). The appendix (Table 8-21) shows how estimates for
each test or strategy affect a hypothetical cohort of 1000 HIV-positive inpatients at different
tuberculosis prevalences. No individual test offered an optimal trade-off between tuberculosis
cases missed and Xpert tests required (appendix Figure 8-8). In sensitivity analyses using
alternative reference standards, results were largely similar to the main analyses (appendix

Table 8-22).

The sensitivity of the WHO Xpert algorithm (W4SS followed by Xpert) was 76% (95% CI
67-84) and specificity was 93% (88—96; n=637; Table 3-2). The diagnostic accuracy of Xpert
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for all was similar to the WHO Xpert algorithm— sensitivity was 78% (69-85) and
specificity was 93% (87-96; n=639). In a hypothetical cohort of 1000 HIV-positive inpatients
at 20% tuberculosis prevalence, the WHO Xpert algorithm would result in 940 Xpert tests,
but miss 48 tuberculosis cases; Xpert for all 1000 HIV-positive inpatients would miss 44

tuberculosis cases (appendix Table 8-21).

The appendix (Table 8-23) shows diagnostic yield using different diagnostic tests and sample
types. In one cohort that collected sputum and non-sputum samples for Xpert and culture,?
sputum Xpert diagnosed only 57 (41%) of all 139 tuberculosis cases (195 [46%] of 420
inpatients were unable to produce a sputum sample), whereas combined concentrated and
unconcentrated urine Xpert diagnosed 89 (64%) of all 139 cases; concentrating urine
increased diagnostic yield over not concentrating urine, from 42% to 59%. Sputum Xpert
combined with urine Xpert diagnosed 116 (83%) of all 139 cases in the same cohort. In one
cohort that collected sputum Xpert and concentrated urine Xpert, sputum Xpert diagnosed 85
(70%) of 122 tuberculosis cases and urine Xpert diagnosed 74 (61%) of 122 cases.'® Across
all studies, Xpert was positive in six (2%) of 251 inpatients who had available Xpert results
but were ineligible for Xpert testing according to the WHO Xpert algorithm.

3.5 Discussion

In this individual participant data meta-analysis, we found that almost all HIV-positive
inpatients in high-burden settings were eligible for Xpert testing using the WHO algorithm.
W4SS and CRP concentration (>5 mg/L) had the highest sensitivities of all screening tests
evaluated to guide diagnostic testing, but specificities were low. Other screening tests had
low sensitivities or wide 95% Cls. The WHO screening and diagnostic algorithm (ie, W4SS
followed by Xpert) had a sensitivity of 76%; Xpert for all inpatients had similar sensitivity
(78%). On the basis of these findings, WHO has made a strong recommendation to do
molecular rapid diagnostic testing in all HIV-positive inpatients in high-burden settings

(>10% tuberculosis prevalence).

We found that all screening tests and strategies to guide additional diagnostic testing fell
short of WHO-defined minimum thresholds (90% sensitivity and 70% specificity) in this
population.” The specificity of W4SS in our study was only 7—10%, which is substantially
lower than its specificity among outpatients on ART (71%) and not on ART (37%).'*® The

low specificity of CRP concentration for tuberculosis in this cohort is consistent with findings
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from other cohorts of symptomatic HIV-positive inpatients.'*>!°* By contrast, CRP
concentration has shown an improved specificity (67%) over W4SS in unselected outpatients
not on ART."®® The low specificities of W4SS and CRP concentration are likely to be due to
the high prevalences of other opportunistic diseases in patients without tuberculosis in this
patient population. Both W4SS and CRP concentration met the minimum WHO sensitivity
threshold of 90%. However, even at this high sensitivity, the W4SS and CRP concentration
would miss roughly one in 50 tuberculosis cases. Given the high tuberculosis prevalence and
the high mortality associated with missed diagnosis in inpatients in such settings, a small loss

in sensitivity might be unacceptable.

Sputum Xpert alone had a low yield because many inpatients had difficulty producing
sputum for testing. Urine-based Xpert testing might have an important role in diagnosing
inpatients who are unable to produce sputum. We found that 35-54% of participants could
not produce sputum for Xpert testing. In one cohort, sputum Xpert combined with urine
Xpert diagnosed 83% of all cases, whereas sputum Xpert diagnosed only 41% of cases.?’ In
the same cohort, urine Xpert had a higher yield than sputum Xpert,?’ but the opposite was

true in another cohort.'®

There are several reasons to consider rapid diagnostic testing for tuberculosis with Xpert in
all HIV-positive inpatients. First, since almost all inpatients with HIV met WHO eligibility
requirements for Xpert testing, universal testing might reduce diagnostic complexity. Second,
we found that Xpert was positive in 2% of HIV-positive inpatients who did not meet
eligibility for testing. Third, in the real world, not all HIV-positive inpatients who qualify for
Xpert testing might ultimately receive a test; for example, two of the included studies in this
meta-analysis reported a positive W4SS in 90% or more HIV-positive inpatients, but
clinicians identified only 38—64% as having possible tuberculosis after clinical
assessment.'®13? Fourth, since the W4SS is also used to assess eligibility for lateral flow urine
lipoarabinomannan assay (LF-LAM) in HIV-positive inpatients, both routine Xpert and LF-
LAM diagnostic testing might also be considered in this population. For instance, the
STAMP trial showed a reduction in all-cause mortality among unselected HIV-positive
inpatients when routine LF-LAM and urine Xpert were done in addition to routine sputum
Xpert.'"* Combined use of Xpert and LF-LAM has also been shown to improve diagnostic
yield over either test alone in tuberculosis bloodstream infection, which predicts mortality.!*>

By contrast, obtaining Xpert samples in all HIV-positive inpatients might have a negative
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effect on infection control, human resources, laboratory capacity, and cost. However, since
almost all inpatients already qualify for Xpert testing using the WHO criteria, Xpert testing in

all inpatients would have a small effect on costs.

Although our findings support universal Xpert testing, this strategy would still miss more
than 20% of culture-positive cases. Thus, aside from LF-LAM, additional diagnostic
approaches that incorporate clinical symptoms and signs, radiological tests (eg, chest x-ray
and abdominal ultrasound), and laboratory tests (e.g., haemoglobin concentration) still have
an important role in inpatients with a negative Xpert test.”>!21:19197 Newer technologies
might also substantially close this diagnostic gap. For example, Xpert Ultra and Fujifilm
SILVAMP TB-LAM (FujiLAM) have shown increased sensitivity compared with Xpert and
current LF-LAM tests.***37 In a recent systematic review, Xpert Ultra increased sensitivity
over Xpert by 13% (88% vs 75%) in sputum samples from people living with HIV.*
However, Xpert Ultra’s lower specificity might have implications for universal Xpert Ultra

testing because inpatients without tuberculosis could be classified as having tuberculosis.

Our study has limitations. First, most data were acquired in sub-Saharan Africa; the
generalisability of this study to other geographical regions and low tuberculosis prevalence
settings is unclear. Second, although we obtained and included data for all published studies
identified by our search, some screening tests had wide 95% ClIs because of sparse data. This
limitation highlights the need for additional diagnostic accuracy studies among HIV-positive
inpatients irrespective of tuberculosis signs and symptoms. Furthermore, no study evaluated
Xpert Ultra and we did not assess other molecular WHO-recommended rapid diagnostic
tests.'”® Third, some studies only included participants able to produce sputum and did not
collect extrapulmonary samples for culture or Xpert; two studies also did not collect culture
samples. Since inpatients often present with extrapulmonary or disseminated tuberculosis and
produce paucibacillary sputum samples, the reference standard in these studies might have
introduced bias, underestimating the specificity and overestimating the sensitivity of existing
algorithms. However, our results were consistent across several reference standards: culture,
combinations of culture and Xpert, and Xpert (which is the currently recommended
confirmatory test). Furthermore, estimates of the proportion of inpatients eligible for Xpert
were based on data with higher methodological quality, since these analyses did not require a
reference standard. Fourth, the small number of included studies precluded investigation of

heterogeneity. Fifth, tuberculosis prevalence estimates in this Article are likely to be

70



underestimates because of the limitations of our reference standard. Sixth, disseminated
disease is more common at low CD4 counts, but we did not do analyses by CD4 count.
However, HIV-positive inpatients typically present with advanced immunosuppression, and
disseminated disease is not uncommon at higher CD4 counts in this population.?® Finally, our
calculations for a hypothetical cohort should be treated with caution because they were based
on diagnostic accuracy results derived from few participants, some of whom had an imperfect

reference standard done.

In conclusion, our findings have informed the 2021 WHO recommendation to do molecular
rapid diagnostic testing (eg, with Xpert) in all HIV-positive inpatients in high-burden settings
(>10% tuberculosis prevalence).'®> More accurate initial screening tests to guide additional
diagnostic testing in HIV-positive inpatients need to be developed since current screening
tests have suboptimal accuracy and hospitals in resource-limited settings might be unable to
do systematic diagnostic testing in all HIV-positive inpatients. Although routine molecular
rapid diagnostic testing might reduce the current diagnostic gap, a negative result still does
not rule out tuberculosis. Xpert Ultra could additionally bridge the diagnostic gap and

requires evaluation in unselected HIV-positive inpatients.

3.6 Contributors

AD, YH, APK, ADK, MXR, TK, AB, CM, DAB, GMe, and GMa designed the study and
protocol and interpreted the results. GaM supervised the study. AD and YH did the
systematic review. ADK, AG-W, KF, RW, HH, SCMR, CH, DW, SB, ISJ, SST, MMK, and
JH contributed data to the meta-analysis. AD analysed the data with assistance from APK,
DAB, and YH. AD and GMa wrote the first draft of the manuscript, which was revised on the
basis of comments from coauthors. AD, DAB, and YH accessed and verified the data. All
authors had full access to all the data in the study and had final responsibility for the decision

to submit for publication. All authors approved the final version of the manuscript.
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Chapter 4: DIAGNOSTIC ACCURACY OF WHO SCREENING
CRITERIA TO GUIDE LATERAL-FLOW LIPOARABINOMANNAN
TESTING AMONG HIV POSITIVE INPATIENTS: A SYSTEMATIC
REVIEW AND INDIVIDUAL PARTICIPANT DATA META-
ANALYSIS

This study is published in The Journal of Infection:
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SS, Kyi MM, Hanson J, Barr DA, Meintjes G, Maartens G

“Diagnostic accuracy of WHO screening criteria to guide lateral-flow lipoarabinomannan
testing among HIV positive inpatients: a systematic review and individual participant data
meta-analysis”
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4.1 Abstract

Background: WHO recommends urine lateral-flow lipoarabinomannan (LF-LAM) testing
with AlereLAM in HIV-positive inpatients only if screening criteria are met. We assessed the
performance of WHO screening criteria and alternative screening tests/strategies to guide LF-
LAM testing and compared diagnostic accuracy of the WHO AlereLAM algorithm (WHO
screening criteria followed by AlereLAM if screen positive) with AlereLAM and FujiLAM (a
novel LF-LAM test) testing in all HIV-positive inpatients.

Methods: We searched MEDLINE, Embase, and Cochrane Library from Jan 1, 2011 to
March 1, 2020 for studies among adult/adolescent HIV-positive inpatients regardless of
tuberculosis signs and symptoms. The reference standards were (1) AlereLAM or FujiLAM
for screening tests/strategies and (2) culture or Xpert for AlereLAM/FujiLAM. We
determined proportion of inpatients eligible for AlereLAM using WHO screening criteria;
assessed accuracy of WHO criteria and alternative screening tests/strategies to guide LF-
LAM testing; compared accuracy of WHO AlereLAM algorithm with AlereLAM/FujiLAM
testing in all; and determined diagnostic yield of AlereLAM, FujiLAM, and Xpert MTB/RIF
(Xpert). We estimated pooled proportions with a random-effects model, assessed diagnostic

accuracy using random-effects bivariate models, and assessed diagnostic yield descriptively.

Findings: We obtained data from all 5 identified studies (n = 3,504). The pooled proportion
of inpatients eligible for AlereLAM using WHO criteria was 93% (95%CI 91, 95). Among
screening tests/strategies to guide LF-LAM testing, WHO criteria, C-reactive protein (=5
mg/L), and CD4 count (<200 cells/ pL) had high sensitivities but low specificities; cough (
>2 weeks), hemoglobin (<8 g/dL), body mass index (<18.5 kg/m 2 ), lymphadenopathy, and
WHO-defined danger signs had higher specificities but suboptimal sensitivities. AlereLAM
in all had the same sensitivity (62%) and specificity (88%) as WHO AlereLAM algorithm.
Sensitivity of FujiLAM and AlereLAM was 69% and 48%, while specificity was 88% and
96%, respectively. In 2 studies that collected sputum and non-sputum samples for Xpert
and/or culture, diagnostic yield of sputum Xpert was 40—41%, AlereLAM was 39-76%, and
urine Xpert was 35-62%. In one study, FujiLAM diagnosed 80% of tuberculosis cases (vs
39% for AlereLAM), and sputum Xpert combined with AlereLAM, urine Xpert, or FujiLAM
diagnosed 61%, 81%, and 92% of all cases, respectively.
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Interpretation: WHO criteria and alternative screening tests/strategies have limited utility in
guiding LF- LAM testing, suggesting that AlereLAM testing in all HIV-positive medical

inpatients be implemented. Routine FujiLAM may improve tuberculosis diagnosis.
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4.2 Introduction

Tuberculosis is the leading cause of hospitalization among people living with HIV (PLHIV)
and is responsible for nearly 40% of in-hospital deaths.'>!*® Almost 50% of tuberculosis is
undiagnosed at autopsy in PLHIV.!? The diagnosis of tuberculosis in HIV-positive inpatients
is challenging: inpatients typically have advanced immunodeficiency with disseminated or
extrapulmonary disease, often produce paucibacillary specimens, and are frequently unable to

produce sputum specimens. '31%23:23

Urine lateral-flow lipoarabinomannan (LF-LAM) tests may address some of these challenges.
They are rapid, inexpensive, non-sputum based, and available at point-of-care. Currently, the
only LF-LAM test that WHO recommends is the Alere Determine TB-LAM (AlereLAM).!?8
Although AlereLAM has only moderate sensitivity,** it reduced mortality in inpatients in
randomized trials.'®”® The novel Fujifilm SILVAMP TB-LAM (FujiLAM) test is more
sensitive than AlereLAM in inpatients.”*’”> The 2021 WHO tuberculosis screening and
diagnostic algorithm among HIV-positive inpatients recommends rapid molecular diagnostic
testing (e.g., Xpert MTB/RIF [Xpert]) in all medical inpatients where tuberculosis prevalence
is > 10%.'%>187 However, AlereLAM is only recommended in those with a positive WHO
four-symptom screen (W4SS), CD4 count <200 cells/uL, WHO stage 3 or 4, or positive
WHO-defined danger sign.>*!%7

The WHO screening criteria to guide AlereLAM testing may be challenging to implement in
busy inpatient settings'#? and its diagnostic accuracy is unknown. The W4SS, which was
developed among ambulatory PLHIV,® has low specificity for diagnosis of tuberculosis in
inpatients.!® CD4 cell count may also have low specificity since inpatients typically have
advanced immunodeficiency. It is also often not rapidly available. Furthermore, the
diagnostic accuracy of WHO-defined danger signs was not assessed in the review that led to
the recommendation.'®” The diagnostic accuracy of alternative screening tests/strategies to
guide LF-LAM testing is also unknown. LF-LAM testing in all HIV-positive inpatients may

be more appropriate than testing only if screening criteria are met.

We assessed the performance of WHO screening criteria and other screening tests/strategies
to guide LF-LAM testing among HIV-positive inpatients (irrespective of tuberculosis signs
and symptoms) using an individual participant data (IPD) meta-analysis. Our primary
objectives were to (1) determine the proportion of inpatients eligible for AlereLAM using the

WHO AlereLAM algorithm (i.e., WHO screening criteria followed by AlereLAM) and (2)
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assess the diagnostic accuracy of WHO screening criteria and alternative tuberculosis
screening tests/strategies to guide LF-LAM testing. Our secondary objectives were to (1)
compare the diagnostic accuracy of the WHO AlereLAM algorithm with AlereLAM or
FujiLAM testing in all inpatients for tuberculosis; (2) determine the diagnostic yield of rapid
tuberculosis diagnostic testing (i.e., proportion of total tuberculosis cases with a positive
sputum or urine Xpert, AlereLAM, or FujiLAM); and (3) evaluate the diagnostic accuracy of
the WHO-defined danger signs for tuberculosis.

4.3 Methods

Our findings are reported in accordance with PRISMA-IPD and PRISMA-DTA
statements.!*®!%’ Two authors (AD, YH) independently participated in each step of the
systematic review: study selection, data extraction, and study quality assessment.
Disagreements between authors were resolved by discussion. We used similar methods to our
recent systematic review that contributed to the 2021 WHO tuberculosis screening
guidelines;'8>1381% L F-LAM analyses were not pre-specified in our protocol. Our initial

systematic review was registered on PROSPERO (CRD42020155895).

Literature search

WHO conducted a systematic review of the accuracy of W4SS for tuberculosis screening in
PLHIV and searched PubMed (MEDLINE), Embase, Cochrane Library, and conference
abstracts from 1 January 2011 to 12 March 2018 (appendix Table 8-24).%* The search was
limited to studies conducted after 2011, since WHO only developed the W4SS in that year.
We retrieved all included studies from this systematic review and reassessed all full texts to
identify any further eligible studies. To perform an updated search, we applied the same
search strategy from 12 March 2018 to 1 March 2020. Finally, we searched reference lists of
related reviews and included articles and contacted experts to inquire about any additional

published or unpublished studies.

Study selection

We reviewed titles and abstracts from the search and, if potentially eligible, full texts of
articles. We included primary datasets that (1) were observational studies (cross-sectional or
cohort studies) or randomized trials; (2) included adult or adolescent HIV-positive inpatients
regardless of tuberculosis signs and symptoms; (3) collected data on W4SS alone (and in
combination with CD4 count, WHO stage, or WHO-defined danger signs); and (4) evaluated
AlereLAM and/or FujiLAM. We excluded studies that were case-control as they are prone to
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bias,?” had only symptomatic HIV-positive inpatients as an inclusion criterion, or enrolled
inpatients who were on tuberculosis treatment or were already diagnosed with active

tuberculosis.

The target condition was active tuberculosis. To assess diagnostic accuracy of screening
tests/strategies to guide LF-LAM testing, the separate reference standards were AlereLAM
and FujiLAM because these analyses only concerned the assessment of screening tests in the
context of LF-LAM positive tuberculosis (as opposed to any microbiologically confirmed
tuberculosis), as recommended by WHO.” To compare diagnostic accuracy of the WHO
AlereLAM algorithm with AlereLAM or FujiLAM for all, the reference standard was culture

or Xpert of sputum and/or other specimens.

The tuberculosis screening tests/strategies we examined were the W4SS; CD4 count <200
cells/uL; W4SS or CD4 count <200 cells/uL (either positive); WHO-defined danger signs;
CRP; chest X-ray; hemoglobin; BMI; lymphadenopathy; and cough >2 weeks. We primarily
used W4SS or CD4 count <200 cells/uL (either positive) as WHO eligibility criteria for
AlereLAM testing because few studies included WHO stage and WHO-defined danger signs.
Finally, the systematically performed tuberculosis LF-LAM diagnostic tests we examined

were AlereLAM and FujiLAM.

Data extraction, study quality, and IPD synthesis

Study-level variables extracted were first author, publication year, study period, country,
setting, exclusion criteria, study design, type of participants, and method of tuberculosis
diagnosis. To assess study quality for proportion meta-analyses, we modified a tool used in
systematic reviews of prevalence.'”® To assess study quality for diagnostic test accuracy, we

used the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool.!>°

We emailed authors of eligible datasets inviting them to contribute data. The appendix (Table
8-25) shows the IPD collected. After standardizing IPD, we synthesized a single dataset with
individual participant and study-level data. Study participants < 10 years of age were
excluded. Contaminated cultures were considered negative. We ensured IPD integrity by
comparing information against study publications and performing recommended

checks.!>"152 Discrepancies were resolved by contacting the corresponding author.

Statistical analyses

We analyzed IPD using a two-stage approach. First, we analyzed each study separately to
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obtain aggregate data. The aggregate data for each study were tuberculosis prevalence,
proportion of inpatients eligible for AlereLAM using WHO criteria, and measures of
diagnostic accuracy (i.e., sensitivity and specificity). For assessment of proportion of
inpatients eligible for AlereLAM, we evaluated the W4SS in combination with CD4 count,
WHO stage, or WHO-defined danger signs. Second, we combined aggregate data using an
appropriate meta-analysis model. We used a generalized linear mixed model with logit
transformation to pool tuberculosis prevalence and proportion of inpatients eligible for
AlereLAM.'>® We assessed heterogeneity with Cochran’s Q test and I? statistic.!>* We used a
bivariate generalized linear mixed model to pool sensitivities and specificities.'*” If there
were < 4 studies or the model did not converge, we used simpler models that assumed no
correlation between measures of sensitivity and specificity.!>> We computed binomial 95%
CIs by summing the numbers with disease (or no disease) across studies if all studies had
100% sensitivity or specificity.?’! We used summary receiver-operating characteristic curves
to jointly illustrate absolute pooled sensitivity and specificity.!** We compared the accuracy
of 2 tests by using indirect comparisons (which includes all studies that evaluated >1 of the
relevant tests). We also performed direct comparisons (which includes all studies that
evaluated all relevant tests). For direct comparisons, we used a bivariate meta-regression with

test-type as a covariate.

We calculated diagnostic yield of sputum/urine Xpert, AlereLAM, or FujiLAM in studies that
included participants unable to produce sputum samples. We used culture, Xpert, or
AlereLAM as the denominator, because a positive result on either of these tests is considered
sufficient evidence to treat tuberculosis. Finally, we performed mixed-effect logistic
regression analysis with random intercept by cohort to determine whether WHO-defined
danger signs (individually and combined) were associated with tuberculosis (defined as
positive sputum Xpert or AlereLAM because of limited culture data). We calculated both
unadjusted and adjusted odds ratios (ORs).

Since analyses were based on few studies, we were unable to investigate heterogeneity with
meta-regression or assess for publication bias. We chose a p-value threshold of 0.05 to
characterize statistically significant findings. All meta-analyses were performed using /me4,

altmeta, meta, metafor and mada packages in R software version 3.6.1.

Role of the funding source

None.
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4.4 Results

Characteristics of primary datasets selected and prevalence of tuberculosis

We identified 5 eligible datasets (appendix Figure 8-9), and IPD was obtained for all 5
datasets (n=3504).!8:20:17418%.191 The appendix (Table 8-26) shows the characteristics of
included studies. Four studies were conducted in sub-Saharan Africa. All studies included
inpatients admitted to medical wards (one was an infectious disease ward). Studies
systematically collected sputum for culture (n=3), sputum for Xpert (n=5), urine for Xpert
(n=3), urine for AlereLAM (n=5), and urine for FujiLAM (n=2). We judged risk of bias for 5
studies that contributed to the meta-analysis of proportion of inpatients eligible for
AlereLAM (appendix Table 8-27). One study had inadequate response rate, while another
study used an inappropriate sample frame. We judged risk of bias for 5 studies that
contributed to the diagnostic meta-analysis of LF-LAM and screening tests/strategies
(appendix Table 8-28). For LF-LAM analyses, four studies did not collect extrapulmonary
samples or samples for culture and were judged to have high risk of bias for reference test
domain. The appendix (Table 8-29) shows missing data by study. In 3 studies that included
participants unable to produce sputum samples,'32*1%* LF-LAM was missing for <3% of

inpatients, but sputum Xpert was missing for 35-54% of participants.

Tables 4-1 and the appendix (Table 8-30) shows participant characteristics overall and by
study, respectively. Most (57%) participants were women; 49% had a CD4 count <200 cells/
uL. The pooled tuberculosis prevalence (using culture or Xpert as a reference standard) was

23% (95%CI 14, 35; n=543) among 3 studies that collected sputum for culture.
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Table 4-1: Summary of main characteristics for participants

Variable Overallt Nt
Participants 3504 (100)
Demographics
Age (years) 38 (31-46) 3504
Female 1992 (57) 3504
HIV history
On ART 2363 (68) 3489
CD4 count (cells/uL) 205 (66-408) 3479
CD4 <=100 cells/uL 1118 (32) 3479
CD4 101 to 200 cells/pL 591 (17) 3479
CD4 >200 cells/pL 1770 (51) 3479
Clinical characteristics
History of tuberculosis 856 (27) 3115
Positive W4SS* 3162 (90) 3502
Cough 1834 (52) 3500
Fever 1871 (54) 3496
Weight loss 2521 (72) 3495
Night sweats 1414 (40) 3499
Cough >= 2 weeks 731 (24) 3025
Lymphadenopathy 58 (11) 508
WHO-defined danger sign** 678 (23) 2961
WHO stage 3 or 4 96 (80) 120
Tuberculosis diagnostic tests
AlereLAM positive 368 (17) 2191
FujiLAM positive 141 (30) 477
Total Xpert positive*** 369 (13) 2827
Sputum Xpert + 270 (13) 2145
Non-sputum Xpert + 168 (10) 1736
Total culture positive*** 126 (23) 543
Sputum culture + 75 (23) 332
Non-sputum culture + 70 (17) 420
Imaging and laboratory tests
CXR (any abnormality)f 130 (59) 220
BMI (kg/m2) 20 (18-24) 2966
CRP (mg/L) 75 (18-157) 400
CRP (>=10 mg/L) 334 (84) 400
Hb, Median (g/dL) 10 (8-12) 3481
Hb (<10 g/dL) 1574 (45) 3481

tData are count (%) or median (25th-75th percentiles)
FParticipants with data available for variable
*W4SS defined as one or more of the following: current cough, fever, night sweats, or weight loss

**WHO-defined danger sign defined as one or more of the following: respiratory rate >30 breaths/min, body
temperature >39°C, heart rate >120 beats/min, or unable to walk unaided

Proportion of inpatients eligible for AlereLAM testing according to WHO AlereLAM
algorithm

The proportion with a positive W4SS or CD4 count < 200 cells/ pL was 93% (95%CI 91, 95;
n=3477) (Table 4-2 and appendix Figure 8-10). The pooled proportions of other screening
combinations to determine eligibility for AlereLAM testing ranged from 89% to 93%. The
pooled proportion of inpatients with a WHO-defined danger sign was 26% (95%CI 19, 35;
n=2961). The addition of any WHO-defined danger signs, WHO stage 3 or 4, and CD4 count
<200 cells/ uLL to W4SS (i.e., either positive) increased eligibility for AlereLAM testing by
only 1 (n=2961), 4 (n=54), and 3 (n=3477) percentage points, respectively (appendix Table
31).
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Table 4-2: Random-effects meta-analysis of proportion of inpatients eligible for

AlereLAM testing according to WHO AlereLAM algorithm*

Heterogeneity
Proportion
. L No No screen | 5 I?
Screening combination§f studies N positive AéIQ)iA (95% Cl) P-value

Positive W4SS or CD4 <=200 cells/uL 5 3,477 3,225 93 (91-95) | 0 (0-71) 0.59
Positive W4SS or WHO-defined danger sign 2 2,961 2,691 91 (90-92) 47 (-) 0.17
Positive W4SS or WHO stage 3 or 4** 1 54 48 89 (77-95) - -
Pos_,|t|ve W4SS or CD4 <=200 cells/yL or WHO- 2 2.945 2735 93 (92-94) | 66 (0-92) 0.09
defined danger sign
Positive W4SS or CD4 <=200 cells/uL or WHO
stage 3 or 4** 1 54 50 93 (82-97) - .

*According to WHO screening & diagnostic algorithm, AlereLAM testing for tuberculosis is advised if an inpatient has a positive
WA4SS (defined as one or more of the following: current cough, fever, night sweats, or weight loss), a CD4 count <= 200
cells/uL, is WHO stage 3 or 4, or has a WHO-defined danger sign (defined as one or more of the following: respiratory rate
>30 breaths/min, body temperature >39°C, heart rate >120 beats/min, or unable to walk unaided)

§Combinations dependent on available variables. Proportion of inpatients with a positive W4SS was 90 (89-91) (5
studies; 3502 participants), a CD4 count <= 200 cells/uL was 62 (49-74) (5 studies; 3479 participants), a WHO-defined danger
sign was 26 (19-35) (2 studies; 2961 participants), and WHO stage 3 or 4** was 57 (44-70) (1 study; 54 participants).

{[Screening combination is either variable positive

tCalculated using meta-analysis of proportions

**One study by Bjerrum et al (2015) excluded from analysis as WHO stage 3 or 4 was part of inclusion criteria

Definition of abbreviations: W4SS = WHO four-symptom screen

Diagnostic performance of tuberculosis screening tests/strategies

Figure 4-1 shows plots of sensitivity and specificity of each screening test/strategy for LF-
LAM positive tuberculosis, while Table 4-3 shows indirect comparisons. W4SS alone (or
combined with CD4 count < 200 cells/ puL) and CRP had high sensitivities but low
specificities. CD4 count < 200 cells/ uL had sensitivities between 89 and 90% and
specificities between 37 and 46%. Cough (>2 weeks), hemoglobin (< 8 g/dL),
lymphadenopathy, and WHO-defined danger signs had low sensitivities (14-58%) but high

specificities (70-89%).
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Figure 4-1: Pooled sensitivity and specificity along with 95% ClIs for each screening
test/strategy for the detection of LF-LAM positive tuberculosis using reference

standards of AlereLAM or FujiLAMt*

tDashed lines indicate WHO’s minimum requirements for a tuberculosis screening test (90% sensitivity and 70% specificity)
*For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is
offered only if the first screening test is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS =
WHO four-symptom screen
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Table 4-3: Pooled sensitivity and specificity along with 95% ClIs for each screening
test/strategy for the detection of LF-LAM positive tuberculosis using reference

standards of AlereLAM or FujiLAM

AlereLAMt FujiLAM
No 9f N Sensitivity | Specificity | No pf N Sensitivity | Specificity

studies (95% Cl) (95% CI) |studies (95% ClI) (95% ClI)
W4SsSs 5 2,189 | 94 (88-97) | 10 (8-13) 2 475 |99 (95-100) | 3 (0-51)
CRP (>=10 mg/L) 1 392 |99 (87-100) | 19 (15-24) 1 391 | 94 (88-97) | 21 (17-26)
CRP (>=8 mg/L) 1 392 |99 (87-100) | 17 (13-21) 1 391 | 95(89-98) | 18 (14-23)
CRP (>=5mg/L) 1 392 |99 (87-100) | 11 (8-15) 1 391 | 97 (92-99) | 12 (9-17)
CXR (abnormal) 2 220 | 60 (49-70) | 41 (34-50) - - - -
Cough (any) 5 2,187 | 62 (57-67) | 48 (42-54) 2 473 | 74 (48-90) | 56 (50-61)
Cough (>=2 weeks) 3 1,736 | 36 (15-65) | 79 (55-92) 2 472 | 33 (10-68) | 84 (43-97)
Hb (<10 g/dL) 5 2,170 | 76 (66-84) | 48 (38-59) 2 467 | 83 (75-88) | 47 (30-63)
Hb (<8 g/dL) 5 2,170 | 48 (35-60) | 71 (60-80) 2 467 | 58 (50-66) | 70 (48-86)
BMI (<18.5 kg/m?) 4 1,664 | 54 (48-60) | 62 (52-72) 1 58 | 55(34-74) | 61 (45-75)
Lymphadenopathy 3 503 14 (9-20) | 89 (86-92) 1 67 8 (2-26) 85 (71-93)
WHO-defined danger sign* 2 1,657 | 44 (38-50) | 77 (68-84) - - -
CD4 count <=200 cells/pL 5 2,174 | 90 (55-99) | 46 (34-58) 2 468 | 89 (83-93) | 37 (19-59)
2\2?2213;1504 count <=200 5 1,090 1010089- 0 (0-4) 2 464 1010089)7- 1(0-2)
WA4SS or CRP (>=10 mg/L){| 1| 301 |99 87-100)| 4 (2-7) 1| 300 1010083' 5 (3-8)
WA4SS or CXR (abnormal) 2 220 | 93 (85-97) 3(1-8) - - - -
W4SS then CRP (>=5 mg/L){ 1 391 | 98 (88-100) | 19 (15-23) 1 390 | 96 (91-99) | 22 (17-27)

t1In one study by Gupta-Wright (2018), only the intervention arm was included since AlereLAM was unavailable for the
standard of care arm.

*WHO-defined danger sign defined as one or more of the following: respiratory rate >30 breaths/min, body temperature >39°C,
heart rate >120 beats/min, or unable to walk unaided

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is
offered only if the first screening test is positive

§Bivariate models did not converge; sensitivity estimates computed with binomial 95% Cls and specificity estimates from a
univariate random-effects model

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS =
WHO four-symptom screen

The appendix (Figure 8-11) shows forest plots and the appendix (Figure 8-12) shows
summary receiver operating characteristics curves. The point estimates for the specificities of
WHO screening criteria were <3% in each individual study (appendix Figure 8-11). The
appendix (Figure 8-13) shows the trade-off between AlereLAM positive tuberculosis cases

missed and number of AlereLAM tests performed for each individual screening test.

The sensitivity of the WHO AlereLAM algorithm (W4SS or CD4 <200 cells/uL —
AlereLAM) was 62% (95%CI 47, 75) and specificity was 89% (95%CI 67, 97; n=2036)
(Table 4-4 and Figure 4-2); the sensitivity and specificity of AlereLAM for all was similar.
Two studies compared FujiLAM with AlereLAM. Sensitivity of FujiLAM and AlereLAM
was 69% (95%CI 62, 76) and 48% (95%CI 29, 69), respectively; specificity of FujiLAM and
AlereLAM was 88% (95%CI 79, 93) and 96% (95%CI 82, 99), respectively.
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Table 4-4: Pooled sensitivity and specificity along with 95% CIs of WHO AlereLAM
algorithm, AlereLAM, and FujiLAM for the detection of tuberculosis§

| W[ it | Speiic
Indirect comparisonst
WHO AlereLAM algorithm 5 2,036 62 (47-75) 89 (67-97)
AlereLAM alone 5 2,038 62 (47-75) 88 (64-97)
FujiLAM alone 2 477 73 (43-91) 88 (79-93)
Direct comparisonst
WHO AlereLAM algorithm 2 475 48 (29-68) 96 (82-99)
AlereLAM alone 2 475 48 (29-68) 96 (82-99)
FujiLAM alone 2 475 69 (62-76) 88 (79-93)

§According to WHO screening & diagnostic algorithm, AlereLAM testing is advised if an
inpatient has a positive WHO four-symptom screen (defined as one or more of the
following: current cough, fever, night sweats, or weight loss), a CD4 count <= 200
cells/uL, is WHO stage 3 or 4, or has a WHO-defined danger sign (defined as one or
more of the following: respiratory rate >30 breaths/min, body temperature >39°C, heart
rate >120 beats/min, or unable to walk unaided)

TIndirect comparisons include all studies that evaluated at least one of the relevant tests.
Direct comparisons include all studies that evaluated all relevant tests

Figure 4-2: Pooled sensitivity and specificity along with 95% ClIs for each LF-LAM

strategy for the detection of tuberculosis

§AlereLAM testing is done if an inpatient has a positive WHO four-symptom screen (defined as one or more of the following:
current cough, fever, night sweats, or weight loss) or a CD4 count <= 200 cells/uL

Diagnostic yield of tuberculosis from different diagnostic tests and sample types

The appendix (Table 8-32) shows diagnostic yield using culture, Xpert, or AlereLAM as the
denominator among 3 studies that included participants who were unable to produce sputum
samples. Sputum Xpert diagnosed only 29-41% of all tuberculosis cases, as 35-54% had
missing sputum Xpert results. In all studies, AlereLAM had similar or higher yield than
sputum Xpert. In 2 studies that collected sputum and non-sputum samples for Xpert and/or

culture, AlereLAM and urine Xpert diagnosed 39—-76% and 35-62% of all cases,
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respectively. In 1 study that collected sputum and non-sputum samples for Xpert and culture
and urine for AlereLAM,?® FujiLAM diagnosed 80% of cases, while urine Xpert and
AlereLAM diagnosed 62% and 39% of cases, respectively. In the same study, sputum Xpert
combined with AlereLAM diagnosed only 61% of all cases, but sputum Xpert combined with
urine Xpert or FujiLAM diagnosed 81% and 92% of all cases, respectively. Across all
studies, AlereLAM was positive in 5.1% (8/158) of inpatients who did not meet WHO

criteria for AlereLAM testing, and those with a positive AlereLAM test had negative Xpert or
culture results. AlereLAM and FujiLAM were positive in 8.5% (70/819) and 28% (61/218) of

inpatients with no available sputum Xpert result, respectively.

Association of WHO-defined danger signs with tuberculosis

In univariable mixed-effects logistic regression analysis, any WHO-defined danger sign was
associated with increased risk of tuberculosis (OR 2.62 95%CI 2.01, 3.43) (appendix Table 8-
33). In univariable and multivariable mixed-effects logistic regression, individual danger
signs other than respiratory rate > 30 breaths/min were associated with increased risk of
tuberculosis. Multivariable adjusted odds ratios were smaller compared with univariable

estimates, reflecting a positive correlation between individual danger signs.

4.5 Discussion

In this IPD meta-analysis, almost all HIV-positive inpatients were eligible for AlereLAM
testing using WHO screening criteria, which had very low specificity. We found that
potential screening tests/strategies to guide AlereLAM or FujiLAM testing had either
suboptimal sensitivities or specificities. The WHO-recommended AlereLAM inpatient
algorithm had a sensitivity of 62%; AlereLAM in all inpatients had identical sensitivity. In 2
studies, sensitivity of FujiLAM was 21 percentage points higher than AlereLAM and
specificity was 8 percentage points lower, although confidence intervals overlapped.
AlereLAM had similar or higher yield than sputum Xpert, as urine samples were obtained
from almost all inpatients, but many were unable to produce sputum. In 1 study, FujiLAM
diagnosed twice as many tuberculosis cases than AlereLAM. Sputum Xpert combined with
FujiLAM diagnosed 92% of cases versus 61% when combined with AlereLAM. Our findings
suggest that implementation of AlereLAM testing in all HIV-positive medical inpatients in
high burden settings be considered alongside routine Xpert testing. FujiLAM testing in all
HIV-positive inpatients could substantially improve detection of tuberculosis. We found that

potential screening tests/strategies to guide LF-LAM testing had suboptimal sensitivity and/or
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specificity. The W4SS and CRP had high sensitivities, but much lower specificities compared
with outpatient settings.'®® Conversely, several other tests (e.g., WHO-defined danger signs
and low hemoglobin) had moderate to high specificities but low sensitivities. These tests
might be a proxy for advanced immunodeficiency and a higher bacillary burden. CD4 count
appeared to provide the best trade-off between sensitivity and specificity. In 2019, WHO
updated its 2015 recommendations on AlereLAM testing, increasing the CD4 count threshold
for testing HIV-positive inpatients from < 100 cells/ pL to < 200 cells/ uL.>'8” However, if
eligibility for AlereLAM testing is based solely on the new cut-off, 10% of AlereLAM
positive tuberculosis cases would be missed. CD4 count meets WHO minimal sensitivity
requirements for a screening/triage test (i.e., 90% sensitivity), but it does not meet WHO

optimal requirements (i.e., 95% sensitivity), which may be preferred in inpatient settings.”

Our diagnostic yield findings highlight the utility of urine-based tuberculosis diagnostics in
HIV-positive inpatients. Urine Xpert or AlereLAM often had higher yield than sputum Xpert,
as urine was readily available for testing. However, based on limited data, it is unclear
whether urine Xpert or AlereLAM provides higher yield; urine Xpert had higher yield
compared with AlereLAM in one included study, but the opposite was true in another
included study.'® In a recent study, sensitivity of urine Xpert Ultra was double that of
AlereLAM (33% vs 16%).*® AlereLAM is less costly than urine Xpert and provides a more
rapid diagnosis, since an Xpert result may take several days in the real world.’! However,
urine Xpert provides rifampicin susceptibility. There is a need for implementation science

and health economics research to make appropriate recommendations for different settings.

AlereLAM is a rapid, inexpensive point of care test, which would have a number of benefits
if testing was implemented in all HIV-positive inpatients in real world settings. First, since
most inpatients already meet WHO criteria for testing, routine AlereLAM testing would
reduce complexity and accelerate clinical decision making in busy inpatient settings. For
example, CD4 cell count is one of the WHO criteria for AlereLAM testing but may not be
immediately available to treating clinicians. Second, routine AlereLAM testing (in addition to
routine sputum Xpert) was cost-effective in the STAMP trial.2°? Third, AlereLAM was
positive in 5% of HIV-positive inpatients who did not meet WHO criteria for AlereLAM
testing. Fourth, two randomized trials have demonstrated a reduction in all-cause mortality
among HIV-positive inpatients with the use of AlereLAM in addition to routine
diagnostics.'®”® One trial included HIV-positive inpatients irrespective of tuberculosis signs

and symptoms,'® while the other included inpatients with a positive W4SS (which we found
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was present in > 90% of HIV-positive inpatients).”® Despite these findings, a recent survey of
24 high tuberculosis/HIV burden countries revealed that only 4 (17%) were using AlereLAM
in all hospitals.?®> Combined use of sputum Xpert and AlereLAM has also been shown to
improve diagnostic yield over either test alone in tuberculosis blood stream infection, which

predicts mortality.'*®

AlereLAM and Xpert in all HIV-positive inpatients would increase diagnostic yield. But a
negative result on both tests does not rule out tuberculosis. FujiLAM may substantially bridge
the diagnostic gap. We found that sputum Xpert when combined with FujiLAM diagnosed
92% of tuberculosis cases versus 61% when combined with AlereLAM. A strategy that
incorporates FujiLAM takes advantage of FujiLAM’s higher sensitivity and the immediate
availability of urine. WHO-defined minimum thresholds for a rapid biomarker-based non-
sputum-based test are 65% sensitivity and 98% specificity.”” FujiLAM met the sensitivity
threshold, but not the specificity threshold. However, the reduced specificity could be a result
of an imperfect microbiological reference standard, since FujiLAM detects lower
concentrations of LAM.®"7® Nontuberculous mycobacteria could also reduce specificity but
were found in only 4% of participants with a false-positive FujiLAM test.”> Differences in
FujiLAM accuracy may also be because studies we included used biobanked samples for

testing. However, biobanked samples produce similar results to fresh samples.”

We found that any WHO-defined danger sign was associated with increased risk of
tuberculosis. Our finding that all danger signs other than respiratory rate were associated with
tuberculosis risk is consistent with that of a study that enrolled HIV-positive inpatients with
>1 WHO-defined danger sign.'”® WHO-defined danger signs likely have limited utility in

determining hospital admission, as we found that 74% of inpatients had no danger signs.

Our study has limitations. First, studies had high tuberculosis prevalence and only one study
was conducted outside sub-Saharan Africa, limiting generalizability. Hoverer, sub-Saharan
Africa has a disproportionate burden of HIV-associated tuberculosis. Second, some tests had
wide 95% confidence intervals because of heterogenous or limited data. Third, only 2 studies
evaluated FujiLAM and no study evaluated Xpert Ultra. Fourth, some studies excluded
participants unable to produce sputum and/or did not collect extra-pulmonary samples for
microbiological testing. Thus, the reference standard in these studies may be biased because
inpatients often produce paucibacillary sputum samples or present with

extrapulmonary/disseminated tuberculosis. However, for screening tests, we used a reference

87



standard of LF-LAM, which correctly classifies LF-LAM positive tuberculosis. WHO
recommends that screening/triage tests be assessed against confirmatory tests that follow.”
Furthermore, diagnostic yield analyses and estimates of proportion of inpatients eligible for
AlereLAM did not require a reference standard. Therefore, it is unlikely that this limitation
would alter our conclusions. Fifth, the small number of included studies precluded
exploration of heterogeneity. Finally, we used W4SS or CD4 count <200 cells/uL as WHO
eligibility criteria for AlereLAM given limited data on WHO-defined danger signs and WHO

stage.

In conclusion, our findings suggest that AlereLAM testing in all HIV-positive medical
inpatients in high burden settings be implemented alongside routine molecular diagnostic
testing (e.g., Xpert). WHO criteria and other potential screening tests/strategies to guide
AlereLAM testing have suboptimal diagnostic accuracy and complicate the tuberculosis
diagnostic algorithm, potentially serving as a barrier to LF-LAM’s widespread use. Xpert and
AlereLAM testing in all HIV-positive inpatients would improve diagnostic yield, although a
negative result on both tests does not rule out tuberculosis. Routine FujiLAM may
substantially improve the rapid diagnosis of tuberculosis in this population if validation

studies confirm our findings.
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CHAPTER 5: CLINICAL UTILITY OF WHO-RECOMMENDED
SCREENING TOOLS, AND DEVELOPMENT AND VALIDATION
OF NOVEL CLINICAL PREDICTION MODELS FOR PULMONARY
TUBERCULOSIS AMONG OUTPATIENT PEOPLE LIVING WITH
HIV: AN INDIVIDUAL PARTICIPANT DATA META-ANALYSIS

This study has been Formatted for submission to European Respiratory Journal:

Dhana AV, Gupta RK, Hamada Y, Kengne AP, Kerkhoff AD, Yoon C, Cattamanchi A,
Reeve BW, Theron G, Wood R, Drain PK, Calderwood CJ, Noursadeghi M, Boyles T,
Meintjes G, Maartens G, Barr DA.

“Clinical utility of WHO-recommended screening tools and development and validation of
novel clinical prediction models for tuberculosis screening among outpatient people living

with HIV: an individual participant data meta-analysis”
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5.1 Abstract

Background: WHO recommends that people living with HIV (PLHIV) undergo tuberculosis
screening with the WHO four-symptom screen (W4SS) or C-reactive protein (CRP [5 mg/L
cutoff]) followed by confirmatory testing if screen positive. We conducted an individual
participant data meta-analysis to determine the performance of WHO-recommended
screening tools and 2 newly developed clinical prediction models (CPMs) in outpatient

PLHIV.

Methods: Following a systematic review, we identified studies that recruited adult outpatient
PLHIV irrespective of tuberculosis signs and symptoms or with a positive W4SS, evaluated
CRP, and collected sputum for culture. We used logistic regression to develop an extended
CPM (which included CRP and other predictors) and a CRP-only CPM (which only included

CRP). We used internal-external cross-validation to evaluate performance.

Results: We pooled data from 8 cohorts (n=4,315 participants). The extended CPM had
excellent discrimination (C-statistic 0.81); the CRP-only CPM had similar discrimination (C-
statistic 0.79). The C-statistics for CRP at 5Smg/L cutoff (0.70) and W4SS (0.57) were lower.
For clinical utility, both CPMs had equivalent or higher net benefit compared with WHO-
recommended tools. Compared with both CPMs, CRP (5mg/L cutoff) had equivalent net
benefit across a clinically useful range of threshold probabilities, while W4SS had lower net
benefit. The W4SS would capture 91% of tuberculosis cases and require confirmatory testing
for 78% of participants. CRP (5 mg/L cutoff), the extended CPM (4.2% threshold), and the
CRP-only CPM (3.6% threshold) would capture similar percentage of cases but reduce
confirmatory tests required by 24%, 27%, and 36%, respectively.

Conclusions: CRP and the CPMs show utility for tuberculosis screening among outpatient

PLHIV. The WHO-recommended W4SS showed suboptimal performance.
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5.2 Introduction

In 2020, there were 214,000 tuberculosis deaths among people living with HIV (PLHIV).!
Approximately half of HIV-associated tuberculosis deaths go undiagnosed,'? and appropriate
testing and treatment may avert these undiagnosed deaths. Confirmatory testing (e.g., Xpert
MTB/RIF Ultra [ Xpert Ultra]) for all PLHIV is often unfeasible in low-resource settings,

meaning screening strategies are needed to determine who needs further confirmatory testing.

According to WHO, a tuberculosis screening tool should meet optimal (95% sensitivity, 80%
specificity) or minimum (90% sensitivity, 70% specificity) performance characteristics.”
Since 2011, WHO has recommended that outpatient PLHIV be screened for tuberculosis with
the WHO four-symptom screen (W4SS) (comprising any one of current cough, fever, night
sweats, or weight loss),* followed by confirmatory testing (e.g., Xpert Ultra) if the screen is
positive. However, the specificity of W4SS is low in some subgroups (e.g., ART-naive
PLHIV),'®® resulting in large numbers of unnecessary, expensive confirmatory testing.
Recently, WHO also recommended C-reactive protein (CRP) as a screening tool.!®> CRP
(5mg/L cutoff) showed similar sensitivity but higher specificity than W4SS.!3® CRP can be
done using a point-of-care assay at ~$2 with results in <3 minutes. The W4SS and CRP were
recommended based on sensitivity and specificity, but their clinical utility, using measures

such as net benefit,'” is unknown.

Clinical prediction models (CPMs), which combine multiple predictors, may also be used for

screening. Although there are few CPMs for tuberculosis screening in PLHIV,!11-114.116,145,204

these CPMs have limitations. Some have been developed using many predictors relative to

111,113,114,116

number of events, or categorized continuous variables.!!!"!'* Some have also

111,113

shown suboptimal performance at external validation, not undergone extensive

externally validated,'!>!'*11¢ or not been assessed for clinical usefulness.!!:113:114.116

Using data from 8 cohorts identified following a systematic review,'®® we performed an
individual participant data (IPD) meta-analysis to 1) develop and validate CPMs that
incorporate CRP for active pulmonary tuberculosis among outpatient PLHIV and 2) compare
the performance and clinical utility of WHO-recommended screening tools to the newly

developed CPMs.
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5.3 Methods

We reported our findings according to the TRIPOD and PRISMA-IPD statements.'**2% We
also adhered to additional guidelines for developing and validating CPMs in an IPD meta-

analysis ) 139,206,207

Data sources and study population

We previously conducted a systematic review to compare the accuracy of several tuberculosis
screening tools with the W4SS in outpatient PLHIV.!®® From that systematic review, we
identified and obtained IPD for prospective cross-sectional studies, observational studies, and
randomized trials conducted in facility-based, active case-finding settings that systematically
measured CRP and collected sputum for culture from outpatient PLHIV regardless of signs
and symptoms of tuberculosis. We only included studies that measured CRP since we aimed
to assess if a multivariable modelling approach could improve CRP’s performance. Active
case-finding involves systematic screening of PLHIV irrespective of symptoms. Passive-case
finding involves patients recognizing and seeking care for their symptoms (defined in this
study as a positive W4SS). From the systematic review, we identified 4 studies (5 cohorts)

86,88,90,173

from active case-finding settings, comprising outpatient PLHIV not on ART. After

contacting experts, we included 2 further studies (3 cohorts) from passive-case finding

settings, comprising outpatient PLHIV receiving and not receiving ART.**115

Defining the outcome of prediction models
The primary outcome was active tuberculosis, defined as culture of Mycobacterium

tuberculosis complex from sputum.

Candidate predictors and sample size

Since all included studies evaluated CRP, we assessed these studies for availability of several
variables considered a priori for potential inclusion in the CPMs. We selected variables
following expert clinical experience and a systematic review,'®® that are assessable
immediately, and that are readily available in resource-limited settings. The clinical variables
we evaluated were age, sex, W4SS components (cough, fever, night sweats, and weight loss),
and body mass index (BMI). The laboratory variables we evaluated were CD4 count and
CRP. The study-level variable we evaluated was case-finding setting (active vs passive case-

finding).

t,208

The population derived was considered sufficient,”™ and sample size calculations are

provided in the appendix.

92



Statistical analysis
We developed 2 CPMs: an extended CPM, which considered all candidate predictors, and a
CRP-only CPM, which only included CRP as a predictor along with spline transformations.

Figure 5-1 summarizes steps taken to develop and validate each CPM.

Figure 5-1: Steps taken to develop and validate each clinical prediction model

Select predictors by
Generate spline backward elimination with
transformations and create bootstrapping for extended
10imputed datasets clinical predcition model
(CPM) only

Final CPMs based on

selected predictors

Visualize heterogeneity by
fitting linear mixed-effects
models (excluding non-
linearities) across all
datasets

Internal-external cross-
validation (IECV) of CPMs
to derive performance
statistics (e.g., C-statistic)

Meta-analysis of
=4 performance statistics from
IECV

Assess impact of CPMs on Sensitivity analysis (repeat

analyses using alternative
imputation method)

decision making (including
decision curve analysis)

CPM development
We performed single-level multiple imputation within each cohort to deal with missing data
(appendix). We created 10 imputed datasets. All further analyses were performed in each of

the imputed datasets and pooled using Rubin’s rules.?”

We used a logistic regression approach for variable selection and CPM development with
active tuberculosis as a binary outcome. To model continuous variables, we used restricted
cubic splines with a default of 4 knots. For the extended CPM, we performed backward
stepwise selection with bootstrapping to select the most predictive variables using the Akaike
information criterion.?!® We kept variables retained in >70% of bootstrap samples and >5 of
10 multiply imputed datasets. This process led to a final CPM based on the selected
predictors along with their corresponding estimated B coefficients and the associated intercept
term. To visualize predictor heterogeneity, we fitted across all datasets linear mixed-effects

models (excluding non-linearities).
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Internal external cross-validation (IECV)

To assess CPM generalizability, we used IECV, which involved several steps.'*® First, the
CPM is developed in all but one study. Second, the omitted study is used to externally
validate the CPM and derive performance statistics. Third, this process is repeated until each
study has a chance to be omitted. We performed IECV on each imputed data set and pooled
performance statistics using Rubin’s rules. In the omitted study, we also compared both
CPMs to WHO-recommended screening tools and one other published CPM.!!* Other
published CPMs were not evaluated because some predictors were not measured in some or

all COhOI’tS.H1’112’114’116’145’204

We calculated several performance statistics. We assessed discrimination, which quantifies
how well a CPM can differentiate between those that have tuberculosis and those that do not,
using the C-statistic. We considered a C-statistic of >0.7 and >0.8 as acceptable and excellent
performance, respectively.!”® We then assessed calibration, which refers to agreement
between expected and observed outcomes, using calibration-in-the-large (value of 0 indicates
perfect calibration), calibration slope (value of 1 indicates perfect calibration), and calibration

plots.

We performed a univariate random-effects meta-analysis of performance statistics derived
from the IECV.?!!2!2 To assess heterogeneity, we visually examined forest plots. We also
performed a multivariate meta-analysis to pool the c-statistic and calibration slope.*!> We
calculated the joint probability that the CPMs would achieve a C-statistic of >0.70, >0.75, or

0.80 and a calibration slope between 0.8 and 1.2 in future patients using bootstrapping.

We assessed clinical utility using 2 approaches. First, during IECV, we performed decision-
curve analyses by pooling (stacking) multiply imputed validation datasets.!%*!3 Decision
curves show net benefit of screening tools over a range of clinically relevant threshold
probabilities. A threshold probability is the minimum probability of disease at which further
diagnostic workup would be justified.?!* Net benefit is the difference between proportion of
true positives and proportion of false positives weighted by the threshold probability. We
chose a threshold probability range from 0% to 20% because it is unlikely that more than
20% risk would be required before confirmatory testing is recommended.?'* The CPMs were
compared with a confirmatory testing for all strategy (i.e., sputum culture for all),
confirmatory testing for none strategy (i.e., sputum culture for none), WHO-recommended

screening tests (W4SS and CRP [Smg/L cutoff]), and an existing CPM.!!'® Second, we
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assessed the trade-off between percentage of tuberculosis cases captured and percentage of
participants needing confirmatory testing by applying WHO-recommended screening tests to
the stacked validation cohorts during [IECV and then comparing them to the newly developed
CPMs at a threshold that provides similar sensitivity and 95% sensitivity (WHO optimal

sensitivity requirements).”’

In sensitivity analyses, we used an alternative imputation procedure using the areglmpute
function in the rms package in R (using the function’s default arguments). We did all
analyses using pmsampsize, mice, rms, metamisc, meta, metafor, Ime, mada, and dcurves

packages in R (version 3.6.1)

5.4 Results

Study population

IPD were provided for all 6 eligible studies (8 cohorts). The cohorts collected data between
2010 and 2020 (Table 8-34). Six cohorts were from South Africa. Five were active case-
finding cohorts and 3 were passive-case finding cohorts. Table 5-1 and the appendix (Table
8-35) show participant characteristics overall and by study, respectively. We included 4,315
participants of whom 652 (15%) had tuberculosis. Most participants (85%) were recruited
from active case-finding settings. Most (91%) participants were not on ART. The appendix

(Table 8-36) shows missing data by study.
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Table 5-1: Summary of main characteristics for all participants

Variable Overallt Nt
Participants 4315 (100)

Demographics

Active case-finding 3667 (85) 4315
Age (years) 33.2 (27-40) 4315
Female 2381 (55) 4315
HIV history

On ART 380 (9) 4315
CD4 count (cells/uL) 204 (93-319) 4188
CD4 <=200 cells/puL 2056 (49) 4188
Clinical characteristics

History of tuberculosis 602 (14) 4309
Cough 2256 (52) 4314
Fever 1541 (36) 4283
Weight loss 2638 (62) 4283
Night sweats 1674 (39) 4313
Cough >= 2 weeks 1455 (34) 4306
Tuberculosis diagnostic tests

Sputum culture + 652 (15) 4209
Laboratory tests

BMI (kg/m2) 22 (19.4-25.8) 4306
CRP (mg/L) 6.4 (2.5-38.6) 4093
Hb (g/dL) 12.5(11-13.9) 2453

tData are count (%) or median (25th-75th percentiles)
fParticipants with data available for variable

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive
protein, Hb = haemoglobin

CPM Development

After backward stepwise selection on the full dataset, 5 of 10 candidate predictors were
selected in >70% of bootstrap samples in >5 of 10 multiply imputed datasets (appendix Table
8-37). The predictors selected were age (60% of multiply imputed datasets), BMI (100%),
CD4 count (100%), CRP (100%), and cough (50%). The appendix (Tables 8-37 and 8-38)
shows all coefficients and knot locations of the CPMs. CRP had the strongest association
with the outcome from all predictors (appendix Figure 8-14). The appendix (Figure 8-15)
shows the associations (excluding cubic spline transformations) between each retained

predictor and the outcome after fitting a linear mixed-effects model across datasets.

CPM validation

For the extended CPM, Figure 5-2 shows forest plots for performance statistics calculated
during IECV. Discrimination was excellent. Pooled c-statistic was 0.81 (0.77, 0.84). C-
statistics were consistent within active case-finding settings but heterogenous in passive-case
finding settings. Calibration was adequate. Pooled calibration-in-the-large was 0.02 (-0.15,

0.20). There was slight underestimation of risk in the Lawn and Scottsdene cohorts. Pooled
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calibration slope was 0.96 (0.83, 1.09). The calibration plots suggest reasonable agreement
between predicted and observed risk for most cohorts (appendix Figure 8-16) but suboptimal
calibration in the Reeve cohort (appendix Figure 8-16A). The joint probability of achieving a
C-statistic > 0.80 and a calibration slope between 0.8 and 1.2 was 54% (appendix Table 8-
40).

Figure 5-2: Forest plots showing extended CPM discrimination (A), calibration-in-the-

large (B), and calibration slope (C)
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For the CRP-only CPM, Figure 5-3 shows forest plots for performance statistics calculated
during IECV. Discrimination was similar to that of the extended CPM with a pooled C-
statistic of 0.79 (0.74, 0.83); calibration was also adequate. Pooled calibration-in-the-large
was 0.02 (-0.15, 0.20). There was slight underestimation of risk in the Scottsdene cohort and
slight overestimation in the Reeve cohort. Pooled calibration slope was 0.98 (0.83, 1.09). The
appendix (Figure 8-17) shows that calibration plots were similar to those of the extended
CPM with suboptimal calibration in the Reeve and Scottsdene cohorts (appendix Figures 8-
17A and 8-17G). The joint probability of achieving a C-statistic > 0.80 and a calibration
slope between 0.8 and 1.2 was 38% (appendix Table 8-39).

Figure 5-3: Forest plots showing C-reactive protein only CPM discrimination (A),

calibration-in-the-large (B), and calibration slope (C)
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Table 5-2 compares performance statistics for both CPMs with WHO-recommended
screening tools and another published CPM. Both CPMs had higher discrimination.

Table 5-2: Performance statistics of extended and C-reactive protein only CPMs, WHO-

recommended tools and other CPMs*

Calibration-in-the-

Model/Test Concordance statistic large Calibration slope
Extended CPM 0.81(0.77, 0.84) 0.02 (-0.15, 0.20) 0.96 (0.83, 1.09)
CRP only CPM 0.79 (0.74, 0.83) 0.01 (-0.20, 0.22) 0.97 (0.86, 1.08)
W4SS 0.57 (0.51, 0.63)

CRP (5mg/dL) 0.70 (0.63, 0.75)

Hanifa CPM 0.71(0.68, 0.75) 0.41 (-0.21, 1.03) 1.05 (0.79, 1.32)

*The Extended CPM contained CRP, age, body mass index, CD4 cell count, and cough as predictors
along with spline transformations for continuous variables. The CRP-only CPM only included CRP as a
predictor along with spline transformations

*W4SS performance statistics calculated only for ACF datasets as all participants in PCF datasets were
WA4SS positive

TCRP (5mg/dL cutoff) performance statistics exclude study by Boyles et al as all participants in that
study had CRP level >=5mg/L

Definition of abbreviations: CRP = C-reactive protein

Assessment of clinical utility

Figure 5-4 and the appendix (Figure 8-18) show decision-curve analyses from the pooled
IECV validation sets. Net benefit of both CPMs was equivalent or higher than that of other
strategies across the range of threshold probabilities. Between threshold probabilities of 0%
and 3.1%, net benefit of a “confirmatory testing for all” strategy was at least equivalent to
that of both CPMs. Between threshold probabilities of 3.1% and 7.7%, net benefit of CRP (5
mg/L cut-off) was at least equivalent to that of both CPMs. At a threshold probability >7.7%,
net benefit of both CPMs was higher than that of other strategies. The net benefit of 1
published CPM!!® was generally lower than that of both CPMs except at very low threshold
probabilities (<3.1%). Results were similar when excluding passive-case finding cohorts
(appendix Figure 8-18). Net benefit of the W4SS was lower than that of both CPMs and CRP
(5 mg/L cut-off) across all threshold probabilities.
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Figure 5-4: Decision curve analysis comparing the extended and C-reactive protein only
CPMs to other tools or strategies other than W4SS among active and passive case-

finding cohorts*}

We applied CRP (5 mg/L cut-off) to the stacked multiply imputed datasets (Table 5-3). CRP
(5 mg/L) would have captured 91% of tuberculosis cases and resulted in confirmatory testing
for 54% of participants. In comparison, to capture a similar percentage of cases, both CPMs
would have resulted in confirmatory testing for a similar percentage of participants. To
capture 95% of those with tuberculosis, the extended and CRP-only CPMs would have
resulted in confirmatory testing for 74% and 75% of participants, respectively. Excluding
passive-case finding cohorts, since all participants in those cohorts were W4SS positive, we
applied the W4SS to the stacked multiply imputed datasets (Table 5-3). The W4SS would
have captured 91% of tuberculosis cases and resulted in confirmatory testing for 78% of
participants. CRP (5 mg/L cutoff), the extended CPM (4.2% threshold), and the CRP-only
CPM (3.6% threshold) would have captured a similar percentage of cases but required

confirmatory tests for only 50%, 59%, and 57% of participants, respectively.

100



Table 5-3: Trade-off between percentage of tuberculosis cases captured and percentage
of participants needing confirmatory testing for extended CPM, C-reactive protein only

CPM, and WHO-recommended tools using the 10 stacked multiply imputed datasets*

CPM-based Percentage of Percc.antage of all Num.ber of
. . needing confirmatory tests
CPM or tool tuberculosis tuberculosis cases "
confirmatory to capture one
threshold captured . .
testing tuberculosis case
Active and passive case-finding cohorts (n=41,080)*t
CRP 5 mg/L 91 54 4
Extended CPMt 4.9% 91 56 4.1
C-reactive protein only o
CPM{t 4.2% 91 54 4
Extended CPMtt 2.9% 95 74 5.3
C-reactive protein only o
CPMtt 3.0% 95 75 5.3
Active case-finding cohorts (n=36,670)§
W4SS 91 78 6.5
CRP 5 mg/L 89 50 4.3
Extended CPM# 4.2% 91 59 4.9
C-reactive protein only o
CPM# 3.6% 91 57 4.8
Extended CPMt+t 2.7% 95 76 6.1
C-reactive protein only 2.8% 95 80 6.4

CPMtt

*Excludes study by Boyles et al, as all participants in that study had CRP level >=5mg/L

tFor both CPMs, thresholds were selected to capture a similar percentage of tuberculosis cases compared with CRP at 5
mg/L cut-off (91%)

tTtFor both CPMs, thresholds were selected to capture a similar percentage of tuberculosis cases compared with an ideal
triage test according to WHO target product profile (95%)

#For both CPMs, thresholds were selected to capture a similar percentage of tuberculosis cases compared with W4SS
§Excludes 3 passive case-finding cohorts, as all participants in that study had a positive W4SS

Definition of abbreviations: CRP = C-reactive protein
Sensitivity analyses
We repeated analyses for the extended CPM using an alternative imputation method
(appendix Figure 8-19 and Table 8-41). The results were similar to the main analyses.
5.5 Discussion
We investigated the utility of WHO-recommended screening tools (W4SS and CRP [5 mg/L

cut-off]) and developed and validated 2 CPMs for tuberculosis screening in outpatient PLHIV
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using 8 cohorts (4,315 participants). At validation, the extended CPM showed excellent
discrimination and adequate calibration; the CRP-only CPM showed similar performance.
The W4SS and CRP (5 mg/L cut-off) had lower discrimination. Both CPMs had equivalent
or higher net benefit across all threshold probabilities compared with other tools or strategies.
However, CRP (5 mg/L cut-off) demonstrated similar net benefit to both CPMs over a
clinically plausible range of threshold probabilities; CRP (5 mg/L cut-off) also met WHO
minimum sensitivity requirements (90% sensitivity). At lower threshold probabilities, or if
WHO optimal sensitivity requirements (95% sensitivity) are preferred, both CPMs and a
“confirmatory testing for all” strategy had similar net benefit. The W4SS had suboptimal net
benefit. CRP (5 mg/L cut-off) had similar sensitivity to the W4SS but required 36% fewer

confirmatory tests.

By assessing clinical utility, we provide further evidence of CRP’s value for tuberculosis
screening in outpatient PLHIV. In a recent meta-analysis, CRP (5mg/L cutoff) showed
similar sensitivity but higher specificity compared with W4SS,!®® leading to its inclusion in
updated WHO tuberculosis screening guidelines.!® It is recommended that emerging
biomarkers be evaluated against available tools.?!* Our findings suggest that CRP and the
newly developed CPMs be used as a benchmark to evaluate emerging biomarkers for
tuberculosis screening; CRP may also be combined with other biomarkers to improve
predictive performance. The addition of clinical characteristics (i.e., W4SS symptoms) to
CRP provided minimal extra information, since both CPMs showed similar performance. The
WA4SS is a key component of tuberculosis screening guidelines but has suboptimal utility.
Variable selection further demonstrated the limited role of symptoms in predicting

tuberculosis as only 1 of the 4 W4SS symptoms was retained during backward selection.

Although CRP (5mg/L cutoff) and both CPMs had high net benefit across a wide range of
thresholds, a ‘confirmatory testing for all’ strategy may be considered if a setting has
resources to perform many confirmatory tests per case diagnosed. Given the high prior-
probability of tuberculosis in this study (tuberculosis prevalence between 25-38% in passive-
case finding cohorts and 10-17% in active case-finding cohorts not yet on ART), a

‘confirmatory testing for all’ strategy may be plausible.

We externally validated a published CPM by Hanifa et al,!'* which showed suboptimal utility
and performance compared with our CPMs. Hanifa et al included similar predictors but did

not include CRP or account for non-linear associations. Auld et al recently developed a CPM
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for tuberculosis in outpatient PLHIV and validated the CPM in 3 cohorts.!!! The CPM
included W4SS symptoms, sex, smoking status, temperature, BMI, and hemoglobin as
predictors. However, at a cut-off that provides similar sensitivity to W4SS, the score did not
improve specificity. The score was also externally validated using a cohort included in this
article, showing much lower discrimination than the extended CPM (C-statistic of 0.63 vs
0.82 for the extended CPM).5¢ Baik et al recently developed a CPM for tuberculosis in
symptomatic outpatients irrespective of HIV status. However, performance was not assessed
in PLHIV.!'? Balcha et al developed a relatively complex CPM for tuberculosis among
outpatients with a positive W4SS. However, the CPM has not been validated internally or
externally.!'* Similarly, the TBscore has been developed but is complex, consisting of 11

symptoms and signs, and has low specificity (36%).2%

Our study has several strengths. This study is the only one to validate a CPM and other tools
for tuberculosis using the recommended IECV framework.!3* We included a large population
of outpatient PLHIV from 8 different settings to evaluate generalizability. We also included
outpatient PLHIV irrespective of case-finding status to improve generalizability. We used
various measures of clinical utility, including net benefit and the trade-off between number of
tuberculosis cases captured and unnecessary additional confirmatory testing. For CPM
development, we used multiple imputation to handle missing data, selected readily available
predictors, avoided categorization of continuous variables, and accounted for non-linear
relationships. Finally, we adhered to the TRIPOD statement and additional

guidelines, 13-206207

Our study has several limitations. First, active case-finding study populations did not include
PLHIV on ART and passive case-finding cohorts only comprised 15% of all data. Therefore,
results should be extrapolated with caution to these subpopulations. However, PLHIV not on
ART - who comprised 91% of participants - currently still represent a third of all PLHIV

Y216 and have a high tuberculosis prevalence (~10-15%).'3® Second, all

(~13 million people
cohorts were drawn from high-burden outpatient settings in South Africa and Uganda,
meaning results may not generalize to low-burden settings. Third, we did not include certain
well-known predictors of tuberculosis such as hemoglobin,'?! because of missing data. We
were also unable to evaluate chest X-ray — another WHO-recommended screening tool —
since only 1 study performed chest X-ray. However, chest X-ray has suboptimal diagnostic

performance as a screening tool and is only recommended in combination with W4SS.!83

Besides, it is often unavailable in outpatient settings.’* Fourth, although our results are largely
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applicable to pulmonary tuberculosis, extrapulmonary tuberculosis is less likely in outpatient
settings. Fifth, we were unable to evaluate several published CPMs with predictors that were

111,112,114,116,145,204 Flnally
b

not measured in some or all cohorts. we did not investigate the cost

and resource implications of CRP-based strategies.

In conclusion, our findings define optimal tuberculosis screening strategies in outpatient
PLHIV based on currently available data, accounting for the trade-off between the number of
tuberculosis cases diagnosed and number of confirmatory tests performed. CRP (5mg/L
cutoff) - which has been recently recommended by WHO — showed optimal net benefit across
a plausible range of thresholds. Two newly developed CPMs that incorporate CRP as a
predictor may add value at more extreme threshold probabilities — where resources allow
more or fewer confirmatory tests per diagnosed case. A ‘confirmatory testing for all’ strategy
might also be considered if resources permit. Conversely, the WHO-recommended W4SS
showed suboptimal utility. CRP (either alone or as part of a CPM) sets the standard for
tuberculosis screening in outpatient PLHIV, and the newly developed CPMs may also be
used as a benchmark to evaluate future biomarkers or combined with other biomarkers to

improve predictive performance.
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CHAPTER 6: DISCUSSION OF THESIS

6.1 Summary of findings

In this thesis, I evaluated different strategies to improve screening and diagnosis of
tuberculosis in PLHIV in resource-limited settings. This section summarizes the key findings

of the research papers in chapters 2 to 5, which relate to the four separate objectives.

6.1.1 Objective 1 — To determine the diagnostic accuracy of the W4SS and
alternative screening tools and strategies in ambulatory PLHIV,

including key subgroups

In chapter 2, I conducted a systematic review and IPDMA using data from 22 studies and
15,666 ambulatory PLHIV to inform an update to WHO tuberculosis screening guidelines in
ambulatory PLHIV, including key subgroups.

Among outpatients not on ART, I showed that W4SS sensitivity was 85% (76, 91) but
specificity was only 37% (25, 51; n=11,160). CRP (>10 mg/L) had similar sensitivity (83%
[79, 86]) to W4SS, but higher specificity (67% [60, 73]; n=3,187), and a sequential strategy
(second screening test offered only if first screening test is positive) of W4SS then CRP (=5
mg/L) also had a similar sensitivity (84% [75, 90]) to W4SS, but higher specificity (64% [57,
71]; n=3,187) than W4SS; at 10% tuberculosis prevalence, these strategies would require 272
and 244 fewer rapid Xpert confirmatory tests per 1,000 PLHIV than W4SS but miss two and

one more tuberculosis cases, respectively.

Among outpatients on ART, W4SS sensitivity was only 53% (35, 71) and specificity was
71% (51, 85; n=4,309). CRP data was limited, but a parallel strategy (two screening tests
offered at the same time) of W4SS with any chest X-ray abnormality had higher sensitivity
(89% [70, 97]) than W4SS, but lower specificity (33% [17, 54]; n=2,670); at a tuberculosis
prevalence of 5%, this strategy would require 379 more Xpert confirmatory tests per 1,000
PLHIV than W4SS but detect 18 more tuberculosis cases.

Regardless of ART status, chest X-ray had lower sensitivity than W4SS in studies that
directly compared both tests, making it unsuitable as a standalone screening test. Cough (>2
weeks), haemoglobin (<10 g/dL), BMI (<18.5 kg/m?), and lymphadenopathy had high
specificities (80-90%) but low sensitivities (29—43%).
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The WHO Xpert algorithm (W4SS followed by Xpert confirmatory testing if W4SS is
positive) had a sensitivity of only 58% (50, 66); Xpert confirmatory testing for all (i.e., no
screening test) had a slightly higher sensitivity of 68% (57, 76). One study among outpatients
not on ART assessed both Xpert and Xpert Ultra; the sensitivity of sputum Xpert Ultra was
higher than sputum Xpert (73% [62, 81] vs 57% [47, 67]) and specificities were similar (98%
[96, 98] vs 99% [98, 100]).

6.1.2 Objective 2 — To determine the performance of the W4SS and alternative

screening tools and strategies in HIV-positive inpatients

In chapter 3, I conducted a systematic review and IPDMA using data from 6 studies and
3,660 HIV-positive inpatients admitted to hospital irrespective of tuberculosis symptoms and

signs to inform an update to WHO tuberculosis screening guidelines in this population.

I showed that the pooled proportion of inpatients eligible for an Xpert confirmatory testing
using the WHO-recommended W4SS was high (90% [95% CI 89, 91; n=3,658]). Among
screening tools to guide Xpert confirmatory testing, W4SS and CRP (>5 mg/L) had the
highest sensitivities (>96%) but very low specificities (<12%); cough (>2 weeks),
haemoglobin concentration (<8 g/dL), BMI (<18.5 kg/m?), and lymphadenopathy had higher
specificities (61-90%) but suboptimal sensitivities (12—57%).

The WHO Xpert algorithm (W4SS followed by Xpert confirmatory testing if W4SS is
positive) had a sensitivity of 76% (95% CI 67, 84) and specificity of 93% (88, 96; n=637).
Xpert for all had similar accuracy to the WHO Xpert algorithm: sensitivity was 78% (95% CI
69, 85) and specificity was 93% (87, 96; n=639). Finally, in two cohorts that had sputum and
non-sputum samples collected for culture or Xpert, diagnostic yield of routine sputum Xpert
was only 41-70% (mostly because a high proportion of inpatients were unable to produce

sputum) and 61-64% for routine urine Xpert.

6.1.3 Objective 3 — To determine the performance of WHO screening criteria
and alternative screening tools and strategies to guide LF-LAM testing

in HIV-positive inpatients

In chapter 4, I conducted a systematic review and IPDMA using data from 5 studies and
3,504 HIV-positive inpatients admitted to hospital irrespective of tuberculosis symptoms and
signs to 1) assess the performance of WHO screening criteria and alternative screening

tools/strategies to guide LF-LAM testing and 2) compare diagnostic accuracy of the WHO
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AlereLAM algorithm (WHO screening criteria followed by AlereLAM if screen positive)
with AlereLAM and FujiLAM (a novel LF-LAM test) testing in all HIV-positive inpatients.

I show that the pooled proportion of inpatients eligible for AlereLAM using WHO screening
criteria is high (93% [95%CI 91, 95]). Among screening tools and strategies to guide LF-
LAM testing, WHO criteria, CRP (=5 mg/L), and CD4 cell count (<200 cells/ uL) had high
sensitivities but low specificities; cough (>2 weeks), haemoglobin ( <8 g/dL), BMI (<18.5
kg/m?), lymphadenopathy, and WHO-defined danger signs had higher specificities but

suboptimal sensitivities.

AlereLAM in all HIV-positive inpatients had the same sensitivity (62%) and specificity
(88%) as that of the WHO AlereLAM algorithm. In 2 studies, sensitivity of FujiLAM was 21
percentage points higher than AlereLAM and specificity was 8§ percentage points lower,
although confidence intervals overlapped. In 2 studies that collected sputum and non-sputum
samples for Xpert and/or culture, diagnostic yield of sputum Xpert was 40—41%, while
diagnostic yield of AlereLAM was similar or higher (39-76%), since urine samples were
obtained from almost all inpatients, but many were unable to produce sputum. In one study,
FujiLAM diagnosed twice as many tuberculosis cases compared with AlereLAM (80% vs
39%), and sputum Xpert combined with AlereLAM, urine Xpert, or FujiLAM diagnosed
61%, 81%, and 92% of all cases, respectively.

6.1.4 Objective 4 — To develop and validate novel CPMs for pulmonary
tuberculosis screening in outpatient PLHIV and to determine the

clinical utility of these CPMs and WHO-recommended screening tools

In chapter 5, I conducted an IPDMA using data from 8 cohorts and 4,315 outpatient PLHIV
(the majority of whom were not on ART) who were enrolled either regardless of signs and
symptoms of tuberculosis (ACF) or with a positive W4SS (PCF). I developed and validated 2
novel CPMs in outpatient PLHIV for pulmonary tuberculosis and determined the utility of

these CPMs and WHO-recommended screening tools.

I show at validation that the extended CPM (which contained CRP, age, BMI, CD4 cell
count, and cough) had excellent discrimination (C-statistic 0.81 [0.76, 0.86]) and the CRP-
only CPM (which only included CRP as a predictor along with spline transformations) had
similar discrimination (C-statistic 0.79 [0.74, 0.83]). Both CPMs had higher discrimination
than WHO-recommended screening tools: CRP (>5mg/L [C-statistic 0.70 [0.63, 0.75]) and
WA4SS (C-statistic 0.57 [0.51, 0.63]).
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Using decision curve analysis to assess clinical utility, both CPMs showed equivalent or
higher net benefit across all threshold probabilities compared with other tools or strategies
(including WHO-recommended screening tools). Compared with both CPMs, CRP (>5mg/L)
showed optimal net benefit across a plausible range of thresholds (~13 to 32 confirmatory
tests performed to identify one tuberculosis case). The newly developed CRP-based CPMs
added value at more extreme thresholds — if resources permit more confirmatory tests per
diagnosed case or if resources only allow fewer confirmatory tests per diagnosed case. The
WA4SS demonstrated lower net benefit compared with other screening tools and both CPMs.
The W4SS would capture 91% of tuberculosis cases and result in confirmatory testing for
78% of participants; CRP (=5 mg/L) would capture a similar number of participants
compared with W4SS but reduce confirmatory tests required by 36%.

6.2 Limitations

This section summarizes overall limitations of these analyses. The limitations of each

research paper are discussed in chapters 2 to 5.

First, some analyses in certain subgroups (e.g., outpatients on ART, pregnant PLHIV, and
inpatients) were based on limited data, leading to inadequate precision and wide 95% Cls.
Specifically, data on CRP in PLHIV on ART were scarce, impacting conclusions for chapters
2 and 5. This limitation highlights the need for additional diagnostic accuracy studies in these
subgroups irrespective of tuberculosis symptoms and signs. Further diagnostic test accuracy
studies are especially needed for PLHIV on ART given the limited data on this group and
recent rapid increase in ART coverage. The generalizability of these findings will be further
limited as ART coverage increases over the coming years. Another potential limitation is that
I did not evaluate diagnostic accuracy by other factors (e.g., age and sex). However,
diagnostic accuracy likely varies less for these factors than the factors evaluated (i.e., ART

status and CD4 cell count).

Second, most studies included in the IPDMAs were from sub-Saharan Africa, and there were
few studies from countries other than South Africa. Almost half of all included studies were
done in South Africa, which might also be considered more urbanised than other low-income
and middle-income countries. Thus, the generalisability of the findings within these IPDMAs
to other geographical regions and to settings with a low tuberculosis prevalence is unclear.
However, the WHO African region accounted for 74% of all HIV-associated tuberculosis

cases in 2020 and has 23 countries on WHQO’s global list of 30 countries with a high burden
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of HIV-associated tuberculosis.! Study findings might not also be generalisable to children

with HIV, and test performance might vary in the context of regular screening.

Third, for the studies that contributed to chapters 2, 3, and 4, I only included participants in
analyses if they had complete data on both the index test in question and the reference
standard. For example, participants who were unable to produce a sputum sample were
largely excluded from several analyses because a sputum sample is required for sputum
culture, meaning that findings might not generalise to this to those who are unable to produce
sputum. In chapter 5, we included participants unable to produce a sputum sample, since

multiple imputation was used to deal with missing data prior to prediction modelling.

Fourth, the reference standard might be considered imperfect. Few studies included extra-
pulmonary tuberculosis samples for culture or Xpert, meaning our results are more applicable
to pulmonary tuberculosis. Since IPDMASs in chapters 3 and 4 were based on inpatient
cohorts, an imperfect reference standard might affect the results of these chapters to a greater
extent. Inpatients often present with extrapulmonary or disseminated tuberculosis and
produce paucibacillary sputum samples.?* The reference standard in all of the IPDMAs might
also be considered imperfect because sputum culture, which was all that was done in most of
the included studies, should ideally comprise multiple samples collected in the early morning
to maximise sensitivity, but this was not done in any of our included studies. The imperfect
reference standard may result in an underestimation of specificity and overestimation of
sensitivity of existing algorithms. Tuberculosis prevalence estimates are also likely to be
underestimates because of the limitations of our reference standard. A composite reference
standard (that includes clinical assessment) would likely have resulted in lower sensitivity
and higher specificity. However, a composite reference standard has disadvantages since the
individual components are assumed to have the same accuracy and to be independent of one
another.?!”>!® Other methods, such as latent class analysis, may be useful in the absence of

gold standard test.

It is unlikely, however, that this limitation would alter the findings in this thesis. For the
IPDMAs described in chapters 2 and 5, most tuberculosis cases in an outpatient screening
setting are likely pulmonary tuberculosis cases. Our results were also consistent across
several reference standards: culture, combinations of culture and Xpert, and Xpert (which is
the currently recommended confirmatory test). Diagnostic yield analyses for Xpert and LF-

LAM confirmatory tests in chapters 3 and 4 also did not require a reference standard. For the
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IPDMAs in chapters 2, 3, and 4, the alternative reference standards to assess screening tools
were the WHO-recommended confirmatory tests Xpert and LF-LAM, which correctly
classifies Xpert or LF-LAM positive tuberculosis, respectively. WHO recommends that the
diagnostic accuracy of screening tools be assessed against recommended confirmatory tests
that follow and not just culture (which is the gold standard).”® Furthermore, estimates of the
proportion of inpatients eligible for Xpert and AlereLAM according to WHO criteria in
chapters 2, 3, and 4 were based on data with higher methodological quality, since these

analyses did not require a reference standard.

Fifth, although the IPDMAs in chapters 2, 3, and 4 report diagnostic test accuracy using
direct comparisons, which minimizes confounding by applying both tests to each individual,
these analyses were limited by fewer studies and reduced precision. Furthermore, the limited
number of studies included in the IPDMAs for chapters 3, 4, and 5 precluded adequate

investigation of heterogeneity, as well as publication bias.

Sixth, I was unable to obtain IPD for 3 out of the 25 studies that contributed to chapter 2,
although these 3 studies comprised only 8% of potentially available data. For the IPDMAs
described in chapters 3, 4, and 5, all studies identified in the systematic review were obtained

and included in analyses.

Seventh, data on some confirmatory tests were limited or not sought. Only 2 studies
evaluated FujiLAM. Although we sought data for Xpert Ultra, only 1 study in chapter 1
assessed Xpert Ultra,'”* and no studies in chapters 2 and 3 assessed Xpert Ultra. We also did
not attempt to obtain data on other molecular-based tests, such as TB-LAMP and Trunat
assays. However, TB-LAMP has suboptimal sensitivity in PLHIV and is not recommended
by WHO.®! Furthermore, WHO recently assessed the diagnostic accuracy of Trunat assays,
finding that no study has assessed this assay in PLHIV irrespective of tuberculosis symptoms

and signs.>®

Eighth, data on some screening tools were limited. We used W4SS or CD4 cell count <200
cells/uL as WHO eligibility criteria for AlereLAM in chapter 4, given limited data on WHO-
defined danger signs and WHO stage. However, if WHO-defined danger signs and WHO
stage were included in the definition of WHO eligibility criteria for AlereLAM, the
proportion eligible for AlereLAM would be even higher. Thus, this limitation would not alter
the conclusions of this chapter. For the IPDMA in chapter 5, several potential predictors of

tuberculosis were not included during CPM development. These predictors were missing for
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a large proportion of participants or unmeasured in several cohorts. For example, data on

haemoglobin, a well-known predictor of tuberculosis, '?!

was missing in 43% of individuals
overall and systematically missing (i.e., 100% missing) in 2 cohorts. I was also unable to
validate several published CPMs in the literature with predictors that were not measured in

some or all COhOI’tS 111,112,114,116,145,204

Finally, for the IPDMAs in chapters 2 and 3, calculations based on a hypothetical cohort were
presented to give insight into consequences of screening and confirmatory testing, but these
calculations were often based on heterogenous diagnostic test accuracy measures.
Furthermore, in the case of inpatients, these calculations were based on diagnostic accuracy
results derived from few participants, some of whom had an imperfect reference standard
done. Therefore, these results should be treated with caution given the uncertainty of the

estimates that these results were based on.

6.3 Implications of findings

This section discusses the implications of the findings for global tuberculosis control
strategies based on the research papers in chapters 2 to 5. The findings in chapters 2 and 3
informed the updated 2021 WHO guidelines on tuberculosis screening in PLHIV, leading to

5 new or updated WHO recommendations (Table 6-1).'%

Table 6-1: New or updated WHO recommendations for tuberculosis screening among
PLHIV!8

1 | Among adults and adolescents living with HIV, systematic screening for tuberculosis
disease should be conducted using the WHO-recommended four symptom screen and
those who report any one of the symptoms of current cough, fever, weight loss or night
sweats may have tuberculosis and should be evaluated for tuberculosis and other
diseases

(existing recommendation: strong recommendation, moderate certainty of evidence).

2 | Among adults and adolescents living with HIV, C-reactive protein with a cut-off of > 5
mg/L may be used to screen for tuberculosis disease.

(new recommendation: conditional recommendation, low certainty of evidence for

test accuracy).

3 | Among adults and adolescents living with HIV, chest X-ray may be used to screen for
tuberculosis disease.

(new recommendation: conditional recommendation, moderate certainty of evidence
for test accuracy).

4 | Among adults and adolescents living with HIV, molecular WHO-recommended rapid

111



diagnostic tests may be used to screen for tuberculosis disease
(new recommendation: conditional recommendation, moderate certainty of evidence
for test accuracy).

5 | Adult and adolescent inpatients with HIV in medical wards where the tuberculosis
prevalence is > 10% should be tested systematically for tuberculosis disease with a
molecular WHO-recommended rapid diagnostic test

(new recommendation: strong recommendation, moderate certainty of evidence for
test accuracy).

6.3.1 Screening for tuberculosis in outpatient PLHIV not on ART

My findings in chapters 2 and 5 suggest that CRP has good diagnostic accuracy and utility in
outpatient PLHIV not on ART. CRP (>10 mg/L) approached WHO minimum thresholds for a
screening tool in this subgroup (with 83% sensitivity and 67% specificity vs WHO’s
thresholds of 90% sensitivity and 70% specificity). Although CRP (>5 mg/L) has lower
specificity (53%), WHO recommended CRP at this cut-off because of higher sensitivity
(89%; Table 6-1).!8

The major advantage of CRP compared with W4SS is that its higher specificity translates into
fewer subsequent Xpert tests required. At 10% tuberculosis prevalence, CRP (>10 mg/L) or a
strategy of W4SS then CRP (=5 mg/L) would reduce the number of Xpert tests required
compared with W4SS by 42% and 37%, respectively, while capturing a similar number of
tuberculosis cases. Efforts to scale-up Xpert have been slow, especially in decentralised
locations in high HIV-tuberculosis burden countries.>*!”® Xpert is also able to provide a result
in 2 hours, but in the real world results take several days.’' By reducing the number of Xpert
tests required, CRP may not only allow for broader implementation of Xpert but also reduce
the time to a result. Since CRP is a better rule out test than W4SS, CRP would also reduce the
time to start IPT in PLHIV.

CRP has the potential for affordable scale-up. Several POC assays are available, ranging
from qualitative lateral-flow assays that do not require a power source or refrigeration to
quantitative assays that require a small machine.!” CRP POC assays can cost US$2 per test,
provide results in less than 3 min, and be performed with minimal expertise (blood collected
by finger prick). In one cohort included in the IPD meta-analysis, the authors evaluated costs
of W4SS and CRP strategies in 1,245 outpatient PLHIV.* The W4SS followed by Xpert if
screen positive cost $12,000, while CRP (>8 mg/L) followed by Xpert if screen positive cost
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$7,968 (a 34% reduction in costs due to a reduction in the number of Xpert tests needed).
Both strategies captured a similar number of tuberculosis cases. Given the low sensitivity of
the current WHO Xpert algorithm, the reduction in costs could allow for confirmatory testing
with both Xpert and culture.?’ Possible barriers to the implementation of POC CRP include

negative effects on clinic workflows, human resources, and workload.?"”

The findings in chapter 5 highlight the clinical utility of CRP not only at the new WHO-
recommended Smg cut-off but also when incorporated into CPMs. Both newly developed
CPMs outperformed an existing CPM by Hanifa et al and, in 1 cohort, another CPM by Auld
et al.!'"!!> The CPMs have clinical utility if resources would allow more or fewer
confirmatory tests per diagnosed case than that of CRP (=5 mg/L). The W4SS was found to
have suboptimal utility. The addition of clinical characteristics (i.e., W4SS symptoms) to
CRP provides minimal extra information, since both CPMs showed similar performance.
Variable selection further demonstrated the limited role of symptoms in predicting

tuberculosis as only 1 of the 4 W4SS symptoms was retained during backward selection.

Of the other screening tools evaluated, haemoglobin, BMI, and lymphadenopathy had low
sensitivities, making them unsuitable as screening tests. Their presence, however, should
prompt a thorough search for tuberculosis, given their high specificities and known

association with mortality.'8!-182

6.3.2 Screening for tuberculosis in outpatient PLHIV on ART

My findings in chapter 2 suggest that more data and/or new screening strategies are needed to

determine the optimal screening approach in outpatients on ART.

The WHO still recommends the W4SS in outpatients on ART, although the W4SS misses
approximately 50% of tuberculosis cases. A parallel strategy of W4SS combined with chest
x-ray would detect 70% more tuberculosis cases than W4SS alone at 5% tuberculosis
prevalence. Therefore, WHO now also recommends this strategy in outpatients on ART
(Table 6-1). However, this strategy would require that 40% of outpatients on ART receive a
chest X-ray and 80% receive an Xpert test. This strategy might not only pose a substantial
cost burden, but also pose other challenges, such as a negative effect on infrastructure and
human resources. Furthermore, in a 2016 survey of 14 countries with a high HIV-associated
tuberculosis burden, only 14% of those countries had chest X-ray available as a screening
tool in primary health centres.”* However, newer advances (e.g., computer-aided detection

software) may facilitate easier implementation of this strategy. A further advantage of chest
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X-ray is that it provides additional diagnostic information for diseases other than

tuberculosis.

Compared with the parallel strategy of W4SS combined with chest X-ray, Xpert for all (i.e.,
no screening tool) would likely have similar costs but would detect more tuberculosis cases.
CRP holds promise in this population, but limited data precluded any conclusions on its use.
In 1 study of 381 outpatients on ART, CRP (=5mg/L) had higher sensitivity compared with
WA4SS (40% vs 8%).”! Finally, of the other screening tools evaluated, haemoglobin, BMI, and
lymphadenopathy had high specificities, meaning that those with a positive screen require

confirmatory testing for tuberculosis.

6.3.3 Screening for tuberculosis in HIV-positive inpatients

My findings in chapters 2 and 3 suggest that screening tools have suboptimal accuracy in
HIV-positive inpatients. Based on the findings, I argue that hospitals should implement
confirmatory testing with Xpert and AlereLAM in all HIV-positive medical inpatients. WHO

has now recommended Xpert testing in all HIV-positive medical inpatients (Table 6-1).

The specificities of W4SS and CRP were much lower than in outpatient PLHIV. As a result,
an estimated 90% and 84% of inpatients had a positive W4SS and CRP (=10mg/L),
respectively, and would require further confirmatory testing with Xpert. The specificity of
WHO screening criteria for AlereLAM confirmatory testing was also low. As a result, as an
estimated 93% of inpatients had a positive screen and would require further confirmatory
testing with AlereLAM. The low specificities of these screening tools are likely a result of the
high prevalence of other opportunistic diseases and bacterial infections in inpatients without
tuberculosis. Of all potential screening tools to guide AlereLAM testing, CD4 cell count
(<200 cells/ uL) provided the best trade-off between sensitivity and specificity. However,

CD4 cell count would miss 10% of AlereLAM positive tuberculosis cases.

The diagnostic yield findings in chapters 2 and 3 highlight the value of urine-based
confirmatory testing in inpatients. If only universal sputum Xpert is done, an estimated 60%
of tuberculosis cases would be missed. The low yield of sputum Xpert is because inpatients

18,20.189 an estimated 35—

have difficulty producing sputum for testing. In 3 included cohorts,
54% of participants could not produce sputum for Xpert testing. Therefore, AlereLAM or

urine Xpert might have an important role in inpatients who are unable to produce sputum. It
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is unclear whether urine Xpert or AlereLAM provides higher yield. Urine Xpert had higher
yield compared with AlereLAM in one included cohort,?° but the opposite was true in another

included cohort.'®

Xpert and AlereLAM in all HIV-positive inpatients has several advantages. First, since
almost all HIV-positive inpatients met WHO eligibility requirements for both tests, universal
testing might reduce diagnostic complexity and accelerate clinical decision making in busy
inpatient settings. For example, CD4 cell count is part of the WHO criteria for AlereLAM
testing but may not be immediately available to clinicians. Second, Xpert and AlereLAM
were positive in 2% and 5% of inpatients who did not meet WHO criteria for testing,
respectively. Third, in the real world, all HIV-positive inpatients who qualify for Xpert and
AlereLAM testing might not ultimately receive a test. In two included studies, at least 90% of
HIV-positive inpatients met WHO criteria for Xpert and AlereLAM, but clinicians identified
only 38-64% as having possible tuberculosis after clinical assessment.'®!% In 1 of the
studies, 19% of inpatients without clinically suspected tuberculosis had a positive AlereLAM
test.'®” Fourth, routine AlereLAM testing (in addition to routine sputum Xpert) was cost-
effective in the STAMP trial.!® Fifth, two randomised trials have demonstrated a reduction in
all-cause mortality among HIV-positive inpatients with the use of urine-based diagnostics
(AlereLAM and/or urine Xpert) in addition to routine diagnostics.'® One trial included HIV-
positive inpatients irrespective of tuberculosis signs and symptoms,'®7® while the other
included inpatients with a positive W4SS (which comprise > 90% of HIV-positive
inpatients).”® Despite these findings, a recent survey of 24 high tuberculosis/HIV burden

countries revealed that only 4 (17%) were using AlereLAM in all hospitals. 2%

An alternative strategy to tuberculosis screening is empirical tuberculosis treatment. No trials
have been conducted in HIV-positive inpatients. However, among outpatient PLHIV with
severe immunosuppression, empirical tuberculosis treatment did not reduce mortality
compared with treatment following extensive tuberculosis screening.??° Other randomised
controlled trials have also shown that empirical tuberculosis treatment did not reduce

mortality compared with IPT/TPT or treatment according to tuberculosis guidelines.??!22?

6.3.4 The accuracy of the WHO algorithm vs confirmatory testing for all

Based on findings in chapters 2 and 3, WHO now recommends that Xpert for all be
considered as an alternative to the WHO Xpert algorithm (Table 6-1), though this strategy is

only possible if a setting has resources to perform many confirmatory tests per case

115



diagnosed. An important implication of the findings in chapters 2, 3, 4, and 5 is that the entire
WHO algorithm and confirmatory testing for all are unable to definitively rule out

tuberculosis.

In all outpatients, the WHO Xpert algorithm and Xpert for all would miss 40% and 33% of
tuberculosis cases, respectively. The low yield is because both the W4SS and Xpert have
inadequate sensitivities. However, Xpert Ultra may improve yield. For example, in 1 included
cohort of outpatients not on ART, Xpert Ultra improved sensitivity compared with Xpert by

16 percentage points (73% vs 57%).!7

Similarly, in HIV-positive inpatients, both Xpert and AlereLAM were insufficiently sensitive
to identify all tuberculosis cases. In 1 included cohort,?® sputum Xpert combined with either
urine Xpert or AlereLAM missed 19% and 39% of tuberculosis cases, respectively. In those
with a negative result on both tests, physicians should consider additional diagnostic
approaches that incorporate clinical symptoms and signs, radiological tests (e.g., chest x-ray
and abdominal ultrasound), laboratory tests (e.g., haemoglobin concentration), and

tuberculosis confirmatory tests on non-sputum samples (e.g., Xpert Ultra).4552121.19.197

Newer technologies might substantially close the diagnostic gap in inpatient populations. For
example, sputum Xpert Ultra and FujiLAM have shown increased sensitivity compared with
Xpert and AlereLAM, respectively.*7 In chapter 4, sputum Xpert when combined with
FujiLAM diagnosed 92% of tuberculosis cases (versus 61% when combined with
AlereLAM). In a recent Cochrane systematic review, sputum Xpert Ultra increased
sensitivity over sputum Xpert in PLHIV by 13 percentage points (88% vs 75%).%
Furthermore, a recent study showed that the sensitivity of urine Xpert Ultra was double that

of AlereLAM (33% vs 16%).%

6.4 Future research

This section discussed suggestions for future research based on gaps identified in the research
papers in chapters 2 to 5.

6.4.1 Further studies to assess screening tools and confirmatory tests

For screening tools, future diagnostic test accuracy studies should focus on evaluating CRP
for tuberculosis screening in outpatients on ART and pregnant PLHIV, as only 1 study

assessed CRP in outpatients on ART and no study assessed CRP in pregnant PLHIV. The
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newly developed CRP-based CPMs in chapter 5 also require validation in outpatient PLHIV
on ART and in outpatient PLHIV from PCF settings.

Further studies should focus on developing an accurate initial screening tool to guide
confirmatory testing in outpatients on ART and HIV-positive inpatients. Possible tools may
include biomarkers at different ‘omics’ levels and CPMs. In one study that assessed several
candidate transcriptional signatures for tuberculosis among participants with symptoms and
signs of tuberculosis, these signatures approximated or met the minimum WHO TPP for a
triage test.'>?> However, only 44 participants were PLHIV. In another study that recruited
PLHIV irrespective of tuberculosis symptoms and signs from a community setting, the
RISK11 blood transcriptional signature approached the minimum WHO TPP for a triage
test.!?> The newly developed CPMs in chapter 5 may be used as a benchmark to evaluate
emerging biomarkers for tuberculosis screening; CRP may also be combined with other
biomarkers to improve predictive performance. Particular attention should be placed on HIV-
positive inpatients; in chapter 3, no current screening tool had optimal accuracy in this
population, and resource-limited settings might be unable to do systematic confirmatory

testing with Xpert in all HIV-positive inpatients.

For confirmatory tests, only 1 study assessed Xpert Ultra. This study enrolled outpatients not
on ART irrespective of tuberculosis symptoms and signs, showing that Xpert Ultra improved
sensitivity over Xpert by 16 percentage points. No studies assessed Xpert Ultra in outpatients
on ART, pregnant PLHIV, and HIV-positive inpatients regardless of tuberculosis symptoms
and signs. Since Xpert Ultra improved sensitivity by a substantial margin over Xpert, further
studies should assess the accuracy of Xpert Ultra in all PLHIV irrespective of tuberculosis
symptoms and signs, including in key subgroups. Other molecular-based tests, such as TB-
LAMP and Trunat assays, also require evaluation. In chapter 4, only 2 studies evaluated
FujiLAM in 477 HIV-positive inpatients irrespective of tuberculosis symptoms and signs. In
these 2 studies, FujiLAM increased sensitivity by 21 percentage points compared with
AlereLAM. Another study in outpatient PLHIV not on ART has also showed that FujiLAM
increased sensitivity by 23 percentage points compared with AlereLAM.!%. Thus, future
studies should assess the accuracy of FujiLAM in PLHIV irrespective of tuberculosis

symptoms and signs.

The diagnostic accuracy of screening tools and confirmatory tests in different settings also

warrants attention. For example, future studies should assess test accuracy in countries
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outside of Africa, in settings with a low tuberculosis prevalence, and in the context of regular

screening.

Finally, future diagnostic test accuracy studies — especially those conducted among inpatients
— should be appropriately designed. Investigators should select a robust reference standard
that includes several samples for culture and Xpert from both pulmonary and extrapulmonary
sites. Furthermore, investigators should look to include participants who are unable to

produce sputum for testing.

6.4.2 Further studies to assess utility of certain screening tools and strategies

Diagnostic test accuracy studies should be followed by studies that measure the consequences
of a test. In other words, further studies are needed to determine the impact of tests or
strategies on health outcomes and costs. In particular, randomised trials are needed to
evaluate important health outcomes, such as morbidity, mortality. Other test characteristics

(e.g., feasibility, acceptability) also require evaluation.®!

Since chapters 3 and 4 show that currently available screening tools to guide Xpert and LF-
LAM confirmatory testing have low accuracy in inpatients, the analyses in these chapters are

likely sufficient to conclude that Xpert and AlereLAM for all inpatients has clinical value.

However, the clinical utility of screening tools in outpatient PLHIV might need to be
determined. Chapter 2, for example, showed that the specificity of CRP was higher than
WA4SS in outpatients not on ART, and a parallel strategy of W4SS and chest X-ray had higher
sensitivity but lower specificity in outpatients on ART. A randomized clinical trial might
determine the effect of replacing W4SS with these approaches on several outcomes such as
mortality, number of confirmatory tests needed, number of participants placed on IPT/TPT,
number of bacteriologically confirmed tuberculosis cases, and time to diagnosis of
tuberculosis. Furthermore, since decision makers need to consider the resource implications
of these alternative approaches, health economic analyses (using randomized trial data or
decision models) are also needed. These analyses may include cost-effectiveness, cost
minimization, and/or budget impact analyses. Finally, future studies should evaluate the
acceptability and feasibility of alternative tools and strategies for both the patient and the

health system.
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6.5 Conclusion

This thesis identified limitations of current tuberculosis screening strategies in PLHIV and
defined alternative strategies using an IPDMA. The WHO-recommended W4SS has
suboptimal sensitivity, specificity, and/or clinical utility in different subgroups of PLHIV. In
outpatients not ART, CRP (either as a standalone test or combined with W4SS in a sequential
strategy) reduces the need for further Xpert confirmatory testing compared with W4SS,
without compromising sensitivity. In outpatients on ART, CRP data is scarce, but chest X-ray
could be combined in parallel with W4SS, depending on available resources, because this
strategy detects more tuberculosis cases than W4SS alone. In all outpatient PLHIV, the WHO
tuberculosis screening and diagnostic algorithm (W4SS followed by Xpert if screen positive)
has suboptimal sensitivity; Xpert for all would offer slight sensitivity gains but would have
major resource implications. In HIV-positive medical inpatients, screening tools (including
WHO screening criteria) to guide confirmatory testing have suboptimal accuracy and might
complicate the tuberculosis diagnostic algorithm. Therefore, routine Xpert and AlereLAM
confirmatory testing should be done in all HIV-positive medical inpatients. Although routine
Xpert and AlereLAM testing would improve diagnostic yield, a negative result on both tests
does not rule out tuberculosis. The newly developed FujiLAM (and Xpert Ultra) may
substantially improve the rapid diagnosis of tuberculosis in this population. The findings of
this thesis have informed the updated 2021 WHO guidelines on tuberculosis screening in

PLHIV and led to 5 new or updated WHO recommendations.
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Table 8-1: Search terms

Pubmed

#1.

“HIV Infections” [MeSH] OR “HIV"[MeSH] OR “hiv’[tw] OR hiv infect*[tw] OR “human immunodeficiency virus’[tw] OR “human
immunedeficiency virus”[tw] OR “human immuno-deficiency virus”[tw] OR “human immune-deficiency virus”[tw] OR ((human
immun*) AND (“deficiency virus™[tw])) OR “acquired immunodeficiency syndrome”[tw] OR “acquired immunedeficiency
syndrome”[tw] OR “acquired immuno-deficiency syndrome”[tw] OR “acquired immune-deficiency syndrome”[tw] OR ((acquired
immun*) AND (“deficiency syndrome”[tw]))

#2.

"Tuberculosis"[Mesh] OR tuberculosis [TW] OR "Mycobacterium tuberculosis"[Mesh] OR TB [Ti]

#3

Screening* OR algorithm* OR *“case finding” [TIAB] OR “case findings” [TIAB] OR sensitivit* OR specificit* OR predictor* OR
"Sensitivity and Specificity"[MeSH Terms] OR "Tuberculosis/diagnosis"[Mesh] OR "Mass Screening"[Mesh:NoExp]

#4.

("animals"[MeSH Terms] NOT ( "humans"[MeSH Terms] AND "animals"[MeSH Terms] )) OR case reports[Publication Type]

#5

#1 AND #2 AND #3 NOT #4

Limit: publication date from 2011/01/01

Embase

#1

'human immunodeficiency virus infection'/exp OR 'human immunodeficiency virus'/exp OR 'hiv"ti,ab OR 'human
immunodeficiency virus'ti,ab OR 'human immuno-deficiency virus':ti,ab OR 'human immunedeficiency virus'ti,ab OR 'human
immune-deficiency virus':ti,ab OR 'acquired immune-deficiency syndrome':ti,ab OR 'acquired immunedeficiency syndrome':ti,ab
OR 'acquired immunodeficiency syndrome':ti,ab OR 'acquired immuno-deficiency syndrome':ti,ab

#2

‘tuberculosis‘/exp OR 'tuberculosis:ab,ti OR 'TB":ti OR 'Mycobacterium tuberculosis'/exp

#3

‘Screen’:ti,ab OR ‘Screening’:ti,ab OR ‘algorithm’:ti,ab OR ‘case finding’:ti,ab OR ‘case findings’:ti,ab OR sensitivit*:ti,ab OR
specificit*:ti,ab OR predictor*:ti,ab OR ‘sensitivity and specificity’/exp OR ‘case finding’/exp OR ‘Mass Screening’/exp OR
‘screening’/exp

([animals]/lim NOT [humans]/lim)

#5

#1 AND #2 AND #3 NOT #4 AND [2011-]/py

Cochrane

#1.

“HIV Infections” [MeSH] OR “HIV”[MeSH] OR hiv OR hiv infect* OR “human immunodeficiency virus” OR “human
immunedeficiency virus”’OR “human immuno-deficiency virus” OR “human immune-deficiency virus” OR ((human immun*) AND
(“deficiency virus”)) OR “acquired immunodeficiency syndrome” OR “acquired immunedeficiency syndrome” OR “acquired
immuno-deficiency syndrome” OR “acquired immune-deficiency syndrome” OR ((acquired immun*) AND (“deficiency
syndrome”))

#2.

"Tuberculosis"[Mesh] OR tuberculosis OR "Mycobacterium tuberculosis"[Mesh]

#3

Screening* OR algorithm* OR “case finding” OR “case findings” OR sensitivit* OR specificit* OR predictor* OR "Sensitivity and
Specificity"[MeSH Terms] OR "Tuberculosis/diagnosis"[Mesh] OR "Mass Screening"[Mesh:NoExp]

#4.

("animals"[MeSH Terms] NOT ( "humans"[MeSH Terms] AND "animals"[MeSH Terms] )) OR case reports[Mesh]

#5

#1 AND #2 AND #3 NOT #4

Limit: publication year from 2011-
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Table 8-2: Variables sought

Variable

Description

country

country where the study took place, or if multisite, country individual patient was
recruited from

clinical setting

from {inpatient, outpatient, other, NA}

age patient’s age in years

sex patient’s sex {female, male, NA}
hiv status from {positive, negative, NA}

art status from {on art, not on art, NA}

history of tuberculosis

from {history of tuberculosis, no history of tuberculosis, NA}

current smoking status

from {currently smoking, not currently smoking, NA}

pregnancy status

from {pregnant, not pregnant, NA}

tuberculosis treatment status

from {currently on tuberculosis treatment, not currently on tuberculosis
treatment, NA}

current ipt status

from {yes, no, NA}

current cough

from {yes, no, NA}

cough (more than 2 weeks)

from {yes, no, NA}

fever

from {yes, no, NA}

weight loss

from {yes, no, NA}

night sweats

from {yes, no, NA}

w4ss

number of wé4ss symptoms {0, 1, 2, 3, 4, NA}

body mass index

numerical value (weight/height*2)

lymphadenopathy

from {yes, no, NA}

cd4 count

numerical value (in cells/uL)

c-reactive protein level

numerical value (in mg/L)

haemoglobin

numerical value (in g/dl)

chest x-ray suggestive of
tuberculosis

from {yes, no, NA}

chest x-ray abnormal

from {yes, no, NA}

sputum xpert result

{positive, negative, NA}, indeterminate = negative

sputum xpert ultra result

{positive, negative, NA}, indeterminate = negative

sputum culture result

{positive, negative, NA}, contaminated culture = negative

non-sputum xpert result

{positive, negative, NA}, indeterminate = negative

non-sputum xpert ultra result

{positive, negative, NA}, indeterminate = negative

non-sputum culture result

{positive, negative, NA}, contaminated culture = negative

Definition of abbreviations: ART = antiretroviral therapy, IPT = Isoniazid preventive therapy, W4SS = WHO four-

symptom screen
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Table 8-3: Study-level characteristics

Author, Stud Non-sputum Liquid or
’ Country . y Study population Study setting Exclusion criteria Sputum culture Sputum Xpert P solid
year period culture/Xpert
culture
Abed Al- Malaysia 2012- PLHIV who are inmates 1 prison in Malaysia Receiving ATT, anticipated 2 spot samples 1 morning sample |No Liquid
Darraji, 2012 release within 24 hours
201362
Affolabi, Multi- 2015- PLHIV of any age 3 HIV clinics On ATT for TB 1 spotand 1 early |1 spotand 1early [No Solid
201860 country* 2018 morning samples  |morning samples
Ahmad, South Africa [2011- PLHIV aged 218 years 2 HIV clinics On ATT currently or awaiting |1 morning sample |No No Liquid
201481 2012 results of TB investigations
Balcha, Ethiopia 2011- ART-naive PLHIV aged 218 |5 public health centers |Unable to submit = 1 pair of |1 morning sample |1 morning sample |FNA sample of |Liquid
201414 2013 years with WHO stage 4 or sputum samples, previous LN >1cm for
CD4 cell count <350 per pL ART, ATT >2 weeks culture and Xpert
Bjerrum, Ghana 2013- ART-naive PLHIV aged 218 |1 public hospital (out- On ATT > 2 days <3 months |1 spotand 1 early |1 or 2 samples No Both
20151 2014 years with WHO stage 3/4 or |and inpatient before or unable to produce  |morning samples
CD4 cell count <350 per uL or |departments) sputum or urine samples
pregnant
Gersh, Kenya 2017- PLHIV aged 218 and <70 2 HIV clinics Currently on treatment for TB |1 spot sample, 1 spot sample, No Liquid
2018 2018 years or LTBI, pregnant, induced or early induced or early
incarcerated morning if morning if
necessary necessary
Hanifa, South Africa |2007- ART-naive PLHIV aged >17 |1 public HIV clinic On ATT currently or <3 2 spot samples No No Liquid
2012164 2008 years with WHO stage 4 or months before
CD4 cell count <200 per uL
Heidebrecht, | South Africa |2013- Inpatient PLHIV admitted to |1 hospital (5 medical >3 doses of ATT 1 spot sample 1 spot sample No Both
2016192 2013 medical wards wards)
Hoffman, South Africa (2010- Pregnant PLHIV aged 218 16 PHC centre prenatal |- 1 spot sample No No Liquid
2013165 2011 years clinics and 1 regional
hospital
Kempker, Georgia 2014- Newly diagnosed ART-naive |1 national reference ATT <90 days before 1 spotand 1 early |1spotand1early |No Solid
2019166 2015 PLHIV aged 218 years center for HIV diagnosis morning samples  |morning samples
and treatment for 1 test
Kerkhoff, South Africa [2010- ART-naive PLHIV aged 218 |1 community-based No current TB diagnosis 2 spot samples with |2 spot samples with |No Liquid
2013167 2011 years ART clinic > 1 induced > 1 induced
Kufa, South Africa |2009- PLHIV aged =18 years 1 HIV clinic in PHC On TB treatment, completed |2 spot samples, No Blood culture Liquid
2012168 2010 centre TB treatment <3 months induced if
before, dialysis, prisoners necessary
LaCourse, |Kenya 2013- Pregnant PLHIV aged =16 2 antenatal care clinics |On ATT for TB or LTBI, or 1 spotand 1 early |1 spot sample, on [No Liquid
20160 2014 years were treated for TB or LTBI <1|morning samples  |2nd sample if no
year before spot sample or if
2nd sample culture
positive for TB

142




Author,

Study

Non-sputum

Liquid or

year Country period Study population Study setting Exclusion criteria Sputum culture Sputum Xpert culture/Xpert solid
culture
Mbu, Cameroon |2012- ART-naive PLHIV aged 218 |1 regional hospital (HIV |First diagnosis of HIV <1 1 spotand 1 early [No No Both
2018170 2013 years testing and ART month before, currently on morning samples
treatment center) ATT

Modi, Kenya 2011- ART-naive PLHIV aged 27 15 public HIV care and |Receipt of any HIV-related 1spotand 1 early [1spotand1early |No Liquid
2016'" 2012 years treatment clinics care <2 years before, ATT <1 |morning samples  |morning samples

year before
Nguyen, Vietnam 2009- PLHIV aged 215 years 1 outpatient urban HIV  |Screened for TB in past 1spotand 1 early |No No Solid
201672 2010 clinic month, received TB treatment |morning samples

<1 year before
Rangaka, South Africa [2007- PLHIV aged 218 years 1 HIV clinic - 1 spot sample, No No Both
20124 2009 induced if

necessary
Reeve, South Africa [2017- ART-naive PLHIV aged 218 |1 outpatient clinic On ATT <60 days before or |2 spot samples, 1 spot sample and |Urine Xpert Ultra |Liquid
2019'3 2020 years has unknown treatment status |majority induced Xpert Ultra on 1
spot sample

Shapiro, South Africa [2014- ART-naive PLHIV aged 218 |1 urban HIV clinic - 2 samples, induced |No No Liquid
2018% 2015 years if necessary
Swindells, |Multi- 2010- ART-naive PLHIV aged 213 |11 outpatient clinics ART or diagnosis of TB <90 |3 spot samples, No No Both
201318 country** 2010 years days before and current or induced if

recent receipt of ATT necessary
Thit, 20174 [Myanmar ~ |2015- Inpatient or outpatient PLHIV |1 tertiary referral - 1 spot sample 1 spot sample No Solid

2015 hospital
Yoon, Uganda 2013- ART-naive PLHIV aged 218 |2 HIV clinics in Kampala |Diagnosis of active 2 spot samples, 2nd|1 spot sample, No Both
2018°%8 2016 years with CD4 cell count tuberculosis, taking ATT (anti- [induced if induced if
<350 per pL TB or TB preventive therapy, |necessary necessary

fluoroquinolones) <3 days
before

*Benin, Guinea, and Senegal
**Botswana, Malawi, South Africa, Zimbabwe, India, Brazil and Peru

Definition of abbreviations: ART = antiretroviral therapy, ATT = anti-tuberculosis treatment, FNA = fine needle aspiration, LN = Lymph node, LTBI = latent tuberculosis infection, PHC = primary health
care, PLHIV = people living with HIV, TB = tuberculosis
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Table 8-4: Percentage of missing data for each variable by study+§

Variable Affolabi Ahmad AI_D&:}.? Balcha Bjerrr: Gersh| Hanifa Hom::: Kemper Kerkh; Kufa LaCo:er Mbu Modi Nguy: Rangala( Reeve Shapi‘: Swinﬁ: Thit| Yoon
Clinical setting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Age 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ART status 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
History of tuberculosis 100 0 0 1 1 1 0 0 0 0 0 6 100 100 0 0 0 0 0 0 0
Currently smoking 0 100 0 0 24 0 0 0 0 0 100 100 100 100 1 100 0 0 100 0 8
Pregnancy* 100 100 100 100 0 0 100 0 100 1 0 0 100 4 0 100 100 100 0 100 0
Currently on IPT 1 0 100 0 100 0 100 100 100 100 100 0 100 100 100 100 100 100 0 0 0
W4ss** 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0
Cough 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0
Fever 0 0 0 0 2 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0
Weight loss 0 0 0 0 1 0 0 0 0 0 0 0 0 3 0 0 0 0 4 0 0
Night sweats 0 0 0 0 1 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0
Cough >=2 weeks 100 100 0 100 0 0 0 0 0 0 5 0 0 4 0 0 0 0 0 100 0
Body mass index 1 6 0 1 1 1 1 100 2 0 3 0 100 13 100 0 0 0 1 0 0
Lymphadenopathy 100 100 100 0 0 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0 100
CD4 cell count 3 0 0 1 2 18 1 2 0 0 0 17 0 7 0 0 10 3 0 0
CRP 100 100 100 100 100 1 100 100 100 4 100 100 100 100 100 100 8 0 100 100 0
Hb 100 100 100 6 9 5 1 8 100 6 0 100 100 100 100 100 100 100 0 21 100
CXR (any abnormality) 3 3 100 100 100 100 1 100 100 9 100 100 23 100 100 100 100 4 7 100
CXR (suggests tuberculosis) 3 3 100 100 100 100 1 100 100 9 8 100 100 23 0 100 100 100 100 100
Total Xpert** 1 100 0 1 65 1 100 100 1 0 100 1 100 0 100 100 6 100 100

Total culture 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Total (culturexXpert) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1<5% missing (green), 5-95% missing (yellow), and >95% missing (red)

§Some datasets received in which some participants with missing data were already excluded
*Pregnancy could be ascertained by testing or interview; missing percentages based on available data for females in the study

**Regarded as missing only if a subject had all four symptoms missing

***Study by Bjerrum et al has a high missing value because Xpert only became available after study enrollment began

Definition of abbreviations: ART = antiretroviral therapy, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, IPT = Isoniazid preventive therapy, W4SS = WHO four-symptom screen
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Table 8-5: Summary of main characteristics for participants overall and by each study

Variable All Ahmad Al Darraji Balcha Bjerrum Gersh Hanifa Hoffmann Kemper Kerkhoff Kufa
Participants 15666 (100) 611 (3.9) 125 (0.8) 812 (5.2) 395 (2.5) 387 (2.5) 351 (2.2) 1404 (9) 103 (0.7) 523 (3.3) 415 (2.6)
Clinical setting

Outpatient 15541 (99.2) 611 (100) 0(0) 812 (100) 395 (100) 387 (100) 351 (100) 1404 (100) 103 (100) 523 (100) 415 (100)
Other setting* 125 (0.8) 0(0) 125 (100) 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0) 0 (0) 0 (0)

N 15666 611 125 812 395 387 351 1404 103 523 415

Age (years) 34 (28-42) 37 (31-45) 37 (33-42) 32 (28-40) 38 (31-45) 37 (31-45) 38 (32-46) 27 (23-32) 42 (35-49) 34 (28-41) 37 (31-44)
N 15666 611 125 812 395 387 351 1404 103 523 415
Female 10388 (66.3) 461 (75.5) 12 (9.6) 476 (58.6) 264 (66.8) 225 (58.1) 232 (66.1) 1404 (100.0) 26 (25.2) 335 (64.1) 274 (66.0)
N 15666 611 125 812 395 387 351 1404 103 523 415

On ART 4347 (27.8) 423 (69.2) 19 (15.2) 0 (0.0) 0 (0.0) 383 (99.7) 0 (0.0) 2(0.1) 0(0.0) 0(0.0) 210 (50.6)
N 15663 611 125 812 395 384 351 1404 103 523 415

CD4 count (cells/pL) 269 (142-439) 313 (178-472) 338 (150-492) 208 (117-320) 140 (45-268) 404 (276-558) 119 (72-168) 395 (271-533) 120 (26-272) 169 (96-232) 216 (108-350)
N 15281 611 125 807 387 317 349 1377 103 521 415
History of tuberculosis 1955 (17.5) 235 (38.5) 36 (28.8) 51 (6.4) 23 (5.9) 58 (15.1) 99 (28.2) 110 (7.9) 3(2.9) 141 (27.0) 109 (26.3)
N 11148 611 125 800 392 384 351 1401 103 523 415
Current Smoker 1191 (11.6) - 117 (93.6) 35 (4.3) 11 (3.7) 11 (2.8) 40 (11.4) 40 (2.8) 64 (62.1) 122 (23.4) -

N 10301 125 812 299 387 351 1404 103 522

Pregnant 1938 (35.1) - - - 24 (6.1) 0(0.0) - 1404 (100.0) - 20 (3.8) 11(2.7)

N 5519 395 387 1404 521 415

On IPT 41 (0.5) 3(0.5) - 19 (2.3) - 0(0.0) - - - - -

N 7593 609 810 387

W4SS 8028 (51.3) 331 (54.2) 85 (68.0) 651 (80.2) 359 (91.1) 47 (12.1) 331 (94.3) 227 (16.2) 62 (60.2) 452 (86.4) 355 (85.5)
N 15652 611 125 812 394 387 351 1404 103 523 415
Cough 4629 (29.6) 223 (36.5) 62 (49.6) 326 (40.2) 172 (43.7) 36 (9.3) 161 (45.9) 110 (7.8) 29 (28.2) 260 (49.7) 201 (48.4)
N 15623 611 125 811 394 387 351 1404 103 523 415
Fever 3391 (21.7) 57 (9.3) 37 (29.6) 389 (48.0) 189 (48.6) 5(1.3) 100 (28.5) 52 (3.7) 55 (53.4) 152 (29.1) 163 (39.3)
N 15631 611 125 811 389 387 351 1404 103 523 415
Weight loss 5575 (35.7) 170 (27.8) 19 (15.2) 514 (63.6) 323 (82.2) 9(2.3) 316 (90.3) 103 (7.3) 43 (41.7) 355 (68.0) 254 (61.2)
N 15602 611 125 808 393 387 350 1404 103 522 415

Night sweats 3270 (20.9) 144 (23.6) 30 (24.0) 396 (48.8) 131 (33.5) 18 (4.7) 147 (41.9) 49 (3.5) 26 (25.2) 210 (40.2) 190 (45.8)
N 15630 611 125 811 391 387 351 1404 103 523 415
Cough >= 2 weeks 2205 (20.2) - 14 (11.2) - 130 (33.0) 8(2.1) 103 (29.3) 54 (3.8) 28 (27.2) 107 (20.5) 151 (38.1)
N 10919 125 394 387 351 1404 103 523 396
Lymphadenopathy 374 (15.6) - - 28 (3.5) 76 (19.2) - - - - - -

N 2394 810 395

CXR (suggests tuberculosis) 1296 (21.0) 265 (44.8) - - - - 177 (50.9) - - 196 (41.3) 72 (18.8)
N 6177 591 348 475 383

CXR (any abnormality) 2158 (34.7) 354 (59.9) = = = - 222 (63.8) - - 239 (50.1) 145 (37.8)
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Variable All Ahmad Al Darraji Balcha Bjerrum Gersh Hanifa Hoffmann Kemper Kerkhoff Kufa

N 6222 591 348 477 384

Total Xpert positive** 616 (7.1) - 8 (6.4) 96 (11.9) 21 (15.1) 4 (1.0) - - 12 (11.8) 70 (13.4) -

N 8625 125 804 139 384 102 523

Total culture positive*** 1347 (8.6) 57 (9.3) 15 (12.0) 124 (15.3) 37 (9.4) 5(1.3) 64 (18.2) 35(2.5) 12 (11.8) 89 (17.0) 24 (5.8)

N 15611 611 125 809 395 387 351 1404 102 522 415

Total Xpert & culture positive 1453 (9.3) 57 (9.3) 15 (12.0) 137 (16.9) 40 (10.1) 8(2.1) 64 (18.2) 35 (2.5) 15 (14.6) 95 (18.2) 24 (5.8)

N 15666 611 125 812 395 387 351 1404 103 523 415

BMI (kg/m?) 22 (19-26) 24 (21-28) 22 (21-25) 19 (17-21) 20 (18-23) 22 (20-25) 20 (18-24) - 22 (21-24) 23 (21-27) 24 (21-28)
N 12704 575 125 801 390 383 349 - 101 522 403

CRP (mg/L) 4 (2-21) - - - - 1(1-4) - - - 10 (2-32) -

N 3582 - - - - 385 - - - 502 -

CRP (>=10 mg/L) 1259 (35.1) - - - - 39 (10.1) - - - 251 (50.0) -

N 3582 385 502

Hb (g/dL) 12 (10-13) - - 12 (10-13) 10 (9-11) 13 (11-14) 11 (10-13) 11 (10-12) - 12 (11-13) 12 (11-14)
N 5118 - - 762 360 366 348 1287 - 490 415

Hb (<10 g/dL) 1093 (21.4) - - 165 (21.7) 184 (51.1) 53 (14.5) 91 (26.1) 204 (15.9) - 86 (17.6) 64 (15.4)
N 5118 762 360 366 348 1287 490 415

tData are median (25th-75th percentiles) or count (%)

*One study among a prison population
**Sputum and/or non-sputum Xpert result

***Sputum and/or non-sputum culture result

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, IPT = Isoniazid preventive therapy, W4SS = WHO four-symptom screen
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Variable LaCourse Mbu Affolabi Modi Nguyen Rangaka Reeve Shapiro Swindells Thit Yoon
Participants 292 (1.9) 940 (6) 2805 (17.9) 731 (4.7) 397 (2.5) 1429 (9.1) 807 (5.2) 425 (2.7) 726 (4.6) 463 (3) 1525 (9.7)
Clinical setting

Outpatient 292 (100) 940 (100) 2805 (100) 731 (100) 397 (100) 1429 (100) 807 (100) 425 (100) 726 (100) 463 (100) 1525 (100)
Other setting* 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 0(0)

N 292 940 2805 731 397 1429 807 425 726 463 1525

Age (years) 25 (22-30) 35 (28-42) 40 (33-49) 30 (24-39) 30 (27-34) 34 (30-40) 32 (26-39) 32 (27-39) 33 (28-39) 34 (30-40) 33 (27-40)
N 292 940 2805 731 397 1429 807 425 726 463 1525
Female 292 (100.0) 641 (68.2) 1878 (67.0) 481 (65.8) 113 (28.5) 1053 (73.7) 478 (59.2) 248 (58.4) 458 (63.1) 231 (49.9) 806 (52.9)
N 292 940 2805 731 397 1429 807 425 726 463 1525

On ART 159 (54.5) 0(0.0) 1808 (64.5) 0(0.0) 230 (57.9) 775 (54.2) 0(0.0) 0(0.0) 0(0.0) 338 (73.0) 0(0.0)

N 292 940 2805 731 397 1429 807 425 726 463 1525

CD4 count (cells/pL) 437 (345-560) 291 (116-496) 376 (197-551) 342 (168-512) 336 (217-489) 209 (145-331) 306 (174-489) 306 (176-468) 273 (167-435) 286 (145-466) 160 (70-265)
N 242 940 2731 683 397 1429 726 411 723 462 1525

History of tuberculosis
N

Current Smoker

N

Pregnant

N

On IPT

N

W4Ss

N

Cough

N

Fever

N

Weight loss
N

Night sweats
N

Cough >= 2 weeks

N

Lymphadenopathy

N

CXR (suggests tuberculosis)
N

CXR (any abnormality)

N

Total Xpert positive**

25 (9.1)
274

292 (100.0)
292

0(0.0)

292

57 (19.5)
292

44 (15.1)
292

14 (4.8)
292
3(1.0)
292

20 (6.8)
292

14 (4.8)

292

4(1.4)

812 (86.4)
940
448 (47.7)
940
220 (23.4)
940
592 (63.0)
940
395 (42.0)
940
228 (24.3)

940

102 (3.6)
2805

7(0.3)
2781

780 (27.8)
2805

567 (20.2)
2805

444 (15.8)
2805

395 (14.1)
2805

140 (5.0)
2805

251 (9.2)
2724

635 (23.3)
2726

111 (4.0)

134 (29.1)
461

366 (50.9)
719
171 (24.6)
694
236 (33.5)
705
241 (34.0)
708
182 (26.0)
701
138 (19.7)

699

99 (17.6)
561

248 (43.8)
566

61 (8.4)

178 (44.8)
397

42 (10.7)
393
0(0.0)
113

147 (37.0)
397

105 (26.4)
397

26 (6.5)
397

79 (19.9)
397

11 (2.8)
397

105 (26.4)

397

127 (32.0)
397

147

552 (38.6)
1429

206 (14.4)
1429
125 (8.7)
1429
9(0.6)
1429
112 (7.8)
1429

71 (5.0)
1429

82 (5.7)

1429

115 (14.3)
806
295 (36.6)
807

442 (54.8)
807

249 (30.9)
807

55 (6.8)
807

334 (41.4)
806

191 (23.7)
807

166 (20.6)

807

61(8.0)

19 (4.5)
425
105 (24.8)
424

279 (65.6)
425
191 (44.9)
425
129 (30.4)
425
146 (34.4)
425
139 (32.7)
425
129 (30.5)

423

53 (7.3)
725

10 (1.4)
726
0(0.0)
726

481 (66.3)
725
311 (43.0)
723
222 (30.7)
724
265 (38.2)
694
210 (29.0)
725
229 (31.6)

724
238 (32.8)
726
109 (15.6)
698
159 (22.8)
698

94 (20.3)
463
137 (29.7)
462

12 (2.6)
463

223 (48.2)
463

74 (16.0)
462
61(13.2)
463

193 (41.7)
463

40 (8.6)
463

32 (6.9)
463

156 (36.1)
432
25 (5.4)

54 (3.5)
1524
70 (5.0)
1407
43 (5.3)
805
0(0.0)
1525

1335 (87.5)
1525
764 (50.1)
1525
776 (50.9)
1525
1109 (72.7)
1525
530 (34.8)
1525
519 (34.0)

1525

143 (9.4)




Variable LaCourse Mbu Affolabi Modi Nguyen Rangaka Reeve Shapiro Swindells Thit Yoon

N 289 2781 728 762 463 1525
Total culture positive*** 7(2.4) 131 (13.9) 85 (3.1) 75 (10.3) 28 (7.1) 126 (8.8) 93 (11.7) 42 (9.9) 56 (7.7) 10 (2.2) 232 (15.2)
N 292 940 2766 731 397 1429 796 425 726 463 1525
Total Xpert & culture positive 8(2.7) 131 (13.9) 118 (4.2) 82 (11.2) 28 (7.1) 126 (8.8) 100 (12.4) 42 (9.9) 56 (7.7) 30 (6.5) 242 (15.9)
N 292 940 2805 731 397 1429 807 425 726 463 1525

BMI (kg/m?) 24 (22-26) - 22 (19-25) 21 (19-22) - 25 (22-29) 24 (21-29) 24 (21-29) 22 (20-26) 21 (19-23) 21 (19-24)
N 292 - 2769 634 - 1429 803 425 719 461 1523
CRP (mg/L) - - - - - - 6 (2-28) 4 (1-17) - - 4 (2-23)

N - - - - - - 745 425 - - 1525
CRP (>=10 mg/L) - - - - - - 303 (40.7) 140 (32.9) - - 526 (34.5)
N 745 425 1525

Hb (g/dL) - - - - - - - - 12 (11-14) 11 (9-12) -

N - - - - - - - - 724 366 -

Hb (<10 g/dL) - - - - - - - - 113 (15.6) 133 (36.3) -

N 724 366

tData are median (25th-75th percentiles) or Count (%)

*One study among a prison population

**Sputum and/or non-sputum Xpert result

***Sputum and/or non-sputum culture result

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, IPT = Isoniazid preventive therapy, W4SS = WHO four-symptom screen
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Table 8-6: Prevalence of tuberculosis in all participants and by different subgroups (using culture or Xpert as reference standard)

Heterogeneity
No No Prevalence Y 12 Egger's test Subgro_up
Subgroup§ studies N tuberculosis |  (95% CI)t * (95% Cl) P-value szg-value) (:_"‘;'I{I se')s,r R
All 21 15,666 1,453 8.7 (6.7-11.3) 95 (94-96) <0.0001 0.06 -
All (setting and ART status) 21 15,663 1,453 8.7 (6.7-11.3) 95 (94-96) <0.0001 0.06 -
Outpatients (on ART)* 9 4,328 169 4.2 (3.1-5.6) 75 (52-87) <0.0001 0.78 <0.0001
Outpatients (not on ART) 20 11,210 1,269 10.2 (8.0-12.9) 92 (89-94) <0.0001 0.06 -
Other setting** 1 125 15 12.0 (7.4-19.0) -(-) - - -
All (CD4 count) 21 15,281 1,423 8.7 (6.7-11.2) 95 (93-96) <0.0001 0.06 -
CD4 count <=200 cells/pL 21 5,641 922 15.1 (12.8-17.7) 82 (73-88) <0.0001 0.05 <0.0001
CD4 count >200 cells/uL 21 9,640 501 5.5 (4.2-7.1) 88 (84-92) <0.0001 0.42 -
All (pregnancy status)*** 21 10,388 746 7.0 (5.3-9.2) 91 (88-94) <0.0001 0.22 -
Pregnant 8 1,938 56 2.9(2.2-3.7) 16 (0-59) <0.0001 0.09 <0.0001
Non-pregnant 19 8,450 690 8.0 (6.2-10.3) 89 (85-92) <0.0001 0.32 -
§Subgroup in bold is the overall comparator. For example, all (setting and ART status) contains combined subgroups outpatients (on ART), outpatients (not on ART), and other

setting

tCalculated using meta-analysis of proportions. We used a generalized linear mixed model with logit transformation in preference to protocol specified DerSimonian and Laird
random effects model for proportions with variance stabilization by applying the Freeman-Tukey double arcsine transformation

11P-value of between subgroups heterogeneity statistic Q (based on random effects model)

*P(subgroup) compares outpatients (on ART) with outpatients (not on ART)

**One study among a prison population

***Pregnancy status unavailable for some studies, female participants in those studies categorized as non-pregnant
Definition of abbreviations: ART = antiretroviral therapy
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Table 8-7: Indirect comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in subgroups

Table 8-7A - Indirect comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in outpatients (on ART)}

Difference from W4SS+t1t
Test Noswdies | N | SeRleY | TGench | (owalue) | (pvalve)
wW4ss 9 4309 53 (35-71) 71 (51-85) - -
CRP (>=10 mg/L) 1 381 20 (3-69) 90 (93-87) 0.296 0.29
CRP (>=8 mg/L) 1 381 40 (10-80) 89 (92-86) 0.689 0.342
CRP (>=5 mg/L) 1 381 40 (10-80) 80 (84-75) 0.689 0.697
CXR (abnormal) 4 2670 73 (60-83) 63 (50-75) 0.142 0.59
CXR (suggests tuberculosis) 4 2581 70 (55-82) 78 (62-89) 0.188 0.571
Cough (any) 9 4309 40 (24-58) 83 (73-90) 0.286 0.206
Cough (>=2 weeks) 6 1746 19 (5-52) 93 (79-98) 0.054 0.031
Hb (<10 g/dL) 4 844 55 (34-75) 82 (70-91) 0.996 0.315
Hb (<8 g/dL) 4 844 18 (5-49) 94 (91-96) 0.057 0.013
BMI (<18.5 kg/m?) 7 4036 16 (8-30) 93 (88-96) 0.004 0.007
Lymphadenopathy 1 338 22 (6-58) 93 (95-89) 0.278 0.204
W4SS with CRP (>=10 mg/L){ 1 381 20 (3-69) 80 (83-75) 0.296 0.706
WA4SS with CXR (abnormal){] 4 2670 89 (70-97) 33 (17-54) 0.014 0.036
W4SS then CRP (>=5 mg/L)| 1 381 8 (1-62) 96 (97-93) 0.04 0.09
W4SS then Xpert* 4 2645 37 (25-52) 100 (96-100) - -
Xpert alone* 4 2645 53 (22-83) 99 (97-99) 0.219 0.306

tTUsing culture as a reference standard. Indirect comparisons are based on all studies that evaluated at least one of the W4SS or relevant

screening tests

t1For Xpert alone, the comparator is W4SS then Xpert

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only

if the first screening test is positive

*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result). Alternative algorithms are W4SS then
single sputum Xpert (4 studies; 2645 participants; sensitivity 37 (25-52), specificity 100 (96-100) and single sputum Xpert alone (4 studies;
2645 participants; sensitivity 53 (22-83), specificity 99 (97-99).
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-

symptom screen
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Table 8-7B - Indirect comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in outpatients (not on ART)t

Difference from W4SS+tt

Test Noswdies | N | SeRleY | Teeweh | (owalue) | (pvalve)
w4ss 20 11160 85 (76-91) 37 (25-51) - -
CRP (>=10 mg/L) 5 3187 83 (79-86) 67 (60-73) 0.953 0.085
CRP (>=8 mg/L) 5 3187 85 (81-88) 63 (56-70) 0.8 0.135
CRP (>=5mg/L) 5 3187 89 (86-92) 53 (46-61) 0.318 0.375
CXR (abnormal) 8 3525 71 (64-78) 62 (51-72) 0.102 0.034
CXR (suggests tuberculosis) 8 3569 62 (55-68) 79 (67-87) 0.01 0.001
Cough (any) 20 11131 58 (50-65) 70 (63-76) <0.0001 <0.0001
Cough (>=2 weeks) 16 9032 43 (34-52) 82 (75-87) <0.0001 <0.0001
Hb (<10 g/dL) 9 4269 44 (32-56) 78 (70-85) <0.0001 <0.0001
Hb (<8 g/dL) 9 4269 11 (8-15) 96 (93-98) <0.0001 <0.0001
BMI (<18.5 kg/m?) 17 8486 31(23-41) 87 (82-91) <0.0001 <0.0001
Lymphadenopathy 4 2053 30 (13-55) 91 (76-97) 0.001 <0.0001
WA4SS with CRP (>=10 mg/L) 5 3187 94 (87-97) 20 (12-33) 0.113 0.155
WA4SS with CXR (abnormal){| 8 3516 95 (91-97) 18 (9-33) 0.007 0.064
W4SS then CRP (>=5 mg/L)| 5 3187 84 (75-90) 64 (57-71) 0.793 0.056
WA4SS then Xpert*§ 11 5784 64 (57-71) 99 (98-99) - -
Xpert alone*§ 11 5797 74 (64-82) 99 (98-99) 0.199 0.59

tTUsing culture as a reference standard. Indirect comparisons are based on all studies that evaluated at least one of the W4SS or relevant

screening tests

t1For Xpert alone, the comparator is W4SS then Xpert

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only
if the first screening test is positive

*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result). Alternative algorithms are W4SS then
single sputum Xpert (11 studies; 5783 participants; sensitivity 61 (53-69), specificity 99 (98-99) and single sputum Xpert alone (11 studies;
5796 participants; sensitivity 70 (58-80), specificity 99 (98-99).

§One study assessed Xpert and Xpert Ultra among 733 participants. The accuracy of sputum Xpert was: sensitivity 57 (47-67), specificity
99 (98-100); sputum Xpert Ultra: sensitivity 73 (62-81), specificity 98 (96-98); urine Xpert Ultra: sensitivity 27 (19-38), specificity 98 (96-99);
sputum and urine Xpert Ultra: sensitivity 75 (65-83), specificity 95 (94-97)

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-
symptom screen
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Table 8-7C - Indirect comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in participants with CD4 cell count <=200 cells/uLt

Difference from W4SS+tt

Test Noswdies | N | SeRleY | Teeweh | (owalue) | (pvalve)
w4ss 21 5617 87 (77-93) 33 (20-48) - -
CRP (>=10 mg/L) 5 1593 88 (82-92) 62 (50-73) 0.923 0.07
CRP (>=8 mg/L) 5 1593 90 (86-93) 58 (45-70) 0.62 0.113
CRP (>=5mg/L) 5 1593 92 (88-95) 48 (34-62) 0.385 0.319
CXR (abnormal) 8 2201 73 (65-80) 58 (48-67) 0.127 0.063
CXR (suggests tuberculosis) 8 2134 64 (57-71) 74 (64-82) 0.026 0.003
Cough (any) 21 5607 59 (51-66) 66 (58-73) <0.0001 <0.0001
Cough (>=2 weeks) 17 4197 42 (33-51) 78 (70-85) <0.0001 <0.0001
Hb (<10 g/dL) 9 1970 54 (41-65) 74 (64-81) 0.004 0.002
Hb (<8 g/dL) 9 1970 14 (9-19) 95 (91-97) <0.0001 <0.0001
BMI (<18.5 kg/m?) 18 4950 35 (27-44) 83 (77-88) <0.0001 <0.0001
Lymphadenopathy 4 1001 33 (15-58) 89 (73-96) 0.004 0.002
WA4SS with CRP (>=10 mg/L)J 5 1593 93 (57-99) 23 (9-47) 0.211 0.548
WA4SS with CXR (abnormal){| 8 2199 96 (91-98) 14 (7-25) 0.022 0.06
W4SS then CRP (>=5 mg/L){ 5 1593 80 (49-94) 66 (37-86) 0.579 0.066
WA4SS then Xpert*§ 12 3110 69 (61-76) 98 (97-99) - -
Xpert alone*§ 12 3115 77 (68-84) 98 (97-99) 0.167 0.879

tTUsing culture as a reference standard. Indirect comparisons are based on all studies that evaluated at least one of the W4SS or relevant
screening tests

t1For Xpert alone, the comparator is W4SS then Xpert

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only
if the first screening test is positive

*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result). Alternative algorithms are W4SS then
single sputum Xpert (12 studies; 3110 participants; sensitivity 65 (57-72), specificity 98 (97-99) and single sputum Xpert alone (12 studies;
3115 participants; sensitivity 72 (62-81), specificity 98 (97-99).

§One study assessed Xpert and Xpert Ultra among 191 participants. The accuracy of sputum Xpert was: sensitivity 69 (54-81), specificity
98 (94-99); sputum Xpert Ultra: sensitivity 83 (69-92), specificity 95 (90-97); urine Xpert Ultra: sensitivity 40 (27-56), specificity 95 (90-98);
sputum and urine Xpert Ultra: sensitivity 88 (74-95), specificity 91 (86-95)

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-
symptom screen
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Table 8-7D - Indirect comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in participants with CD4 cell count >200 cells/puLt

Difference from W4SS+tt

Test Noswdies | N | SeRleY | TEeweh | (pwalue) | (pvalve)
w4ss 21 9598 71 (59-81) 49 (36-63) - -
CRP (>=10 mg/L) 5 1822 65 (52-76) 79 (68-87) 0.543 0.03
CRP (>=8 mg/L) 5 1822 67 (53-79) 76 (64-85) 0.693 0.058
CRP (>=5mg/L) 5 1822 78 (65-87) 65 (54-75) 0.469 0.274
CXR (abnormal) 8 3892 66 (57-74) 64 (53-74) 0.777 0.23
CXR (suggests tuberculosis) 8 3915 59 (49-69) 81 (70-89) 0.341 0.006
Cough (any) 21 9581 51 (41-61) 76 (68-82) 0.019 0.002
Cough (>=2 weeks) 17 6409 34 (23-48) 87 (80-91) <0.0001 <0.0001
Hb (<10 g/dL) 9 3047 25 (17-37) 84 (78-89) <0.0001 0.001
Hb (<8 g/dL) 9 3047 6 (3-15) 96 (94-98) <0.0001 <0.0001
BMI (<18.5 kg/m?) 18 7362 20 (13-29) 92 (88-95) <0.0001 <0.0001
Lymphadenopathy 4 1373 30 (10-61) 90 (73-97) 0.017 0.004
W4SS with CRP (>=10 mg/L){ 5 1822 78 (53-92) 35 (15-61) 0.496 0.349
WA4SS with CXR (abnormal){| 8 3886 91 (81-96) 28 (16-44) 0.008 0.073
W4SS then CRP (>=5 mg/L)| 5 1822 57 (15-91) 80 (62-91) 0.639 0.03
WA4SS then Xpert*§ 12 5128 46 (39-52) 99 (99-100) - -
Xpert alone*§ 12 5135 57 (47-67) 99 (99-99) 0.052 0.218

tTUsing culture as a reference standard. Indirect comparisons are based on all studies that evaluated at least one of the W4SS or relevant
screening tests

t1For Xpert alone, the comparator is W4SS then Xpert

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only
if the first screening test is positive

*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result). Alternative algorithms are W4SS then
single sputum Xpert (12 studies; 5127 participants; sensitivity 44 (38-51), specificity 100 (99-100) and single sputum Xpert alone (12
studies; 5134 participants; sensitivity 54 (44-64), specificity 99 (99-99).

§One study assessed Xpert and Xpert Ultra among 472 participants. The accuracy of sputum Xpert was: sensitivity 42 (28-58), specificity
99 (98-100); sputum Xpert Ultra: sensitivity 62 (47-76), specificity 98 (96-99); urine Xpert Ultra: sensitivity 8 (2-21), specificity 99 (97-99);
sputum and urine Xpert Ultra: sensitivity 62 (47-76), specificity 97 (95-98)

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-
symptom screen
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Table 8-7E - Indirect comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in pregnant participantst§

Difference from W4SS+tt

Test Nostudies | N | TGl | Tosnc) | (pwalue) | (pvalue)
w4ss 8 1935 84 (24-99) 58 (39-75) - -
CRP (>=10 mg/L)# - - - - - -
CRP (>=8 mg/L)# - - - - - -
CRP (>=5 mg/L)# - - - - - -
CXR (abnormal) 1 8 75 (11-99) 69 (91-33) 0.538 0.619
CXR (suggests tuberculosis) 1 7 75 (11-99) 93 (100-42) 0.456 0.041
Cough (any) 8 1933 67 (26-92) 81 (71-88) 0.445 0.038
Cough (>=2 weeks) 8 1933 47 (18-78) 92 (86-95) 0.203 0.001
Hb (<10 g/dL) 5 1350 20 (10-36) 75 (61-85) 0.132 0.227
Hb (<8 g/dL) 5 1350 0 (0-100) 98 (97-99) <0.0001 <0.0001
BMI (<18.5 kg/m?) 7 472 0 (0-100) 96 (94-98) 0.003 <0.0001
Lymphadenopathy# - - - - - -
W4SS with CRP (>=10 mg/L)T# - - - - - -
W4SS with CXR (abnormal){ 1 8 75 (11-99) 56 (84-24) 0.541 0.987
W4SS then CRP (>=5 mg/L)(# - - - - - -
W4SS then Xpert* 5 489 36 (16-62) 100 (0-100) - -
Xpert alone* 5 492 53 (29-76) 99 (98-100) 0.339 0.05

tUsing culture as a reference standard. Indirect comparisons are based on all studies that evaluated at least one of the W4SS or relevant
screening tests

§For some analyses, all studies had 0% or 100% sensitivity/specificity; therefore, models may have given unreliable estimates such as
95% Cls that range from 0 to 100

t1For Xpert alone, the comparator is W4SS then Xpert

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only
if the first screening test is positive

#Insufficient data to perform meta-analysis

*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result). Alternative algorithms are W4SS then
single sputum Xpert (5 studies; 489 participants; sensitivity 36 (16-62), specificity 100 (0-100) and single sputum Xpert alone (5 studies;
492 participants; sensitivity 47 (24-71), specificity 99 (98-100).

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-
symptom screen
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Table 8-8: Direct comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in all participants and

subgroups

Table 8-8A - Direct comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in all participantst

Index Test W4SSs Difference from W4SS
No of N Sensitivity Specificity No of N Sensitivity Specificity | Sensitivity | Specificity
studies (95% CI) (95% CI) studies (95% CI) (95% ClI) (p-value) (p-value)
CRP (>=10 mg/L) 5 3571 77 (50-92) 74 (52-88) 5 3571 82 (58-94) 39 (20-63) 0.7 0.052
CRP (>=8 mg/L) 5 3571 79 (54-93) 70 (48-86) 5 3571 82 (58-94) 39 (20-63) 0.833 0.079
CRP (>=5 mg/L) 5 3571 86 (67-95) 60 (37-79) 5 3571 82 (59-94) 39 (20-62) 0.706 0.231
CXR (abnormal) 8 6186 72 (62-80) 62 (46-75) 8 6186 86 (80-91) 32 (20-47) 0.011 0.017
CXR (suggests tuberculosis) 8 6141 64 (53-73) 78 (63-88) 8 6141 84 (76-89) 33 (19-51) 0.004 0.001
Cough (any) 21 15568 56 (44-66) 72 (62-81) 21 15568 82 (74-88) 42 (31-54) <0.0001 0.001
Cough (>=2 weeks) 17 10906 38 (25-52) 85 (75-91) 17 10906 81 (70-88) 41 (28-56) <0.0001 <0.0001
Hb (<10 g/dL) 9 5115 44 (25-65) 80 (65-89) 9 5115 85 (70-93) 33 (18-51) 0.006 0.001
Hb (<8 g/dL) 9 5115 12 (5-25) 96 (91-98) 9 5115 85 (69-93) 33 (18-52) <0.0001 <0.0001
BMI (<18.5 kg/m?) 18 12639 29 (20-40) 89 (82-93) 18 12639 84 (76-90) 41 (29-54) <0.0001 <0.0001
Lymphadenopathy 4 2389 31 (16-52) 90 (77-96) 4 2389 91 (79-96) 27 (12-49) 0.001 0.001
W4SS with CRP (>=10 mg/L){ 5 3571 89 (63-97) 31 (12-58) 5 3571 82 (50-95) 39 (17-67) 0.617 0.65
W4SS with CXR (abnormal){ 8 6186 94 (89-97) 20 (10-37) 8 6186 87 (78-92) 32 (17-52) 0.05 0.32
W4SS then CRP (>=5 mg/L){ 5 3571 72 (36-92) 75 (50-90) 5 3571 81 (49-95) 39 (18-66) 0.62 0.074

tTUsing culture as a reference standard. Direct comparisons are based on all studies that evaluated both the W4SS and relevant screening test
q[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-8B - Direct comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in outpatients (on ART)t

Index Test W4SS Difference from W4S$S
No of N Sensitivity Specificity No of N Sensitivity Specificity | Sensitivity | Specificity
studies (95% Cl) (95% CI) studies (95% Cl) (95% Cl) (p-value) (p-value)
CRP (>=10 mg/L) 1 381 20 (3-69) 90 (87-93) 1 381 8 (1-62) 88 (84-91) 0.458 0.246
CRP (>=8 mg/L) 1 381 40 (10-80) 89 (86-92) 1 381 8 (1-62) 88 (84-91) 0.223 0.571
CRP (>=5 mg/L) 1 381 40 (10-80) 80 (75-84) 1 381 8 (1-62) 88 (84-91) 0.223 0.003
CXR (abnormal) 4 2670 74 (55-87) 63 (42-80) 4 2670 70 (50-85) 52 (31-72) 0.786 0.469
CXR (suggests tuberculosis) 4 2581 71 (52-84) 78 (57-91) 4 2581 64 (44-80) 54 (31-76) 0.587 0.144
Cough (any) 9 4309 40 (23-58) 83 (70-91) 9 4309 54 (36-72) 71 (54-84) 0.286 0.206
Cough (>=2 weeks) 6 1746 20 (6-50) 93 (79-98) 6 1746 52 (23-80) 74 (45-91) 0.136 0.09
Hb (<10 g/dL) 4 844 52 (15-87) 84 (60-94) 4 844 65 (21-93) 54 (26-79) 0.689 0.107
Hb (<8 g/dL) 4 844 15 (1-78) 95 (84-98) 4 844 67 (9-98) 54 (27-78) 0.285 0.008
BMI (<18.5 kg/m?) 7 4036 16 (8-32) 93 (85-97) 7 4036 53 (33-72) 73 (54-86) 0.009 0.017
Lymphadenopathy 1 338 22 (6-58) 93 (89-95) 1 338 78 (42-94) 55 (50-60) 0.027 <0.0001
W4SS with CRP (>=10 mg/L){ 1 381 20 (3-69) 80 (75-83) 1 381 8 (1-62) 88 (84-91) 0.458 0.003
WA4SS with CXR (abnormal){ 4 2670 89 (71-96) 33 (15-57) 4 2670 73 (47-89) 52 (28-75) 0.187 0.291
W4SS then CRP (>=5 mg/L){ 1 381 8 (1-62) 96 (93-97) 1 381 8 (1-62) 88 (84-91) 1 <0.0001

tUsing culture as a reference standard. Direct comparisons are based on all studies that evaluated both the W4SS and relevant screening test
{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-8C - Direct comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in outpatients (not on ART)t

Index Test W4SS Difference from W4S$S
No t_.)f N Sensitivity Specificity No 9f N Sensitivity Specificity | Sensitivity | Specificity
studies (95% Cl) (95% CI) studies (95% Cl) (95% Cl) (p-value) (p-value)
CRP (>=10 mg/L) 5 3187 84 (74-90) 66 (53-78) 5 3187 90 (83-94) 27 (17-40) 0.236 0.005
CRP (>=8 mg/L) 5 3187 85 (75-92) 63 (49-75) 5 3187 90 (82-95) 27 (17-40) 0.349 0.008
CRP (>=5 mg/L) 5 3187 90 (83-95) 53 (39-66) 5 3187 90 (83-94) 27 (18-40) 0.952 0.031
CXR (abnormal) 8 3516 71 (62-79) 62 (48-74) 8 3516 89 (83-93) 27 (17-40) 0.001 0.002
CXR (suggests tuberculosis) 8 3560 62 (52-71) 79 (65-88) 8 3560 87 (81-92) 28 (17-44) <0.0001 <0.0001
Cough (any) 20 11131 58 (47-68) 70 (60-78) 20 11131 85 (78-90) 37 (27-48) <0.0001 <0.0001
Cough (>=2 weeks) 16 9032 42 (29-55) 82 (72-89) 16 9032 83 (74-90) 37 (25-50) <0.0001 <0.0001
Hb (<10 g/dL) 9 4268 44 (27-63) 79 (65-88) 9 4268 89 (78-95) 26 (15-41) 0.001 <0.0001
Hb (<8 g/dL) 9 4268 11 (5-21) 96 (92-98) 9 4268 88 (78-94) 26 (15-42) <0.0001 <0.0001
BMI (<18.5 kg/m?) 17 8475 31 (22-42) 87 (81-92) 17 8475 87 (81-92) 34 (24-46) <0.0001 <0.0001
Lymphadenopathy 4 2051 30 (15-51) 91 (78-96) 4 2051 91 (80-96) 25 (11-48) 0.001 0.001
W4SS with CRP (>=10 mg/L){ 5 3187 94 (87-97) 20 (11-34) 5 3187 90 (79-95) 28 (16-43) 0.351 0.407
W4SS with CXR (abnormal){ 8 3516 95 (91-97) 18 (9-32) 8 3516 89 (82-93) 27 (15-44) 0.045 0.364
W4SS then CRP (>=5 mg/L){ 5 3187 83 (72-91) 65 (51-76) 5 3187 90 (82-95) 27 (18-40) 0.254 0.004

tUsing culture as a reference standard. Direct comparisons are based on all studies that evaluated both the W4SS and relevant screening test
{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-8D - Direct comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in participants with CD4 cell count <=200 cells/pLt

Index Test W4SS Difference from W4S$S
No t_.)f N Sensitivity Specificity No 9f N Sensitivity Specificity | Sensitivity | Specificity
studies (95% Cl) (95% CI) studies (95% Cl) (95% Cl) (p-value) (p-value)
CRP (>=10 mg/L) 5 1593 87 (59-97) 64 (39-83) 5 1593 86 (58-97) 32 (15-56) 0.992 0.094
CRP (>=8 mg/L) 5 1593 89 (69-97) 60 (35-80) 5 1593 88 (64-96) 32 (15-57) 0.851 0.145
CRP (>=5 mg/L) 5 1593 92 (74-98) 49 (26-73) 5 1593 87 (63-97) 32 (14-57) 0.655 0.351
CXR (abnormal) 8 2199 74 (64-81) 58 (44-70) 8 2199 90 (84-94) 22 (14-32) 0.002 0.001
CXR (suggests tuberculosis) 8 2132 65 (55-73) 74 (60-84) 8 2132 88 (82-92) 24 (14-37) <0.0001 <0.0001
Cough (any) 21 5607 57 (45-69) 67 (55-77) 21 5607 87 (79-92) 32 (22-44) <0.0001 <0.0001
Cough (>=2 weeks) 17 4197 39 (25-55) 80 (67-88) 17 4197 85 (75-92) 31 (19-47) <0.0001 <0.0001
Hb (<10 g/dL) 9 1969 54 (33-73) 74 (56-86) 9 1969 88 (75-95) 26 (13-43) 0.013 0.002
Hb (<8 g/dL) 9 1969 15 (7-30) 95 (89-98) 9 1969 89 (76-95) 25 (13-44) <0.0001 <0.0001
BMI (<18.5 kg/m?) 18 4947 34 (23-47) 84 (75-90) 18 4947 88 (80-93) 31 (21-44) <0.0001 <0.0001
Lymphadenopathy 4 1000 33 (16-56) 89 (75-95) 4 1000 94 (84-98) 18 (8-37) 0.001 0.001
W4SS with CRP (>=10 mg/L){ 5 1593 94 (62-99) 23 (8-50) 5 1593 83 (36-98) 32 (12-61) 0.489 0.614
WA4SS with CXR (abnormal){ 8 2199 96 (92-98) 14 (7-24) 8 2199 90 (83-94) 22 (12-36) 0.042 0.267
W4SS then CRP (>=5 mg/L){ 5 1593 77 (35-95) 66 (36-87) 5 1593 86 (50-98) 32 (12-63) 0.631 0.144

tUsing culture as a reference standard. Direct comparisons are based on all studies that evaluated both the W4SS and relevant screening test
{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-8E - Direct comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in participants with CD4 cell count >200 cells/pLt

Index Test W4SS Difference from W4S$S
No t_.)f N Sensitivity Specificity No 9f N Sensitivity Specificity | Sensitivity | Specificity
studies (95% Cl) (95% CI) studies (95% Cl) (95% Cl) (p-value) (p-value)
CRP (>=10 mg/L) 5 1822 62 (35-83) 79 (60-91) 5 1822 72 (45-89) 43 (23-66) 0.581 0.035
CRP (>=8 mg/L) 5 1822 65 (37-86) 76 (55-89) 5 1822 72 (44-90) 43 (23-66) 0.694 0.055
CRP (>=5 mg/L) 5 1822 78 (53-92) 65 (43-82) 5 1822 70 (43-88) 43 (23-65) 0.626 0.182
CXR (abnormal) 8 3886 67 (54-78) 64 (49-77) 8 3886 79 (68-87) 41 (27-57) 0.111 0.048
CXR (suggests tuberculosis) 8 3909 60 (47-72) 81 (68-90) 8 3909 77 (65-86) 41 (25-59) 0.058 0.002
Cough (any) 21 9581 52 (40-63) 75 (66-83) 21 9581 71 (60-80) 50 (38-61) 0.018 0.002
Cough (>=2 weeks) 17 6409 34 (22-49) 87 (78-92) 17 6409 70 (56-81) 48 (34-62) 0.001 <0.0001
Hb (<10 g/dL) 9 3047 26 (12-48) 84 (72-91) 9 3047 79 (58-91) 41 (25-58) 0.004 0.001
Hb (<8 g/dL) 9 3047 6 (2-18) 97 (93-98) 9 3047 79 (56-92) 41 (24-59) <0.0001 <0.0001
BMI (<18.5 kg/m?) 18 7356 20 (13-30) 92 (87-95) 18 7356 74 (64-83) 49 (36-62) <0.0001 <0.0001
Lymphadenopathy 4 1373 30 (12-56) 90 (77-96) 4 1373 85 (65-95) 34 (16-58) 0.008 0.003
W4SS with CRP (>=10 mg/L){ 5 1822 77 (48-93) 35 (15-62) 5 1822 71 (39-90) 43 (20-70) 0.707 0.665
W4SS with CXR (abnormal){ 8 3886 91 (81-96) 28 (16-45) 8 3886 82 (67-91) 41 (25-59) 0.159 0.293
W4SS then CRP (>=5 mg/L){ 5 1822 61 (21-90) 80 (58-92) 5 1822 71 (29-93) 43 (21-69) 0.731 0.049

tUsing culture as a reference standard. Direct comparisons are based on all studies that evaluated both the W4SS and relevant screening test
{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-8F - Direct comparisons between each test and WHO four-symptom screen for the detection of tuberculosis in pregnant participantst§

Index Test W4SS Difference from W4S$S
No of N Sensitivity Specificity No of N Sensitivity Specificity | Sensitivity | Specificity

studies (95% Cl) (95% CI) studies (95% Cl) (95% Cl) (p-value) (p-value)
CRP (>=10 mg/L)# - - - - - - - - - -
CRP (>=8 mg/L)# - - - - - - - - - -
CRP (>=5 mg/L)# - - - - - - - - - -
CXR (abnormal) 1 8 75 (11-99) 69 (33-91) 1 8 75 (11-99) 81 (42-96) 1 0.567
CXR (suggests tuberculosis) 1 7 75 (11-99) 93 (42-100) 1 7 75 (11-99) 79 (38-96) 1 0.465
Cough (any) 8 1933 69 (28-93) 80 (68-89) 8 1933 83 (39-97) 59 (42-74) 0.448 0.04
Cough (>=2 weeks) 8 1933 53 (20-83) 92 (84-96) 8 1933 78 (36-95) 59 (43-74) 0.215 0.001
Hb (<10 g/dL) 5 1350 53 (6-95) 74 (58-86) 5 1350 92 (7-100) 59 (41-75) 0.125 0.184
Hb (<8 g/dL) 5 1350 0 (0-100) 98 (94-99) 5 1350 95 (1-100) 59 (40-75) 0.001 <0.0001
BMI (<18.5 kg/m?) 7 471 0 (0-98) 97 (93-99) 7 471 100 (0-100) 54 (38-69) <0.0001 <0.0001
Lymphadenopathy# - - - - - - - - - -
W4SS with CRP (>=10 mg/L){# - - - - - - - - - -
W4SS with CXR (abnormal){| 1 8 75 (11-99) 56 (24-84) 1 8 75 (11-99) 81 (42-96) 1 0.292
W4SS then CRP (>=5 mg/L)(# - - - - - - - - - -

tUsing culture as a reference standard. Direct comparisons are based on all studies that evaluated both the W4SS and relevant screening test

§For some analyses, all studies had 0% or 100% sensitivity/specificity; therefore, models may have given unreliable estimates such as 95% Cls that range from 0 to 100

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive
#Insufficient data to perform meta-analysis
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-9: Additional diagnostic accuracy estimates

Table 8-9A - Additional diagnostic accuracy estimates in all participants

Metaregressiont

Univariate diagnostic odds ratio Positive screen (%)t Trivariate GLMM+t+tt Z?;iﬁ:;e Prevalence

Test Estimate (95% CI) | I? (95% Cl) es;ﬂ';f?;;g'cn E%gfv':hf:ft '(E;;f,;:’gtl‘; I2 (95% CI) PPV (95% Cl) | NPV (95% CI) P-value P-value
wass 321 (2.61-3.95) | 27(057) | 3.39 (2.74-4.20) 0.16 60 (45-73) | 100 (99-100) | 11.6 (9.3-14.3) | 96.2 (94.9-97.2) 0.63 0.19
CRP (>=10 mg/L) 9.06 (5.55-14.78) | 63 (3-86) | 13.83 (8.18-23.36) 0.21 32 (20-47) | 97 (95-98) | 20.7 (10.4-37.1) | 96.8 (94.7-98.1) - 0.23
CRP (>=8 mg/L) 8.93 (5.11-15.63) | 70 (25-88) | 14.15 (7.88-25.38) 0.38 35(22-50) | 97 (96-98) | 20.5(11.5-33.9) | 97.1(94.9-98.3) - 0.35
CRP (>=5 mg/L) 8.79 (5.06-15.26) | 60 (0-85) | 12.33 (6.80-22.33) 0.3 45(3259) | 98 (96-98) 16.7 (8.4-30.6) | 97.5(95.6-98.6) - 0.28
CXR (abnormal) 407 (2.97-558) | 45(0-76) | 4.07 (2.97-5.58) 0.84 41 (32-52) | 99 (98-99) 14.0 (9.5-20.2) | 96.1 (93.4-97.7) 0.08 027
CXR (suggests tuberculosis) | 6.37 (3.89-10.43) | 81(63-90) | 6.37 (3.92-10.35) 095 | 26(17-38) | 99(99-99) | 22.6 (17.6-28.5) | 95.4 (93.1-96.9) 0.12 0.1
Cough (any) 3.23(2.763.77) | 28(0-58) | 3.23(2.76-3.77) 0.98 30(23-38) | 99(9899) | 151 (12.4-182) | 95.3 (93.5-96.5) 0.84 <0.0001
Cough (>=2 weeks) 3.32(2.62-420) | 55(22-74) | 2.95(2.31-3.76) 0.41 18 (12-25) | 98 (97-98) | 19.2(15.9-22.9) | 94.1 (91.7-95.8) 04 <0.0001
Hb (<10 g/dL) 3.03(2.31-3.97) | 22(063) | 2.96(225-3.89) 0.96 22 (16:30) | 97 (96-98) 125 (6.6-22.4) | 95.2(91.3-97.4) 0.4 0.93
Hb (<8 g/dL) 3.25(1.73-6.09) | 60(18-81) | 4.33 (2.22-8.44) 0.54 5(3-8) 94 (90-96) 15,5 (7.2-30.3) | 93.9 (89.1-96.7) 0.12 0.63
BMI (<18.5 kg/m?) 3.11(2.65-3.64) | 9(0-45) | 3.45(2.83-4.20) 0.72 13(9-18) | 98(97-98) | 18.3 (13.4-24.5) | 93.6 (91.1-95.5) 0.65 0.26
Lymphadenopathy 3.96 (2.72-5.77) | 0(0-83) | 4.81(3.24-7.15) 0.93 12(526) | 99 (98-99) 18.3 (8.1-36.3) | 94.5(89.0-97.3) 0.21 0.32
W4SS with CRP (>=10 mg/L) 361(241-540) | 0(0-71) | 3.61(2.41-5.40) 0.9 71(45-88) | 99 (99-100) | 126 (8.1-19.0) | 96.5(93.7-98.1) - 0.28
W4SS with CXR (abnormal) 520 (3.61-7.54) | 0(0-62) | 5.44(3.79-7.83) 0.38 81(65-91) | 99 (99-99) 10.0 (6.9-14.4) | 97.8 (94.6-99.2) 0.91 0.04
W4SS then CRP (>=5 mg/L) 8.49 (4.69-15.37) | 72(30-89) | 8.95 (5.04-15.90) 0.66 30 (13-54) | 98(96-99) | 21.9(13.9-33.0) | 96.7 (94.6-98.0) - 0.61
WA4SS then Xpert* 142;73_(1965)'22' 32 (0-65) 142;%_(19:)'27' 0.37 5 (3-9) 93(90-95) | 87.9(75.4-94.5) | 96.6 (94.6-97.9) 0.66 0.54
Xpert alone* 165é8896_($75)'97' 62 (29-80) 273'2726(_1,’51;'19' 0.56 7 (4-10) 92 (88-95) | 81.1(66.8-90.1) | 97.5 (95.5-98.6) 0.65 0.78

TFor the meta-regressions, the outcome variable was the diagnostic odds ratio

ttCalculated using meta-analysis of proportions. We used a generalized linear mixed model with logit transformation in preference to protocol specified DerSimonian and Laird random effects model for proportions
with variance stabilization by applying the Freeman-Tukey double arcsine transformation

11tPooled using a trivariate generalized linear mixed model that jointly models diagnostic test prevalence and predictive values
*Estimates for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, GLMM = generalized linear mixed model, Hb = haemoglobin, NPV = negative predictive value, PPV = positive
predictive value, W4SS = WHO four-symptom screen
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Table 8-9B - Additional diagnostic accuracy estimates in outpatients (On ART)

Metaregressiont

Reference

Univariate diagnostic odds ratio Positive screen (%)t Trivariate GLMM+t1tt standard Prevalence
Test Estimate (95% Cl) | I2 (95% Cl) estrr:r;j?:;/i"cn E%gf\::::)s‘ '(Egsstf,;‘,’gtl‘; I2(95%Cl) | PPV (95%CI) | NPV (95% Cl) P-value P-value
wass 307 (209-452) | 0(0-63) | 3.80(2.50-5.79) 038 | 30(16-50) | 99 (98-99) 6.0(3991) | 97.9(96.7-98.7) 0.93 0.41
CRP (>=10 mglL) 2.36 (0.26-21.70) - - - 10 (7-13) - 27(0.1-13.8) | 98.8(97.0-99.5) - -
CRP (>=8 mg/L) 5.45 (0.88-33.56) - - - 11 (8-15) - 47 (13155) | 99.1(97.4-99.7) - -
CRP (>=5 mg/L) 2.63 (0.43-16.03) - - - 20 (17-25) - 26(0.7-89) | 99.0(97.1-99.7) - -
CXR (abnormal) 431(221-839) | 22(0-88) | 4.31(2.22-8.35) 0.64 | 38(26-52) | 98 (97-99) 59(4380) | 987 (97.4-99.3) 0.15 0.44
CXR (suggests tuberculosis) | 8.84 (4.39-17.80) | 37 (0-78) | 8.84 (4.44-17.58) 0.8 24 (1241) | 99(98-99) | 11.3(8.7-145) | 985 (97.3-99.2) 0.16 0.12
Cough (any) 316 (2.11-4.74) | 0(0-65) | 3.16 (2.11-4.74) 074 | 18(1128) | 97 (96-98) 71(49-10.1) | 97.8 (96.4-98.6) 0.21 0.21
Cough (>=2 weeks) 3.23(1536.82) | 0(0-72) | 2.27 (1.16-4.46) 0.12 7(222) | 98 (96-98) 9.6 (59-152) | 97.4 (95.0-98.6) 0.19 0.2
Hb (<10 g/dL) 542 (219-1345) | 0(0-87) | 542 (2.19-13.45) 076 | 19(10-31) | 94 (88-:97) 72(34147) | 98.7 (97.3-99.3) 0.59 0.81
Hb (<8 g/dL) 523 (162-16.91) | 0(0-83) | 822 (3.08-21.89) 0.15 6 (4-9) 54 (0-85) 6.7 (1.722.7) | 98.0(96.3-98.9) 0.96 0.46
BMI (<18.5 kg/m?) 261 (1.56-4.37) 0(0-0) 2.61 (1.56-4.37) 0.44 7(@13) | 95(91-97) 6.6 (35-121) | 97.4(96.1-98.2) 0.35 0.65
Lymphadenopathy 3.63 (0.71-18.45) - - - 8 (5-11) - 77 (21-241) | 97.8 (95.4-98.9) - -
W4SS with CRP (>=10 mg/L) | 0.97 (0.11-8.81) - - - 20 (17-25) - 13(01-6.9) | 98.7(96.7-99.5) - -
W4SS with CXR (abnormal) 3.69(1.966.93) | 0(061) | 3.69(1.96-6.93) 0.96 | 68 (46-84) | 99 (99-99) 47 (3464) | 988 (96.9-99.5) 0.79 0.41
W4SS then CRP (>=5 mg/L) 212 (0.11-40.08) - - - 4 (2-6) - 0.0 (0.0-20.4) | 98.6 (96.8-99.4) - -
W4SS then Xpert* 82.01 (14.71-457.12)| 65 (0-88) 23%:756(?5;')98' 0.82 1(0-4) 88 (71-95) | 78.3(22.7-97.8) | 98.9 (98.4-99.2) - 0.34
Xpert alone* 88.54 (10.76-728.44)| 81 (51-93) 44%388(‘(‘)5;')58' 0.46 2 (1-4) 82 (54-93) | 42.7(20.7-68.2) | 99.2(98.2-99.7) - 0.85

TFor the meta-regressions, the outcome variable was the diagnostic odds ratio

ttCalculated using meta-analysis of proportions. We used a generalized linear mixed model with logit transformation in preference to protocol specified DerSimonian and Laird random effects model for proportions
with variance stabilization by applying the Freeman-Tukey double arcsine transformation

1t11Pooled using a trivariate generalized linear mixed model that jointly models diagnostic test prevalence and predictive values
*Estimates for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, GLMM = generalized linear mixed model, Hb = haemoglobin, NPV = negative predictive value, PPV = positive
predictive value, W4SS = WHO four-symptom screen
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Table 8-9C - Additional diagnostic accuracy estimates in outpatients (Not on ART)

Metaregressiont

Univariate diagnostic odds ratio Positive screen (%)t Trivariate GLMM+t1tt Z?;iﬁ:;e Prevalence

Test Estimate (95% Cl) | I (95% Cl) estmr;j?;sﬂlcn E%g:’:::ft '(E;;I,Z’gtl‘; I2(95%Cl) | PPV (95%CI) | NPV (95% Cl) P-value P-value
wass 314 (261-378) | 0(0-46) | 3.11(2.59-3.75) 072 | 65(52-76) | 99(99-99) | 12.8(10.5-15.6) | 95.8 (94.4-96.8) 0.63 0.78
CRP (>=10 mg/L) 9.66 (5.97-15.65) | 67 (3-89) | 13.79 (8.17-23.28) |  0.35 | 40(33-46) | 91(82-96) | 28.4 (22.9-34.6) | 95.9 (94.6-96.9) - 0.66
CRP (>=8 mg/L) 9.30 (5.10-16.95) | 77 (37-92) | 14.05(7.45-2652) |  0.39 | 43 (36-50) | 92 (84-96) | 26.6 (21.1-32.9) | 961 (94.8-971) - 0.47
CRP (>=5 mg/L) 9.72 (5.65-16.70) | 62 (0-87) | 14.97 (8.02-27.93) |  0.61 52 (46-59) | 92 (86-96) | 23.3(18.8-28.4) | 96.8 (95.3-97.8) - 0.95
CXR (abnormal) 408 (3.02551) | 28(068) | 4.08(3.02-550) 093 | 42(3152) | 98(97-98) | 19.0 (15.3-23.2) | 95.0 (91.8-96.9) 0.44 0.01
CXR (suggests tuberculosis) | 5.98 (342-10.46) | 81(64-90) | 549 (3.23-9.32) 099 | 26(17-38) | 98(97-99) | 28.3 (246-32.4) | 93.7 (91.2-95.6) 0.29 <0.0001
Cough (any) 312 (2.74356) | 0(0-41) | 2.95(257-3.39) 029 | 33(27-40) | 98(97-98) | 16.9 (14.0-20.1) | 94.4 (92.5-95.9) 0.46 0.06
Cough (>=2 weeks) 3.26 (2.61-4.06) | 48(5-71) | 2.92(2.34-3.65) 047 | 21(15:28) | 97 (96-98) | 206 (17.6-23.9) | 93.3 (90.9-95.1) 0.72 0.01
Hb (<10 g/dL) 288(2.19-3.80) | 24(0-66) | 2.88 (2.19-3.80) 041 | 24(17-32) | 96(95:98) | 13.3(6.2-26.5) | 94.2(89.5-96.9) 0.55 0.44
Hb (<8 g/dL) 3.11(148-652) | 69(31-86) | 3.1 (1.50-6.43) 0.74 5 (3-8) 93 (90-96) | 16.6(6.3-37.0) | 92.6 (86.9-95.9) 0.08 0.91
BMI (<18.5 kg/m?) 3.05(254-366) | 17 (0-53) | 2.86 (2.37-3.46) 0.7 15(1021) | 97 (97-98) | 21.8(16.7-28.0) | 921 (89.5-941) 0.59 0.34
Lymphadenopathy 401(273589) | 0(0-83) | 343 (2.37-4.98) 0.85 11(426) | 98(97-99) | 195(7.1-436) | 94.8(87.7-97.9) 0.22 0.35
W4SS with CRP (>=10 mg/L) | 3.78 (251-5.70) | 0(0-67) | 3.44 (2.36-5.00) 017 | 82(70-90) | 98(97-99) | 16.3(14.9-17.7) | 955 (93.3-97.0) - 0.79
W4SS with CXR (abnormal) 485(3.07-7.67) | 0(0-66) | 573 (3.69-8.90) 022 | 83(69-92) | 98(97-98) | 125(9.1-16.8) | 97.2(92.8-99.0) 0.82 0.1
W4SS then CRP (>=5 mglL) 8.04 (4.86-16.45) | 78 (39-02) | 8.94 (4.88-16.38) 0.9 42 (3550) | 93(86-96) | 27.0(23.3-31.0) | 96.0 (94.3-97.2) - 0.88
W4SS then Xpert* 1401 4(.11 11)'63' 0044 | "2 4(_11 11)'63' 0.21 8(6-10) | 82(68-89) | 83.7(71.7-912) | 96.6(94.2-98.0) 0.32 0.85
Xpert alone* 184'2; 1(_1927()"87' 30 (0-66) 184'231(_:3%()"90' 0.99 9(7-11) | 74(53-86) | 84.0(74.7-903) | 97.7 (95.1-99.0) 0.29 0.36

TFor the meta-regressions, the outcome variable was the diagnostic odds ratio

ttCalculated using meta-analysis of proportions. We used a generalized linear mixed model with logit transformation in preference to protocol specified DerSimonian and Laird random effects model for proportions
with variance stabilization by applying the Freeman-Tukey double arcsine transformation

11tPooled using a trivariate generalized linear mixed model that jointly models diagnostic test prevalence and predictive values
*Estimates for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, GLMM = generalized linear mixed model, Hb = haemoglobin, NPV = negative predictive value, PPV = positive
predictive value, W4SS = WHO four-symptom screen
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Table 8-9D - Additional diagnostic accuracy estimates in participants with a CD4 cell count <=200 cells/uL

Metaregressiont

Univariate diagnostic odds ratio Positive screen (%)t Trivariate GLMM+t1tt Z?;iﬁ:;e Prevalence

Test Estimate (95% Cl) | I (95% Cl) estmr;j?;sﬂlcn E%g:’:::ft '(E;;I,Z’gtl‘; I2(95%Cl) | PPV (95%CI) | NPV (95% Cl) P-value P-value
wass 208(233-381) | 0(042) | 3.28(254-4.24) 029 | 70(55-82) | 98(98:99) | 17.5(14.7-20.7) | 94.0(92.0-95.5) 0.29 0.46
CRP (>=10 mg/L) 12.06 (7.99-1821) | 9(0-81) | 14.72(9.322324) | 002 | 46 (32:60) | 91(82-96) | 37.5(31.7-43.7) | 95.4 (93.7-96.6) - 0.1
CRP (>=8 mg/L) 13.34 (8.96-19.87) | 1(0-80) | 15.50 (10.22-23.51) | 004 | 50 (35-64) | 92 (84-96) | 36.0(29.8-42.8) | 96.0 (94.0-97.3) - 0.59
CRP (>=5 mg/L) 9.60 (5.15-18.26) | 35(0-76) | 12.41 (6.74-22.87) | 026 | 58 (43-72) | 94 (88-97) | 31.7 (26.4-37.5) | 961 (93.6-97.6) - 0.55
CXR (abnormal) 3.78 (2.835.05) | 0(0-66) | 4.12(3.08-550) 044 | 46 (37-56) | 96 (94-98) | 20.4 (15.7-26.2) | 93.7 (90.6-95.9) 0.23 0.4
CXR (suggests tuberculosis) | 4.95(3.15-7.78) | 61(16-82) | 552 (3.53-8.64) 0.7 32 (23-42) | 96 (95:98) | 29.7 (25.8-33.9) | 92.3 (89.7-94.3) 0.24 0.1
Cough (any) 263 (2.24309) | 0(0-40) | 2.65(2.26-3.11) 098 | 37(3045) | 96(95-97) | 21.8(18.6-25.3) | 91.4 (88.9-93.5) 0.77 0.01
Cough (>=2 weeks) 246 (1.93313) | 34(0-64) | 2.29(1.78-2.96) 041 | 25(18:33) | 94 (92-96) | 27.1(23.1-31.4) | 89.0 (85.9-01.4) 0.1 <0.0001
Hb (<10 g/dL) 325(221-479) | 37(0-71) | 3.13 (2.09-4.69) 0.71 30 (22-39) | 94 (90-96) | 204 (13.1-30.3) | 92.3 (88.1-95.0) 0.97 0.64
Hb (<8 g/dL) 349 (155-7.87) | 64 (27-82) | 4.65(1.93-11.16) 0.7 7(5-10) | 83(70-91) | 266 (14.0-44.7) | 89.9(85.1-93.3) 03 0.9
BMI (<18.5 kg/m?) 257(2.15-3.00) | 0(0-43) | 2.41(2.03-2.87) 0.61 19 (14-26) | 96 (95:97) | 24.6(19.1-31.0) | 89.1(86.3-91.4) 0.99 0.91
Lymphadenopathy# 397 (2.36-668) | 0(0-80) | 3.81(2.31-6.28) 0.59 14 (6:30) | 97 (95-98) ; ; 0.32 0.52
WA4SS with CRP (>=10 mg/L) | 514 (2.11-12.54) | 14(0-82) | 5.15(2.22-11.96) 063 | 80(56-92) | 96(9398) | 21.3(17.0-264) | 958 (91.6-98.0) - 0.15
W4SS with CXR (abnormal) 3.00 (2.256.79) | 0(0-36) | 511(3.14-8.31) 033 | 88(77-94) | 97(96-98) | 14.4 (11.0-18.7) | 96.7 (90.5-98.9) 0.82 0.29
W4SS then CRP (>=5 mglL) 750 (3.88-14.48) | 57 (0-84) | 12.80 (6.37-25.74) | 039 | 41(17-70) | 85 (67-93) | 32.5(27.0-38.6) | 94.7 (91.5:96.8) - 0.88
W4SS then Xpert* 127&%‘;@%56‘ 0 (0-52) 1422%_(3(?)'33' 0.1 12(9-14) | 68 (42-82) | 854 (73.1-92.6) | 95.4 (92.6-97.1) 0.47 0.29
Xpert alone* 167'2137(_;%()"59' 25 (0-63) 218'3;7(_1128'79' 0.41 13(10-16) | 63 (31-80) | 86.0(74.3-92.9) | 96.6 (94.0-98.1) 0.73 0.63

TFor the meta-regressions, the outcome variable was the diagnostic odds ratio

ttCalculated using meta-analysis of proportions. We used a generalized linear mixed model with logit transformation in preference to protocol specified DerSimonian and Laird random effects model for proportions
with variance stabilization by applying the Freeman-Tukey double arcsine transformation

11t1Pooled using a trivariate generalized linear mixed model that jointly models diagnostic test prevalence and predictive values
#Trivariate random-effects model did not converge
*Estimates for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, GLMM = generalized linear mixed model, Hb = haemoglobin, NPV = negative predictive value, PPV = positive
predictive value, W4SS = WHO four-symptom screen
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Table 8-9E - Additional diagnostic accuracy estimates in participants with a CD4 cell count >200 cells/uL

Metaregressiont

Univariate diagnostic odds ratio Positive screen (%)t Trivariate GLMM+t1tt Z?;iﬁ:;e Prevalence
Test Estimate (95% Cl) | I (95% Cl) estmr;j?;sﬂlcn E%g:’:::ft '(E;;I,Z’gtl‘; I2(95%Cl) | PPV (95%CI) | NPV (95% Cl) P-value P-value
wass 233(1.73-312) | 26(0-57) | 2.26(1.69-3.02) 08 52 (38-65) | 99 (99-99) 73(589.1) | 96.8(95597.8) 0.94 0.06
CRP (>=10 mg/L) 6.23 (3.64-10.65) | 36(0-76) | 6.23 (3.64-10.65) 097 | 23(14-37) | 95(92:97) | 16.8(11.2-24.3) | 97.2 (94.7-985) - 0.81
CRP (>=8 mg/L) 5.81(3.27-10.31) | 41(0-78) | 581 (3.27-10.31) 099 | 27(16-40) | 96(92:98) | 15.1(9.7-22.8) | 97.2(94.9-985) - 0.93
CRP (>=5 mg/L) 6.56 (4.14-1042) | 0(0-71) | 6.56 (4.14-10.42) 08 37 (26:50) | 95(92-97) | 12.8(8.0-20.0) | 97.8(96.2-98.7) - 0.59
CXR (abnormal) 3.60 (2.33-5.56) | 23(0-65) | 3.60 (2.33-556) 0.91 37 (28-48) | 98 (96-98) 8.3 (5.0-135) | 97.5(95.0-98.7) 0.25 0.1
CXR (suggests tuberculosis) | 6.51(3.79-11.16) | 52 (0-78) | 6.50 (3.82-11.06) 082 | 22(1333) | 98(98-99) | 153 (10.6-21.7) | 97.1(95.2-98.3) 013 0.12
Cough (any) 316 (2.51-3.99) | 13(047) | 3.16 (2.51-3.99) 094 | 26(2034) | 98(97-98) | 10.1(8.1-12.4) | 96.9 (95.7-97.8) 0.52 0.02
Cough (>=2 weeks) 345 (2.484.81) | 29(0-60) | 3.45(248-4.81) 098 | 15(1022) | 96(94-97) | 13.0 (10.2-16.4) | 96.1 (94.6-97.3) 0.57 0.01
Hb (<10 g/dL) 199 (129307) | 0(064) | 1.99(1.29-3.07) 099 | 16(1222) | 92 (86-95) 6.7 (32-135) | 96.1(92.7-98.0) 0.31 0.74
Hb (<8 g/dL) 287 (140-589) | 0(0-30) | 3.48(1.76-6.85) 0.51 4 (2-6) 86 (75-92) 74(27-186) | 95.9(92.2-97.9) 0.45 0.59
BMI (<18.5 kg/m?) 286 (2.17-3.75) 0 (0-0) 2.90 (2.21-3.81) 0.55 9(6-13) | 95(93-96) | 11.3(7.4-168) | 957 (94.0-96.9) 0.47 0.72
Lymphadenopathy 4.02 (2.26-7.16) 0 (0-0) 4.02 (2.26-7.16) 0.73 11(429) | 97(96:98) | 12.5(43-313) | 96.2(92.1-98.2) 0.69 0.55
W4SS with CRP (>=10 mg/L) 166 (1.012.72) | 0(0-74) | 142(0.87-231) 017 | 66(40-85) | 99 (98-99) 73(44119) | 96.0(91.8981) - 0.98
W4SS with CXR (abnormal) 3.56 (1.94-6.54) | 19(0-62) | 4.02(1.85-8.71) 033 | 73(58-84) | 99 (98-99) 6.2(3.909) | 984 (96.2-99.4) 0.62 0.13
W4SS then CRP (>=5 mglL) 7.56 (3.48-16.40) | 57 (0-84) | 5.24 (2.61-10.50) 052 | 22(10-43) | 96(93-98) | 15.0(8.9-242) | 97.7 (95.7-98.8) - 0.81
W4SS then Xpert* 1282‘;(373)'31' 10 (0-50) 149;18_(523)'48' 0.55 3 (2-5) 83 (72-90) | 82.5(67.5:915) | 97.1(95.3-98.2) 0.05 0.09
Xpert alone* 145;6%_(17;32' 36 (0-68) 151;3(?:)'62' 0.78 4 (3-6) 78 (62-87) | 77.0(66.0-85.2) | 97.9(96.0-98.9) 0.02 0.03

TFor the meta-regressions, the outcome variable was the diagnostic odds ratio

ttCalculated using meta-analysis of proportions. We used a generalized linear mixed model with logit transformation in preference to protocol specified DerSimonian and Laird random effects model for proportions
with variance stabilization by applying the Freeman-Tukey double arcsine transformation

11t1Pooled using a trivariate generalized linear mixed model that jointly models diagnostic test prevalence and predictive values
*Estimates for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, GLMM = generalized linear mixed model, Hb = haemoglobin, NPV = negative predictive value, PPV = positive
predictive value, W4SS = WHO four-symptom screen
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Table 8-9F - Additional diagnostic accuracy estimates in pregnant participants

Metaregressiont

Univariate diagnostic odds ratio Positive screen (%)t Trivariate GLMM+t1tt Z":;i"::;e Prevalence
Test Estimate (95% CI) | I (95% ClI) estm’;:’?:ﬂ'cn E%gi":::)“ '(Egsstf,z',’gtl‘; I2 (95% CI) PPV (95% Cl) | NPV (95% CI) P-value P-value
wass 2.22 (1.23-4.00) 0 (0-0) 2.27 (1.27-4.04) 0.89 | 43(26-62) | 94 (90-96) 5.8(3.4-9.8) | 98.7(92.8-99.8) 0.86 0.88
CRP (>=10 mg/L)# - - - - - - - - - -
CRP (>=8 mg/L)# - - - - - - - - - -
CRP (>=5 mg/L)# - - - - - - - - - -
CXR (abnormal) 6.60 (0.19-225.79) - - - 38 (12-72) - 33.3 (1.7-79.2) |100.0 (56.6-100.0) - -
CXR (suggests tuberculosis) |39.00 (0.53-2883.60) ; - - 14 (2-58) - 100.0 ( 5.1-100.0) |100.0 ( 61.0-100.0) - -
Cough (any) 4.05 (2.15-7.61) 0 (0-0) 3.73 (2.03-6.85) 0.18 20(13-32) | 90 (82-94) 10.0 (5.5-17.5) | 98.6 (96.1-99.5) 0.79 0.57
Cough (>=2 weeks) 7.25(3.68-1427) | 0(00) | 6.89 (3.55-13.39) 0.64 9 (5-16) 82 (67-91) 17.0 (9.029.8) | 98.0 (95.6-99.1) 0.9 0.96
Hb (<10 g/dL) 1.33(0.57-3.09) | 0 (0-85) 1.33 (0.57-3.09) 0.57 26 (16-40) | 78 (47-91) 31(156.3) | 98.2(89.9-99.7) 0.24 0.51
Hb (<8 g/dL)## 198 (0.25-1558) | 0(0-83) | 0.69(0.12-4.11) 0.02 2 (1-3) 6 (0-80) - - 0.51 0.29
BMI (<18.5 kg/m?) 5.68 (1.39-23.17) | 0(0-69) | 5.8 (1.39-23.17) 0.85 4 (2-6) 32 (0-71) 1.3(0.0-93.6) | 97.5(95.3-98.7) 0.96 0.76
Lymphadenopathy# - - - - - - - - - -
W4SS with CRP (>=10 mg/L){# - - - - - - - - - -
W4SS with CXR (abnormal) 3.86 (0.12-126.73) ] - - 50 (20-80) - 25.0 (1.3-69.9) |100.0 (51.0-100.0) - -
W4SS then CRP (>=5 mg/L)j# - - - - - - - - - -
W4SS then Xpert* e | 00 e roteics 0.12 1(0-2) 0(0-29) | 100.0(0.0-100.0) | 98.1(96.5-99.0) . 0.67
Xpert alone* 1416‘;99_(321)'79' 0 (0-0) 15861287_(5‘79)'84' 0.64 2 (1-4) 0 (0-76) 73.4 (40.5-91.8) | 98.5(97.0-99.3) ; 0.66

TFor the meta-regressions, the outcome variable was the diagnostic odds ratio

ttCalculated using meta-analysis of proportions. We used a generalized linear mixed model with logit transformation in preference to protocol specified DerSimonian and Laird random effects model for proportions
with variance stabilization by applying the Freeman-Tukey double arcsine transformation

1t11Pooled using a trivariate generalized linear mixed model that jointly models diagnostic test prevalence and predictive values
#Insufficient data to perform meta-analysis

##Trivariate random-effects model did not converge
*Estimates for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, GLMM = generalized linear mixed model, Hb = haemoglobin, NPV = negative predictive value, PPV = positive
predictive value, W4SS = WHO four-symptom screen
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Table 8-10: Yield of different screening and diagnostic algorithms when screening a population of 1000 persons

Table 8-10A - Yield of different screening and diagnostic algorithms at different prevalences when screening a population of 1000 participants

Outcome of screening§ Outcome of screening then diagnosis§
Test Total TB(TP+FPE| TP | FP [ TN | FN | PPV | NPV TP | TN | FP | FN PPV | NPV | NNS
1% prevalence
W4ss 10 582 8 574 416 2 1.4 99.6 - - - - - - -
CRP (>=10 mg/L) 10 265 8 257 733 2 2.9 99.7 - - - - - - -
CRP (>=8 mg/L) 10 305 8 297 693 2 2.7 99.7 - - - - - - -
CRP (>=5 mg/L) 10 405 9 396 594 1 2.1 99.8 - - - - - - -
CXR (abnormal) 10 383 7 376 614 3 1.9 99.5 - - - - - - -
CXR (suggests tuberculosis) 10 224 6 218 772 4 2.8 99.5 - - - - - - -
Cough (any) 10 283 6 277 713 4 2 99.4 - - - - - - -
Cough (>=2 weeks) 10 162 4 158 832 6 2.3 99.3 - - - - - - -
Hb (<10 g/dL) 10 202 4 198 792 6 21 99.3 - - - - - - -
Hb (<8 g/dL) 10 41 1 40 950 9 29 99.1 - - - - - - -
BMI (<18.5 kg/m?) 10 112 3 109 881 7 2.6 99.2 - - - - - - -
Lymphadenopathy 10 102 3 99 891 7 3 99.2 - - - - - - -
W4SS with CRP (>=10 mg/L){ 10 692 9 683 307 1 1.3 99.6 - - - - - - -
W4SS with CXR (abnormal){ 10 801 9 792 198 1 1.2 99.7 - - - - - - -
W4SS then CRP (>=5 mg/L){ 10 255 7 248 742 3 2.8 99.6 - - - - - - -
Xpert alone*t 10 - - - - - - - 7 980 10 3 40.7 99.7 143
WHO screen then Xpert*t 10 - - - - - - - 6 980 10 4 36.9 99.6 167
5% prevalence

wW4ss 50 592 41 551 399 9 6.9 97.8 - - - - - - -
CRP (>=10 mg/L) 50 285 38 247 703 12 135 98.4 - - - - - - -
CRP (>=8 mg/L) 50 325 40 285 665 10 12.4 98.6 - - - - - - -
CRP (>=5 mg/L) 50 424 44 380 570 6 10.3 98.9 - - - - - - -
CXR (abnormal) 50 397 36 361 589 14 9.1 97.7 - - - - - - -
CXR (suggests tuberculosis) 50 241 32 209 741 18 13.1 97.6 - - - - - - -
Cough (any) 50 294 28 266 684 22 9.5 96.9 - - - - - - -
Cough (>=2 weeks) 50 171 19 152 798 31 11.1 96.3 - - - - - - -
Hb (<10 g/dL) 50 212 22 190 760 28 10.2 96.4 - - - - - - -
Hb (<8 g/dL) 50 44 6 38 912 44 13.6 95.4 - - - - - - -
BMI (<18.5 kg/m?) 50 118 14 104 846 36 12.2 96 - - - - - - -
Lymphadenopathy 50 111 16 95 855 34 14 96.1 - - - - - - -
W4SS with CRP (>=10 mg/L){ 50 700 44 656 294 6 6.3 98 - - - - - - -
W4SS with CXR (abnormal){ 50 807 47 760 190 3 5.8 98.4 - - - - - - -
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Outcome of screening§

Outcome of screening then diagnosis§

Test Total TB | TP+FP% TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS
W4SS then CRP (>=5 mg/L){ 50 273 35 238 712 15 12.8 97.9 - - - - - - -
Xpert alone*t 50 - - - - - - - 34 940 10 16 78.2 98.3 29
WHO screen then Xpert*t 50 - - - - - - - 29 940 10 21 75.3 97.8 34
10% prevalence
W4SSs 100 604 82 522 378 18 13.6 95.5 - - - - - - -
CRP (>=10 mg/L) 100 311 77 234 666 23 24.8 96.7 - - - - - - -
CRP (>=8 mg/L) 100 351 81 270 630 19 231 97.1 - - - - - - -
CRP (>=5 mg/L) 100 447 87 360 540 13 19.5 97.6 - - - - - - -
CXR (abnormal) 100 414 72 342 558 28 17.4 95.2 - - - - - - -
CXR (suggests tuberculosis) 100 261 63 198 702 37 241 95 - - - - - - -
Cough (any) 100 308 56 252 648 44 18.2 93.6 - - - - - - -
Cough (>=2 weeks) 100 182 38 144 756 62 20.9 92.4 - - - - - - -
Hb (<10 g/dL) 100 223 43 180 720 57 19.3 92.7 - - - - - - -
Hb (<8 g/dL) 100 48 12 36 864 88 25 90.8 - - - - - - -
BMI (<18.5 kg/m?) 100 128 29 99 801 71 22.7 91.9 - - - - - - -
Lymphadenopathy 100 121 31 90 810 69 25.6 92.2 - - - - - - -
W4SS with CRP (>=10 mg/L){ 100 709 88 621 279 12 12.4 95.9 - - - - - - -
W4SS with CXR (abnormal){ 100 814 94 720 180 6 11.5 96.8 - - - - - - -
WA4SS then CRP (>=5 mg/L){ 100 295 70 225 675 30 23.7 95.7 - - - - - - -
Xpert alone*t 100 - - - - - - - 68 891 9 32 88.3 96.5 15
WHO screen then Xpert*t 100 - - - - - - - 58 891 9 42 86.6 95.5 17
20% prevalence
W4ss 200 628 164 464 336 36 26.1 90.3 - - - - - - -
CRP (>=10 mg/L) 200 362 154 208 592 46 42.5 92.8 - - - - - - -
CRP (>=8 mg/L) 200 402 162 240 560 38 40.3 93.6 - - - - - - -
CRP (>=5 mg/L) 200 494 174 320 480 26 35.2 94.9 - - - - - - -
CXR (abnormal) 200 448 144 304 496 56 32.1 89.9 - - - - - - -
CXR (suggests tuberculosis) 200 302 126 176 624 74 41.7 89.4 - - - - - - -
Cough (any) 200 336 112 224 576 88 33.3 86.7 - - - - - - -
Cough (>=2 weeks) 200 204 76 128 672 124 37.3 84.4 - - - - - - -
Hb (<10 g/dL) 200 246 86 160 640 114 35 84.9 - - - - - - -
Hb (<8 g/dL) 200 56 24 32 768 176 42.9 81.4 - - - - - - -
BMI (<18.5 kg/m?) 200 146 58 88 712 142 39.7 83.4 - - - - - - -
Lymphadenopathy 200 142 62 80 720 138 43.7 83.9 - - - - - - -
W4SS with CRP (>=10 mg/L){ 200 728 176 552 248 24 24.2 91.2 - - - - - - -
W4SS with CXR (abnormal){ 200 828 188 640 160 12 22.7 93 - - - - - - -
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Outcome of screening§ Outcome of screening then diagnosis§
Test Total TB | TP+FP} TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS
WA4SS then CRP (>=5 mg/L){ 200 340 140 200 600 60 41.2 90.9 - - - - - - -
Xpert alone*t 200 - - - - - - - 136 792 8 64 94 .4 92.5 7
WHO screen then Xpert*t 200 - - - - - - - 116 792 8 84 93.5 90.4 9

§Estimated using the pooled point estimates for sensitivity and specificity for different tests/strategies

FTP+FP is the number of participants who screen positive (i.e. the number who need subsequent Xpert testing)

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive
*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)

1The test accuracy of Xpert in those who were W4SS positive was: 12 studies; 4558 participants; sensitivity 0.74 (0.65-0.81), specificity 0.98 (0.97-0.99).

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, FN= false negative, FP = false positive, Hb = haemoglobin, NNS = number needed to screen,
NPV = negative predictive value, PPV = positive predictive value, TB = tuberculosis, TN = true negative, TP = true positive, W4SS = WHO four-symptom screen
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Table 8-10B - Yield of different screening and diagnostic algorithms at different prevalences when screening a population of 1000 outpatients (on ART)

Outcome of screening§ Outcome of screening then diagnosis§
Test Total TB| TP+FPf | TP FP TN | FN | PPV NPV TP N FP | FN | PPV [ NPV | NNS
1% prevalence
W4ss 10 292 5 287 703 5 1.8 99.3 - - - - - - -
CRP (>=10 mg/L) 10 101 2 99 891 8 2 99.1 - - - - - - -
CRP (>=8 mg/L) 10 113 4 109 881 6 3.5 99.3 - - - - - - -
CRP (>=5 mg/L) 10 202 4 198 792 6 2 99.2 - - - - - - -
CXR (abnormal) 10 373 7 366 624 3 99.6 - - - - - - -
CXR (suggests tuberculosis) 10 225 7 218 772 3 3.1 99.6 - - - - - - -
Cough (any) 10 172 4 168 822 6 2.3 99.3 - - - - - - -
Cough (>=2 weeks) 10 71 2 69 921 8 2.7 99.1 - - - - - - -
Hb (<10 g/dL) 10 184 6 178 812 4 3 99.4 - - - - - - -
Hb (<8 g/dL) 10 61 2 59 931 8 29 99.1 - - - - - - -
BMI (<18.5 kg/m?) 10 71 2 69 921 8 23 99.1 - - - - - - -
Lymphadenopathy 10 71 2 69 921 8 3.1 99.2 - - - - - - -
W4SS with CRP (>=10 mg/L){ 10 200 2 198 792 8 1 99 - - - - - - -
W4SS with CXR (abnormal){ 10 672 9 663 327 1 1.3 99.7 - - - - - - -
W4SS then CRP (>=5 mg/L){ 10 41 1 40 950 9 2 99 - - - - - - -
Xpert alone*t 10 - - - - - - - 5 980 10 5 34.9 99.5 200
WHO screen then Xpert*t 10 - - - - - - - 4 990 0 6 100 99.4 250
5% prevalence

wW4ss 50 302 26 276 674 24 8.8 96.6 - - - - - - -
CRP (>=10 mgl/L) 50 105 10 95 855 40 9.5 95.5 - - - - - - -
CRP (>=8 mg/L) 50 124 20 104 846 30 16.1 96.6 - - - - - - -
CRP (>=5 mg/L) 50 210 20 190 760 30 9.5 96.2 - - - - - - -
CXR (abnormal) 50 388 36 352 598 14 9.4 97.8 - - - - - - -
CXR (suggests tuberculosis) 50 244 35 209 741 15 14.3 98 - - - - - - -
Cough (any) 50 181 20 161 789 30 11 96.3 - - - - - - -
Cough (>=2 weeks) 50 76 10 66 884 40 125 95.6 - - - - - - -
Hb (<10 g/dL) 50 199 28 171 779 22 13.9 97.2 - - - - - - -
Hb (<8 g/dL) 50 66 9 57 893 41 13.6 95.6 - - - - - - -
BMI (<18.5 kg/m?) 50 74 8 66 884 42 10.7 95.5 - - - - - - -
Lymphadenopathy 50 77 11 66 884 39 14.2 95.8 - - - - - - -
W4SS with CRP (>=10 mg/L){ 50 200 10 190 760 40 5 95 - - - - - - -
W4SS with CXR (abnormal){ 50 680 44 636 314 6 6.5 98.3 - - - - - - -
W4SS then CRP (>=5 mg/L){ 50 42 4 38 912 46 9.5 95.2 - - - - - - -
Xpert alone*t 50 - - - - - - - 26 940 10 24 73.6 97.6 38
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Outcome of screening§

Outcome of screening then diagnosis§

Test Total TB | TP+FP% TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS
WHO screen then Xpert*t 50 - - - - - - - 18 950 0 32 100 96.8 56
10% prevalence
W4SSs 100 314 53 261 639 47 16.9 93.1 - - - - - - -
CRP (>=10 mg/L) 100 110 20 90 810 80 18.2 91 - - - - - - -
CRP (>=8 mg/L) 100 139 40 99 801 60 28.8 93 - - - - - - -
CRP (>=5 mg/L) 100 220 40 180 720 60 18.2 92.3 - - - - - - -
CXR (abnormal) 100 406 73 333 567 27 18 95.5 - - - - - - -
CXR (suggests tuberculosis) 100 268 70 198 702 30 26.1 95.9 - - - - - - -
Cough (any) 100 193 40 153 747 60 20.7 92.6 - - - - - - -
Cough (>=2 weeks) 100 82 19 63 837 81 23.2 91.2 - - - - - - -
Hb (<10 g/dL) 100 217 55 162 738 45 25.3 94.3 - - - - - - -
Hb (<8 g/dL) 100 72 18 54 846 82 25 91.2 - - - - - - -
BMI (<18.5 kg/m?) 100 79 16 63 837 84 20.3 90.9 - - - - - - -
Lymphadenopathy 100 85 22 63 837 78 25.9 91.5 - - - - - - -
W4SS with CRP (>=10 mg/L){ 100 200 20 180 720 80 10 90 - - - - - - -
W4SS with CXR (abnormal){ 100 692 89 603 297 11 12.9 96.4 - - - - - - -
W4SS then CRP (>=5 mg/L){ 100 44 8 36 864 92 18.2 90.4 - - - - - - -
Xpert alone*t 100 - - - - - - - 53 891 9 47 85.5 95 19
WHO screen then Xpert*t 100 - - - - - - - 37 900 0 63 100 93.5 27
20% prevalence
W4ss 200 338 106 232 568 94 314 85.8 - - - - - - -
CRP (>=10 mg/L) 200 120 40 80 720 160 33.3 81.8 - - - - - - -
CRP (>=8 mg/L) 200 168 80 88 712 120 47.6 85.6 - - - - - - -
CRP (>=5 mg/L) 200 240 80 160 640 120 33.3 84.2 - - - - - - -
CXR (abnormal) 200 442 146 296 504 54 33 90.3 - - - - - - -
CXR (suggests tuberculosis) 200 316 140 176 624 60 443 91.2 - - - - - - -
Cough (any) 200 216 80 136 664 120 37 84.7 - - - - - - -
Cough (>=2 weeks) 200 94 38 56 744 162 40.4 82.1 - - - - - - -
Hb (<10 g/dL) 200 254 110 144 656 90 43.3 87.9 - - - - - - -
Hb (<8 g/dL) 200 84 36 48 752 164 42.9 82.1 - - - - - - -
BMI (<18.5 kg/m?) 200 88 32 56 744 168 36.4 81.6 - - - - - - -
Lymphadenopathy 200 100 44 56 744 156 44 82.7 - - - - - - -
W4SS with CRP (>=10 mg/L){ 200 200 40 160 640 160 20 80 - - - - - - -
W4SS with CXR (abnormal){ 200 714 178 536 264 22 24.9 92.3 - - - - - - -
W4SS then CRP (>=5 mg/L){ 200 48 16 32 768 184 33.3 80.7 - - - - - - -
Xpert alone*t 200 - - - - - - - 106 792 8 94 93 89.4 9

171




Outcome of screening§

Outcome of screening then diagnosis§

Test

Total TB

TP+FP}

P

FP

TN

FN

PPV

NPV

P

TN

FP

FN

PPV

NPV

NNS

WHO screen then Xpert*t

200

74

800

0

126

100

86.4

14

§Estimated using the pooled point estimates for sensitivity and specificity for different tests/strategies
FTP+FP is the number of participants who screen positive (i.e. the number who need subsequent Xpert testing)
{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive

*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)
1The test accuracy of Xpert in those who were W4SS positive was: 4 studies; 564 participants; sensitivity 0.91 (0.42-0.99), specificity 0.98 (0.91-1).

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, FN= false negative, FP = false positive, Hb = haemoglobin, NNS = number needed to screen,
NPV = negative predictive value, PPV = positive predictive value, TB = tuberculosis, TN = true negative, TP = true positive, W4SS = WHO four-symptom screen
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Table 8-10C - Yield of different screening and diagnostic algorithms at different prevalences when screening a population of 1000 outpatients (not on ART)

Outcome of screening§ Outcome of screening then diagnosis§
Test Total TB| TP+FPf | TP FP TN [ FN | PPV | NPV TP N FP | FN | PPV [ NPV | NNS
1% prevalence
W4ss 10 632 8 624 366 2 1.3 99.6 - - - - - - -
CRP (>=10 mg/L) 10 335 8 327 663 2 25 99.7 - - - - - - -
CRP (>=8 mg/L) 10 374 8 366 624 2 23 99.8 - - - - - - -
CRP (>=5 mg/L) 10 474 9 465 525 1 1.9 99.8 - - - - - - -
CXR (abnormal) 10 383 7 376 614 3 1.9 99.5 - - - - - - -
CXR (suggests tuberculosis) 10 214 6 208 782 4 2.9 99.5 - - - - - - -
Cough (any) 10 303 6 297 693 4 1.9 99.4 - - - - - - -
Cough (>=2 weeks) 10 182 4 178 812 6 24 99.3 - - - - - - -
Hb (<10 g/dL) 10 222 4 218 772 6 2 99.3 - - - - - - -
Hb (<8 g/dL) 10 41 1 40 950 9 2.7 99.1 - - - - - - -
BMI (<18.5 kg/m?) 10 132 3 129 861 7 24 99.2 - - - - - - -
Lymphadenopathy 10 92 3 89 901 7 3.3 99.2 - - - - - - -
W4SS with CRP (>=10 mg/L){ 10 801 9 792 198 1 1.2 99.7 - - - - - - -
W4SS with CXR (abnormal){ 10 822 10 812 178 0 1.2 99.7 - - - - - - -
W4SS then CRP (>=5 mg/L){ 10 364 8 356 634 2 2.3 99.7 - - - - - - -
Xpert alone*t 10 - - - - - - - 7 980 10 3 42.8 99.7 143
WHO screen then Xpert*t 10 - - - - - - - 6 980 10 4 39.3 99.6 167
5% prevalence

wW4ss 50 640 42 598 352 8 6.6 97.9 - - - - - - -
CRP (>=10 mgl/L) 50 355 42 313 637 8 11.7 98.7 - - - - - - -
CRP (>=8 mg/L) 50 394 42 352 598 8 10.8 98.8 - - - - - - -
CRP (>=5 mg/L) 50 490 44 446 504 6 9.1 98.9 - - - - - - -
CXR (abnormal) 50 397 36 361 589 14 9 97.6 - - - - - - -
CXR (suggests tuberculosis) 50 230 31 199 751 19 134 97.5 - - - - - - -
Cough (any) 50 314 29 285 665 21 9.2 96.9 - - - - - - -
Cough (>=2 weeks) 50 193 22 171 779 28 11.2 96.5 - - - - - - -
Hb (<10 g/dL) 50 231 22 209 741 28 9.5 96.4 - - - - - - -
Hb (<8 g/dL) 50 44 6 38 912 44 12.6 95.3 - - - - - - -
BMI (<18.5 kg/m?) 50 140 16 124 826 34 11.2 96 - - - - - - -
Lymphadenopathy 50 100 15 85 865 35 14.9 96.1 - - - - - - -
W4SS with CRP (>=10 mg/L){ 50 807 47 760 190 3 5.8 98.4 - - - - - - -
W4SS with CXR (abnormal){ 50 827 48 779 171 2 5.7 98.6 - - - - - - -
W4SS then CRP (>=5 mg/L){ 50 384 42 342 608 8 10.9 98.7 - - - - - - -
Xpert alone*t 50 - - - - - - - 37 940 10 13 79.6 98.6 27




Outcome of screening§

Outcome of screening then diagnosis§

Test Total TB | TP+FP} TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS
WHO screen then Xpert*t 50 - - - - - - - 32 940 10 18 771 98.1 31
10% prevalence
W4SSs 100 652 85 567 333 15 13 95.7 - - - - - - -
CRP (>=10 mg/L) 100 380 83 297 603 17 21.8 97.3 - - - - - - -
CRP (>=8 mg/L) 100 418 85 333 567 15 20.3 97.4 - - - - - - -
CRP (>=5 mg/L) 100 512 89 423 477 11 17.4 97.7 - - - - - - -
CXR (abnormal) 100 413 71 342 558 29 17.2 95.1 - - - - - - -
CXR (suggests tuberculosis) 100 251 62 189 711 38 24.7 94.9 - - - - - - -
Cough (any) 100 328 58 270 630 42 17.7 93.8 - - - - - - -
Cough (>=2 weeks) 100 205 43 162 738 57 21 92.8 - - - - - - -
Hb (<10 g/dL) 100 242 44 198 702 56 18.2 92.6 - - - - - - -
Hb (<8 g/dL) 100 47 11 36 864 89 23.4 90.7 - - - - - - -
BMI (<18.5 kg/m?) 100 148 31 117 783 69 20.9 91.9 - - - - - - -
Lymphadenopathy 100 111 30 81 819 70 27 92.1 - - - - - - -
W4SS with CRP (>=10 mg/L){ 100 814 94 720 180 6 11.5 96.8 - - - - - - -
W4SS with CXR (abnormal){ 100 833 95 738 162 5 114 97 - - - - - - -
W4SS then CRP (>=5 mg/L){ 100 408 84 324 576 16 20.6 97.3 - - - - - - -
Xpert alone*t 100 - - - - - - - 74 891 9 26 89.2 97.2 14
WHO screen then Xpert*t 100 - - - - - - - 64 891 9 36 87.7 96.1 16
20% prevalence
w4ss 200 674 170 504 296 30 25.2 90.8 - - - - - - -
CRP (>=10 mg/L) 200 430 166 264 536 34 38.6 94 - - - - - - -
CRP (>=8 mg/L) 200 466 170 296 504 30 36.5 94.4 - - - - - - -
CRP (>=5 mg/L) 200 554 178 376 424 22 32.1 95.1 - - - - - - -
CXR (abnormal) 200 446 142 304 496 58 31.8 89.5 - - - - - - -
CXR (suggests tuberculosis) 200 292 124 168 632 76 425 89.3 - - - - - - -
Cough (any) 200 356 116 240 560 84 326 87 - - - - - - -
Cough (>=2 weeks) 200 230 86 144 656 114 374 85.2 - - - - - - -
Hb (<10 g/dL) 200 264 88 176 624 112 33.3 84.8 - - - - - - -
Hb (<8 g/dL) 200 54 22 32 768 178 40.7 81.2 - - - - - - -
BMI (<18.5 kg/m?) 200 166 62 104 696 138 37.3 83.5 - - - - - - -
Lymphadenopathy 200 132 60 72 728 140 455 83.9 - - - - - - -
W4SS with CRP (>=10 mg/L){ 200 828 188 640 160 12 22.7 93 - - - - - - -
W4SS with CXR (abnormal){ 200 846 190 656 144 10 22.5 93.5 - - - - - - -
W4SS then CRP (>=5 mg/L){ 200 456 168 288 512 32 36.8 94.1 - - - - - - -
Xpert alone*t 200 - - - - - - - 148 792 8 52 94.9 93.8 7
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Outcome of screening§ Outcome of screening then diagnosis§

Test Total TB | TP+FP%L TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS

WHO screen then Xpert*t 200 - - - - - - - 128 792 8 72 94 .1 91.7 8

§Estimated using the pooled point estimates for sensitivity and specificity for different tests/strategies

FTP+FP is the number of participants who screen positive (i.e. the number who need subsequent Xpert testing)

q[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive
*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)

1The test accuracy of Xpert in those who were W4SS positive was: 10 studies; 3909 participants; sensitivity 0.76 (0.67-0.83), specificity 0.98 (0.97-0.99).

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, FN= false negative, FP = false positive, Hb = haemoglobin, NNS = number needed to screen,
NPV = negative predictive value, PPV = positive predictive value, TB = tuberculosis, TN = true negative, TP = true positive, W4SS = WHO four-symptom screen
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Table 8-10D - Yield of different screening and diagnostic algorithms at different prevalences when screening a population of 1000 participants with a CD4 cell count <=200 cells/uL

Outcome of screening§ Outcome of screening then diagnosis§
Test Total TB| TP+FPf | TP FP TN [ FN | PPV | NPV TP N FP FN PPV | NPV | NNS
1% prevalence
W4ss 10 680 44 636 314 6 6.4 98 - - - - - - -
CRP (>=10 mg/L) 10 405 44 361 589 6 10.9 99 - - - - - - -
CRP (>=8 mg/L) 10 444 45 399 551 5 10.1 99.1 - - - - - - -
CRP (>=5 mg/L) 10 540 46 494 456 4 8.5 99.1 - - - - - - -
CXR (abnormal) 10 435 36 399 551 14 8.4 97.6 - - - - - - -
CXR (suggests tuberculosis) 10 279 32 247 703 18 11.5 97.5 - - - - - - -
Cough (any) 10 353 30 323 627 20 8.4 96.8 - - - - - - -
Cough (>=2 weeks) 10 230 21 209 741 29 9.1 96.2 - - - - - - -
Hb (<10 g/dL) 10 274 27 247 703 23 9.9 96.8 - - - - - - -
Hb (<8 g/dL) 10 54 7 47 903 43 12.8 95.5 - - - - - - -
BMI (<18.5 kg/m?) 10 179 18 161 789 32 9.8 96 - - - - - - -
Lymphadenopathy 10 120 16 104 846 34 13.6 96.2 - - - - - - -
W4SS with CRP (>=10 mg/L){ 10 778 46 732 218 4 6 98.4 - - - - - - -
W4SS with CXR (abnormal){ 10 865 48 817 133 2 5.5 98.5 - - - - - - -
W4SS then CRP (>=5 mg/L){ 10 363 40 323 627 10 11 98.4 - - - - - - -
Xpert alone*t 10 - - - - - - - 38 931 19 12 67 98.8 26
WHO screen then Xpert*t 10 - - - - - - - 34 931 19 16 64.5 98.4 29
5% prevalence
wW4ss 50 690 87 603 297 13 12.6 95.8 - - - - - - -
CRP (>=10 mgl/L) 50 430 88 342 558 12 20.5 97.9 - - - - - - -
CRP (>=8 mg/L) 50 468 90 378 522 10 19.2 98.1 - - - - - - -
CRP (>=5 mg/L) 50 560 92 468 432 8 16.4 98.2 - - - - - - -
CXR (abnormal) 50 451 73 378 522 27 16.2 95.1 - - - - - - -
CXR (suggests tuberculosis) 50 298 64 234 666 36 215 94.9 - - - - - - -
Cough (any) 50 365 59 306 594 41 16.2 93.5 - - - - - - -
Cough (>=2 weeks) 50 240 42 198 702 58 17.5 924 - - - - - - -
Hb (<10 g/dL) 50 288 54 234 666 46 18.8 93.5 - - - - - - -
Hb (<8 g/dL) 50 59 14 45 855 86 23.7 90.9 - - - - - - -
BMI (<18.5 kg/m?) 50 188 35 153 747 65 18.6 92 - - - - - - -
Lymphadenopathy 50 132 33 99 801 67 25 92.3 - - - - - - -
W4SS with CRP (>=10 mg/L){ 50 786 93 693 207 7 11.8 96.7 - - - - - - -
W4SS with CXR (abnormal){ 50 870 96 774 126 4 11 96.9 - - - - - - -
W4SS then CRP (>=5 mg/L){ 50 386 80 306 594 20 20.7 96.7 - - - - - - -
Xpert alone*t 50 - - - - - - - 77 882 18 23 81.1 97.5 13
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Outcome of screening§

Outcome of screening then diagnosis§

Test Total TB | TP+FP} TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS
WHO screen then Xpert*t 50 - - - - - - - 69 882 18 31 79.3 96.6 14
10% prevalence
W4SSs 100 710 174 536 264 26 24.5 91 - - - - - - -
CRP (>=10 mg/L) 100 480 176 304 496 24 36.7 95.4 - - - - - - -
CRP (>=8 mg/L) 100 516 180 336 464 20 34.9 95.9 - - - - - - -
CRP (>=5 mg/L) 100 600 184 416 384 16 30.7 96 - - - - - - -
CXR (abnormal) 100 482 146 336 464 54 30.3 89.6 - - - - - - -
CXR (suggests tuberculosis) 100 336 128 208 592 72 38.1 89.2 - - - - - - -
Cough (any) 100 390 118 272 528 82 30.3 86.6 - - - - - - -
Cough (>=2 weeks) 100 260 84 176 624 116 323 84.3 - - - - - - -
Hb (<10 g/dL) 100 316 108 208 592 92 342 86.5 - - - - - - -
Hb (<8 g/dL) 100 68 28 40 760 172 41.2 81.5 - - - - - - -
BMI (<18.5 kg/m?) 100 206 70 136 664 130 34 83.6 - - - - - - -
Lymphadenopathy 100 154 66 88 712 134 42.9 84.2 - - - - - - -
W4SS with CRP (>=10 mg/L){ 100 802 186 616 184 14 23.2 92.9 - - - - - - -
W4SS with CXR (abnormal){ 100 880 192 688 112 8 21.8 93.3 - - - - - - -
W4SS then CRP (>=5 mg/L){ 100 432 160 272 528 40 37 93 - - - - - - -
Xpert alone*t 100 - - - - - - - 154 784 16 46 90.6 94.5 6
WHO screen then Xpert*t 100 - - - - - - - 138 784 16 62 89.6 92.7 7
20% prevalence
w4ss 200 730 261 469 231 39 35.8 85.6 - - - - - - -
CRP (>=10 mg/L) 200 530 264 266 434 36 49.8 92.3 - - - - - - -
CRP (>=8 mg/L) 200 564 270 294 406 30 47.9 93.1 - - - - - - -
CRP (>=5 mg/L) 200 640 276 364 336 24 43.1 93.3 - - - - - - -
CXR (abnormal) 200 513 219 294 406 81 42.7 83.4 - - - - - - -
CXR (suggests tuberculosis) 200 374 192 182 518 108 51.3 82.7 - - - - - - -
Cough (any) 200 415 177 238 462 123 42.7 79 - - - - - - -
Cough (>=2 weeks) 200 280 126 154 546 174 45 75.8 - - - - - - -
Hb (<10 g/dL) 200 344 162 182 518 138 471 79 - - - - - - -
Hb (<8 g/dL) 200 77 42 35 665 258 54.5 72 - - - - - - -
BMI (<18.5 kg/m?) 200 224 105 119 581 195 46.9 74.9 - - - - - - -
Lymphadenopathy 200 176 99 77 623 201 56.3 75.6 - - - - - - -
W4SS with CRP (>=10 mg/L){ 200 818 279 539 161 21 34.1 88.5 - - - - - - -
W4SS with CXR (abnormal){ 200 890 288 602 98 12 324 89.1 - - - - - - -
W4SS then CRP (>=5 mg/L){ 200 478 240 238 462 60 50.2 88.5 - - - - - - -
Xpert alone*t 200 - - - - - - - 231 686 14 69 94.3 90.9 4
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Outcome of screening§ Outcome of screening then diagnosis§

Test Total TB | TP+FP%L TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS

WHO screen then Xpert*t 200 - - - - - - - 207 686 14 93 93.7 88.1 5

§Estimated using the pooled point estimates for sensitivity and specificity for different tests/strategies

FTP+FP is the number of participants who screen positive (i.e. the number who need subsequent Xpert testing)

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive
*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)

1The test accuracy of Xpert in those who were W4SS positive was: 12 studies; 2315 participants; sensitivity 0.79 (0.7-0.86), specificity 0.97 (0.95-0.98).

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, FN= false negative, FP = false positive, Hb = haemoglobin, NNS = number needed to screen,
NPV = negative predictive value, PPV = positive predictive value, TB = tuberculosis, TN = true negative, TP = true positive, W4SS = WHO four-symptom screen
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Table 8-10E - Yield of different screening and diagnostic algorithms at different prevalences when screening a population of 1000 participants with a CD4 cell count >200 cells/uL

Outcome of screening§ Outcome of screening then diagnosis§
Test Total TB| TP+FPf | TP FP TN [ FN | PPV | NPV TP N FP FN PPV | NPV | NNS
1% prevalence
W4ss 10 512 7 505 485 3 1.4 99.4 - - - - - - -
CRP (>=10 mg/L) 10 214 6 208 782 4 3 99.6 - - - - - - -
CRP (>=8 mg/L) 10 245 7 238 752 3 2.7 99.6 - - - - - - -
CRP (>=5 mg/L) 10 354 8 346 644 2 22 99.7 - - - - - - -
CXR (abnormal) 10 363 7 356 634 3 1.8 99.5 - - - - - - -
CXR (suggests tuberculosis) 10 194 6 188 802 4 3 99.5 - - - - - - -
Cough (any) 10 243 5 238 752 5 21 99.4 - - - - - - -
Cough (>=2 weeks) 10 132 3 129 861 7 2.6 99.2 - - - - - - -
Hb (<10 g/dL) 10 160 2 158 832 8 1.6 99.1 - - - - - - -
Hb (<8 g/dL) 10 41 1 40 950 9 1.5 99 - - - - - - -
BMI (<18.5 kg/m?) 10 81 2 79 911 8 25 99.1 - - - - - - -
Lymphadenopathy 10 102 3 99 891 7 29 99.2 - - - - - - -
W4SS with CRP (>=10 mg/L){ 10 651 8 643 347 2 1.2 99.4 - - - - - - -
W4SS with CXR (abnormal){ 10 722 9 713 277 1 1.3 99.7 - - - - - - -
W4SS then CRP (>=5 mg/L){ 10 204 6 198 792 4 2.8 99.5 - - - - - - -
Xpert alone*t 10 - - - - - - - 6 980 10 4 36.5 99.6 167
WHO screen then Xpert*t 10 - - - - - - - 5 980 10 5 31.7 99.5 200
5% prevalence

wW4ss 50 520 36 484 466 14 6.8 97 - - - - - - -
CRP (>=10 mg/L) 50 231 32 199 751 18 14 97.7 - - - - - - -
CRP (>=8 mg/L) 50 262 34 228 722 16 12.8 97.8 - - - - - - -
CRP (>=5 mg/L) 50 371 39 332 618 11 10.5 98.2 - - - - - - -
CXR (abnormal) 50 375 33 342 608 17 8.8 97.3 - - - - - - -
CXR (suggests tuberculosis) 50 210 30 180 770 20 14 97.4 - - - - - - -
Cough (any) 50 254 26 228 722 24 10.1 96.7 - - - - - - -
Cough (>=2 weeks) 50 141 17 124 826 33 12.1 96.2 - - - - - - -
Hb (<10 g/dL) 50 164 12 152 798 38 7.6 95.5 - - - - - - -
Hb (<8 g/dL) 50 41 3 38 912 47 7.3 95.1 - - - - - - -
BMI (<18.5 kg/m?) 50 86 10 76 874 40 11.6 95.6 - - - - - - -
Lymphadenopathy 50 110 15 95 855 35 13.6 96.1 - - - - - - -
W4SS with CRP (>=10 mg/L){ 50 656 39 617 333 11 5.9 96.8 - - - - - - -
W4SS with CXR (abnormal){ 50 730 46 684 266 4 6.2 98.3 - - - - - - -
W4SS then CRP (>=5 mg/L){ 50 219 29 190 760 21 13 97.2 - - - - - - -
Xpert alone*t 50 - - - - - - - 29 940 10 21 75 97.8 34
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Outcome of screening§

Outcome of screening then diagnosis§

Test Total TB | TP+FP% TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS
WHO screen then Xpert*t 50 - - - - - - - 23 940 10 27 70.8 97.2 43
10% prevalence
W4SSs 100 530 71 459 441 29 13.4 93.8 - - - - - - -
CRP (>=10 mgl/L) 100 254 65 189 711 35 25.6 95.3 - - - - - - -
CRP (>=8 mg/L) 100 283 67 216 684 33 23.7 95.4 - - - - - - -
CRP (>=5 mg/L) 100 393 78 315 585 22 19.8 96.4 - - - - - - -
CXR (abnormal) 100 390 66 324 576 34 16.9 94.4 - - - - - - -
CXR (suggests tuberculosis) 100 230 59 171 729 41 25.7 94.7 - - - - - - -
Cough (any) 100 267 51 216 684 49 19.1 93.3 - - - - - - -
Cough (>=2 weeks) 100 151 34 117 783 66 22.5 92.2 - - - - - - -
Hb (<10 g/dL) 100 169 25 144 756 75 14.8 91 - - - - - - -
Hb (<8 g/dL) 100 42 6 36 864 94 14.3 90.2 - - - - - - -
BMI (<18.5 kg/m?) 100 92 20 72 828 80 21.7 91.2 - - - - - - -
Lymphadenopathy 100 120 30 90 810 70 25 92 - - - - - - -
W4SS with CRP (>=10 mg/L){ 100 663 78 585 315 22 11.8 93.5 - - - - - - -
W4SS with CXR (abnormal){ 100 739 91 648 252 9 12.3 96.6 - - - - - - -
W4SS then CRP (>=5 mg/L){ 100 237 57 180 720 43 241 94.4 - - - - - - -
Xpert alone*t 100 - - - - - - - 57 891 9 43 86.4 95.4 18
WHO screen then Xpert*t 100 - - - - - - - 46 891 9 54 83.6 94.3 22
20% prevalence
W4ss 200 550 142 408 392 58 25.8 87.1 - - - - - - -
CRP (>=10 mg/L) 200 298 130 168 632 70 43.6 90 - - - - - - -
CRP (>=8 mg/L) 200 326 134 192 608 66 41.1 90.2 - - - - - - -
CRP (>=5 mg/L) 200 436 156 280 520 44 35.8 92.2 - - - - - - -
CXR (abnormal) 200 420 132 288 512 68 314 88.3 - - - - - - -
CXR (suggests tuberculosis) 200 270 118 152 648 82 43.7 88.8 - - - - - - -
Cough (any) 200 294 102 192 608 98 347 86.1 - - - - - - -
Cough (>=2 weeks) 200 172 68 104 696 132 395 84.1 - - - - - - -
Hb (<10 g/dL) 200 178 50 128 672 150 281 81.8 - - - - - - -
Hb (<8 g/dL) 200 44 12 32 768 188 27.3 80.3 - - - - - - -
BMI (<18.5 kg/m?) 200 104 40 64 736 160 38.5 82.1 - - - - - - -
Lymphadenopathy 200 140 60 80 720 140 42.9 83.7 - - - - - - -
W4SS with CRP (>=10 mg/L){ 200 676 156 520 280 44 231 86.4 - - - - - - -
W4SS with CXR (abnormal){ 200 758 182 576 224 18 24 92.6 - - - - - - -
W4SS then CRP (>=5 mg/L){ 200 274 114 160 640 86 41.6 88.2 - - - - - - -
Xpert alone*t 200 - - - - - - - 114 792 8 86 93.4 90.2 9
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Outcome of screening§

Outcome of screening then diagnosis§

Test

Total TB

TP+FP}

P

FP

TN

FN

PPV

NPV

P

TN

FP

FN

PPV

NPV

NNS

WHO screen then Xpert*t

200

92

792

8

108

92

88

1"

§Estimated using the pooled point estimates for sensitivity and specificity for different tests/strategies
FTP+FP is the number of participants who screen positive (i.e. the number who need subsequent Xpert testing)
q[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive

*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)

1The test accuracy of Xpert in those who were W4SS positive was: 12 studies; 2121 participants; sensitivity 0.64 (0.54-0.74), specificity 0.99 (0.98-0.99).

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, FN= false negative, FP = false positive, Hb = haemoglobin, NNS = number needed to screen,
NPV = negative predictive value, PPV = positive predictive value, TB = tuberculosis, TN = true negative, TP = true positive, W4SS = WHO four-symptom screen
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Table 8-10F - Yield of different screening and diagnostic algorithms at different prevalences when screening a population of 1000 pregnant participants#

Outcome of screening§ Outcome of screening then diagnosis§
Test Total TB| TP+FPf | TP FP TN [ FN | PPV | NPV TP ™ FP FN PPV | NPV | NNS
1% prevalence
W4ss 10 424 8 416 574 2 2 99.7 - - - - - - -
CRP (>=10 mg/L) 10 - - - - - - - - - - - - - -
CRP (>=8 mg/L) 10 - - - - - - - - - - - - - -
CRP (>=5mg/L) 10 - - - - - - - - - - - - - -
CXR (abnormal) 10 315 8 307 683 2 24 99.6 - - - - - - -
CXR (suggests tuberculosis) 10 77 8 69 921 2 9.8 99.7 - - - - - - -
Cough (any) 10 195 7 188 802 3 34 99.6 - - - - - - -
Cough (>=2 weeks) 10 84 5 79 911 5 5.6 99.4 - - - - - - -
Hb (<10 g/dL) 10 250 2 248 742 8 0.8 98.9 - - - - - - -
Hb (<8 g/dL) 10 20 0 20 970 10 0 99 - - - - - - -
BMI (<18.5 kg/m?) 10 40 0 40 950 10 0 99 - - - - - - -
Lymphadenopathy 10 - - - - - - - - - - - - - -
W4SS with CRP (>=10 mg/L){ 10 - - - - - - - - - - - - - -
WA4SS with CXR (abnormal){ 10 444 8 436 554 2 1.7 99.6 - - - - - - -
WA4SS then CRP (>=5 mg/L){ 10 - - - - - - - - - - - - - -
Xpert alone*t 10 - - - - - - - 5 980 10 5 34.9 99.5 200
WHO screen then Xpert*t 10 - - - - - - - 4 990 0 6 100 99.4 250
5% prevalence

wW4ss 50 441 42 399 551 8 9.5 98.6 - - - - - - -
CRP (>=10 mg/L) 50 - - - - - - - - - - - - - -
CRP (>=8 mg/L) 50 - - - - - - - - - - - - - -
CRP (>=5 mg/L) 50 - - - - - - - - - - - - - -
CXR (abnormal) 50 332 38 294 656 12 1.3 98.1 - - - - - - -
CXR (suggests tuberculosis) 50 104 38 66 884 12 36.1 98.6 - - - - - - -
Cough (any) 50 214 34 180 770 16 15.7 97.9 - - - - - - -
Cough (>=2 weeks) 50 100 24 76 874 26 23.6 97.1 - - - - - - -
Hb (<10 g/dL) 50 248 10 238 712 40 4 94.7 - - - - - - -
Hb (<8 g/dL) 50 19 0 19 931 50 0 94.9 - - - - - - -
BMI (<18.5 kg/m?) 50 38 0 38 912 50 0 94.8 - - - - - - -
Lymphadenopathy 50 - - - - - - - - - - - - - -
W4SS with CRP (>=10 mg/L){ 50 - - - - - - - - - - - - - -
W4SS with CXR (abnormal){ 50 456 38 418 532 12 8.2 97.7 - - - - - - -
W4SS then CRP (>=5 mg/L){ 50 - - - - - - - - - - - - - -
Xpert alone*t 50 - - - - - - - 26 940 10 24 73.6 97.6 38
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Outcome of screening§

Outcome of screening then diagnosis§

Test Total TB | TP+FP% TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS
WHO screen then Xpert*t 50 - - - - - - - 18 950 0 32 100 96.7 56
10% prevalence
W4SSs 100 462 84 378 522 16 18.2 97 - - - - - - -
CRP (>=10 mgl/L) 100 - - - - - - - - - - - - - -
CRP (>=8 mg/L) 100 - - - - - - - - - - - - - -
CRP (>=5 mg/L) 100 - - - - - - - - - - - - - -
CXR (abnormal) 100 354 75 279 621 25 21.2 96.1 - - - - - - -
CXR (suggests tuberculosis) 100 138 75 63 837 25 54.3 97.1 - - - - - - -
Cough (any) 100 238 67 171 729 33 28.2 95.7 - - - - - - -
Cough (>=2 weeks) 100 119 47 72 828 53 395 94 - - - - - - -
Hb (<10 g/dL) 100 245 20 225 675 80 8.2 89.4 - - - - - - -
Hb (<8 g/dL) 100 18 0 18 882 100 0 89.8 - - - - - - -
BMI (<18.5 kg/m?) 100 36 0 36 864 100 0 89.6 - - - - - - -
Lymphadenopathy 100 - - - - - - - - - - - - - -
W4SS with CRP (>=10 mg/L){ 100 - - - - - - - - - - - - - -
W4SS with CXR (abnormal){ 100 471 75 396 504 25 15.9 95.3 - - - - - - -
WA4SS then CRP (>=5 mg/L){ 100 - - - - - - - - - - - - - -
Xpert alone*t 100 - - - - - - - 53 891 9 47 85.5 95 19
WHO screen then Xpert*t 100 - - - - - - - 36 900 0 64 100 93.4 28
20% prevalence
W4ss 200 504 168 336 464 32 33.3 93.5 - - - - - - -
CRP (>=10 mg/L) 200 - - - - - - - - - - - - - -
CRP (>=8 mg/L) 200 - - - - - - - - - - - - - -
CRP (>=5 mg/L) 200 - - - - - - - - - - - - - -
CXR (abnormal) 200 398 150 248 552 50 37.7 917 - - - - - - -
CXR (suggests tuberculosis) 200 206 150 56 744 50 72.8 93.7 - - - - - - -
Cough (any) 200 286 134 152 648 66 46.9 90.8 - - - - - - -
Cough (>=2 weeks) 200 158 94 64 736 106 59.5 87.4 - - - - - - -
Hb (<10 g/dL) 200 240 40 200 600 160 16.7 78.9 - - - - - - -
Hb (<8 g/dL) 200 16 0 16 784 200 0 79.7 - - - - - - -
BMI (<18.5 kg/m?) 200 32 0 32 768 200 0 79.3 - - - - - - -
Lymphadenopathy 200 - - - - - - - - - - - - - -
W4SS with CRP (>=10 mg/L){ 200 - - - - - - - - - - - - - -
W4SS with CXR (abnormal){ 200 502 150 352 448 50 29.9 90 - - - - - - -
W4SS then CRP (>=5 mg/L){ 200 - - - - - - - - - - - - - -
Xpert alone*t 200 - - - - - - - 106 792 8 94 93 89.4 9
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Outcome of screening§

Outcome of screening then diagnosis§

Test

Total TB

TP+FP}

P

FP

TN

FN

PPV

NPV

P

TN

FP

FN

PPV

NPV

NNS

WHO screen then Xpert*t

200

72

800

0

128

100

86.2

14

#For lymphadenopathy and strategies containing CRP, there were insufficient data to perform meta-analysis

§Estimated using the pooled point estimates for sensitivity and specificity for different tests/strategies

FTP+FP is the number of participants who screen positive (i.e. the number who need subsequent Xpert testing)

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive

*Accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)

1The test accuracy of Xpert in those who were W4SS positive was: 5 studies; 137 participants; sensitivity 0.71 (0.33-0.93), specificity 1 (0-1).

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, FN= false negative, FP = false positive, Hb = haemoglobin, NNS = number needed to screen,
NPV = negative predictive value, PPV = positive predictive value, TB = tuberculosis, TN = true negative, TP = true positive, W4SS = WHO four-symptom screen
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Table 8-11: Sensitivity analyses using different reference standards

Table 8-11A - Sensitivity analyses using different reference standards in all participants

Sensitivity analyses 1*

Sensitivity analyses 2t

No 9f N Sensitivity Specificity No 9f N Sensitivity Specificity
studies (95% ClI) (95% ClI) studies (95% ClI) (95% CI)

wW4ss 21 15652 82 (71-89) 42 (29-57) 12 8612 88 (76-94) 43 (27-61)
CRP (>=10 mg/L) 5 3582 73 (49-88) 74 (62-83) 4 3110 77 (35-95) 72 (56-84)
CRP (>=8 mgl/L) 5 3582 77 (58-89) 70 (57-81) 4 3110 78 (31-96) 69 (52-82)
CRP (>=5 mgl/L) 5 3582 85 (72-93) 60 (48-71) 4 3110 88 (62-97) 59 (43-72)
CXR (abnormal) 8 6222 72 (65-78) 62 (52-71) 4 4190 73 (65-79) 65 (55-74)
CXR (suggests tuberculosis) 8 6177 63 (56-70) 78 (67-86) 3 3749 64 (52-74) 84 (68-93)
Cough (any) 21 15623 56 (48-63) 73 (65-79) 12 8586 63 (55-71) 73 (64-80)
Cough (>=2 weeks) 17 10919 38 (28-49) 84 (77-90) 9 4545 38 (21-58) 86 (76-92)
Hb (<10 g/dL) 9 5118 43 (33-53) 80 (73-85) 5 2098 57 (41-72) 76 (63-86)
Hb (<8 g/dL) 9 5118 12 (9-15) 96 (93-97) 5 2098 13 (9-19) 94 (89-97)
BMI (<18.5 kg/m?) 18 12704 29 (21-37) 89 (84-92) 12 8464 38 (26-51) 87 (80-91)
Lymphadenopathy 4 2394 30 (14-54) 91 (75-97) 3 1404 23 (13-38) 94 (84-98)
W4SS with CRP (>=10 mg/L){ 5 3582 87 (56-97) 31 (13-56) 4 3110 94 (46-100) 30 (10-63)
W4SS with CXR (abnormal){ 8 6213 95 (90-97) 21 (10-38) 4 4182 95 (87-99) 31 (15-55)
WA4SS then CRP (>=5 mg/L){ 5 3582 66 (25-92) 75 (54-88) 4 3110 72 (24-96) 75 (47-91)

*Diagnostic accuracy estimates using culture or Xpert of sputum and/or other specimens as a reference standard

tDiagnostic accuracy estimates using only Xpert of sputum and/or other specimens as a reference standard
{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening

test is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-11B - Sensitivity analyses using different reference standards in outpatients (on ART)

Sensitivity analyses 1*

Sensitivity analyses 2t

No of N Sensitivity Specificity No of N Sensitivity Specificity
studies (95% ClI) (95% ClI) studies (95% ClI) (95% CI)

wW4ss 9 4328 56 (32-77) 71 (51-85) 4 2664 51 (20-82) 80 (67-88)
CRP (>=10 mg/L) 1 381 12 (2-54) 90 (93-87) 1 378 10 (1-67) 90 (93-87)
CRP (>=8 mgl/L) 1 381 25 (6-62) 89 (92-85) 1 378 10 (1-67) 88 (91-85)
CRP (>=5 mgl/L) 1 381 38 (13-72) 80 (84-76) 1 378 25 (3-76) 79 (83-75)
CXR (abnormal) 4 2679 72 (61-82) 64 (50-75) 2 2063 69 (56-80) 72 (64-79)
CXR (suggests tuberculosis) 4 2590 69 (52-82) 78 (62-89) 1 1745 55 (40-69) 92 (93-91)
Cough (any) 9 4328 41 (22-62) 83 (73-90) 4 2664 43 (29-58) 88 (85-91)
Cough (>=2 weeks) 6 1746 18 (4-51) 93 (79-98) 2 536 13 (0-86) 97 (94-98)
Hb (<10 g/dL) 4 844 49 (30-68) 83 (71-90) 2 629 18 (0-93) 77 (61-88)
Hb (<8 g/dL) 4 844 13 (4-31) 94 (91-96) 2 629 10 (2-37) 93 (90-94)
BMI (<18.5 kg/m?) 7 4054 17 (8-32) 93 (88-96) 4 2646 14 (1-76) 89 (82-94)
Lymphadenopathy 1 338 17 (7-38) 93 (95-90) 1 338 11 (3-34) 92 (95-89)
W4SS with CRP (>=10 mg/L){ 1 381 12 (2-54) 79 (83-75) 1 378 10 (1-67) 79 (83-75)
W4SS with CXR (abnormal){ 4 2679 90 (73-97) 33 (17-55) 2 2063 87 (62-97) 51 (33-70)
WA4SS then CRP (>=5 mg/L){ 1 381 6 (0-50) 96 (97-93) 1 378 10 (1-67) 96 (97-93)

*Diagnostic accuracy estimates using culture or Xpert of sputum and/or other specimens as a reference standard

tDiagnostic accuracy estimates using only Xpert of sputum and/or other specimens as a reference standard
{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening

test is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-11C - Sensitivity analyses using different reference standards in outpatients (not on ART)

Sensitivity analyses 1*

Sensitivity analyses 2t

No 9f N Sensitivity Specificity No 9f N Sensitivity Specificity

studies (95% ClI) (95% ClI) studies (95% ClI) (95% CI)

wW4ss 20 11196 85 (76-91) 37 (26-51) 11 5820 90 (80-96) 37 (24-53)
CRP (>=10 mg/L) 5 3198 82 (77-86) 67 (61-73) 4 2729 89 (85-92) 63 (56-70)
CRP (>=8 mgl/L) 5 3198 84 (81-87) 64 (57-70) 4 2729 90 (86-94) 59 (51-67)
CRP (>=5 mgl/L) 5 3198 89 (85-91) 54 (46-61) 4 2729 93 (89-96) 50 (42-59)
CXR (abnormal) 8 3543 72 (65-78) 62 (52-72) 4 2127 73 (64-80) 66 (54-76)
CXR (suggests tuberculosis) 8 3587 62 (55-69) 79 (67-87) 3 2004 64 (52-74) 85 (67-94)
Cough (any) 20 11167 58 (51-65) 70 (63-76) 11 5794 66 (59-73) 69 (62-75)
Cough (>=2 weeks) 16 9045 43 (34-52) 82 (75-87) 8 3881 48 (33-63) 81 (72-87)
Hb (<10 g/dL) 9 4271 44 (33-56) 79 (71-85) 5 1466 62 (43-78) 74 (58-85)
Hb (<8 g/dL) 9 4271 11 (8-15) 96 (93-98) 5 1466 14 (10-20) 94 (87-97)
BMI (<18.5 kg/m?) 17 8522 31 (23-40) 87 (82-92) 11 5690 42 (29-56) 85 (76-91)
Lymphadenopathy 4 2056 30 (13-54) 91 (76-97) 3 1066 25 (13-43) 95 (86-98)

W4SS with CRP (>=10 mg/L){ 5 3198 94 (86-98) 20 (12-33) 4 2729 98 (93-100) 17 (9-30)
W4SS with CXR (abnormal){ 8 3534 95 (92-98) 18 (9-34) 4 2119 96 (91-99) 29 (15-50)
WA4SS then CRP (>=5 mg/L){ 5 3198 83 (74-89) 64 (57-70) 4 2729 89 (84-92) 60 (52-68)

*Diagnostic accuracy estimates using culture or Xpert of sputum and/or other specimens as a reference standard

tDiagnostic accuracy estimates using only Xpert of sputum and/or other specimens as a reference standard
{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening

test is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-11D - Sensitivity analyses using different reference standards in participants with CD4 cell count <=200 cells/uL

Sensitivity analyses 1*

Sensitivity analyses 2t

No 9f N Sensitivity Specificity No 9f N Sensitivity Specificity

studies (95% Cl) (95% ClI) studies (95% Cl) (95% ClI)

wW4ss 21 5636 88 (78-93) 33 (20-49) 12 3129 90 (78-96) 35 (19-55)
CRP (>=10 mg/L) 5 1597 88 (82-92) 63 (50-73) 4 1460 91 (84-95) 62 (48-75)
CRP (>=8 mg/L) 5 1597 90 (86-93) 59 (46-71) 4 1460 93 (86-97) 58 (43-72)
CRP (>=5mg/L) 5 1597 92 (88-95) 48 (34-63) 4 1460 94 (88-97) 49 (33-65)
CXR (abnormal) 8 2210 74 (65-80) 58 (49-67) 4 1311 72 (62-80) 61 (49-71)
CXR (suggests tuberculosis) 8 2143 64 (56-71) 74 (64-82) 3 1157 61 (49-71) 81 (63-91)
Cough (any) 21 5626 59 (52-66) 67 (59-74) 12 3119 65 (56-73) 67 (58-75)
Cough (>=2 weeks) 17 4203 42 (33-50) 78 (70-85) 9 1889 38 (22-58) 80 (69-88)
Hb (<10 g/dL) 9 1971 53 (42-63) 74 (65-81) 5 916 65 (51-77) 71 (53-84)
Hb (<8 g/dL) 9 1971 14 (10-19) 95 (91-97) 5 916 15 (9-25) 93 (86-96)
BMI (<18.5 kg/m?) 18 4969 34 (26-43) 84 (77-88) 12 3098 42 (31-54) 80 (72-86)
Lymphadenopathy 4 1003 31 (13-56) 89 (73-96) 3 627 21 (11-35) 94 (87-97)

W4SS with CRP (>=10 mg/L){ 5 1597 92 (52-99) 23 (10-47) 4 1460 97 (76-100) 24 (8-55)
W4SS with CXR (abnormal){ 8 2208 97 (92-99) 14 (7-25) 4 1309 97 (88-99) 21 (11-36)
W4SS then CRP (>=5 mg/L){ 5 1597 80 (51-94) 66 (37-86) 4 1460 95 (66-99) 69 (35-90)

*Diagnostic accuracy estimates using culture or Xpert of sputum and/or other specimens as a reference standard

tDiagnostic accuracy estimates using only Xpert of sputum and/or other specimens as a reference standard
{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening

test is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen

188




Table 8-11E - Sensitivity analyses using different reference standards in participants with CD4 cell count >200 cells/pL

Sensitivity analyses 1* Sensitivity analyses 2t
No 9f N Sensitivity Specificity No 9f N Sensitivity Specificity
studies (95% ClI) (95% ClI) studies (95% ClI) (95% CI)

wW4ss 21 9633 71 (58-81) 50 (36-63) 12 5163 81 (63-91) 50 (33-67)
CRP (>=10 mg/L) 5 1829 61 (45-75) 79 (68-87) 4 1515 72 (45-89) 78 (62-88)
CRP (>=8 mg/L)## 5 1829 64 (47-78) 76 (64-85) 4 1515 78 (67-87) 74 (58-86)
CRP (>=5 mgl/L) 5 1829 75 (59-87) 65 (54-75) 4 1515 86 (58-97) 64 (50-77)
CXR (abnormal) 8 3909 66 (59-73) 65 (53-74) 4 2784 73 (60-83) 67 (56-76)
CXR (suggests tuberculosis) 8 3932 60 (51-69) 81 (70-89) 3 2498 66 (46-82) 86 (69-94)
Cough (any) 21 9616 50 (41-60) 76 (68-82) 12 5149 61 (48-71) 76 (67-83)
Cough (>=2 weeks) 17 6416 34 (22-48) 87 (80-91) 9 2415 38 (16-65) 88 (80-93)
Hb (<10 g/dL) 9 3048 27 (18-38) 84 (79-89) 5 1112 38 (20-60) 82 (73-88)
Hb (<8 g/dL) 9 3048 6 (2-13) 97 (94-98) 5 1112 7 (2-25) 95 (91-97)
BMI (<18.5 kg/m?) 18 7396 20 (13-30) 92 (88-95) 12 5063 32 (20-47) 91 (85-94)
Lymphadenopathy 4 1374 31 (12-59) 91 (73-97) 3 770 27 (12-49) 94 (77-99)
W4SS with CRP (>=10 mg/L){ 5 1829 76 (47-92) 35 (15-61) 4 1515 93 (4-100) 34 (12-66)
W4SS with CXR (abnormal){ 8 3903 91 (82-96) 28 (16-44) 4 2778 93 (75-98) 35 (15-63)
WA4SS then CRP (>=5 mg/L){ 5 1829 53 (12-90) 80 (62-91) 4 1515 56 (5-97) 79 (565-92)

*Diagnostic accuracy estimates using culture or Xpert of sputum and/or other specimens as a reference standard
tDiagnostic accuracy estimates using only Xpert of sputum and/or other specimens as a reference standard
##For sensitivity analyses 2, the bivariate model did not converge; results from model assuming no correlation between sensitivity and specificity

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening
test is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-11F - Sensitivity analyses using different reference standards in pregnant participants§

Sensitivity analyses 1*

Sensitivity analyses 2t

No of N Sensitivity Specificity No of N Sensitivity Specificity
studies (95% ClI) (95% ClI) studies (95% ClI) (95% CI)

wW4ss 8 1935 77 (25-97) 58 (39-75) 5 489 71 (10-98) 55 (31-77)
CRP (>=10 mg/L)# - - - - - - - -
CRP (>=8 mg/L)# - - - - - - - -
CRP (>=5 mg/L)# - - - - - - - -
CXR (abnormal) 1 8 75 (11-99) 69 (91-33) 1 8 75 (11-99) 69 (91-33)
CXR (suggests tuberculosis) 1 7 75 (11-99) 93 (100-42) 1 7 75 (11-99) 93 (100-42)
Cough (any) 8 1933 62 (24-89) 81 (70-88) 5 487 53 (12-90) 81 (70-89)
Cough (>=2 weeks) 8 1933 43 (17-74) 92 (86-95) 5 488 17 (3-61) 92 (87-96)
Hb (<10 g/dL)# 5 1350 20 (10-36) 75 (61-85) - - - -
Hb (<8 g/dL)# 5 1350 0 (0-100) 98 (97-99) - - - -
BMI (<18.5 kg/m?)## 7 472 0 (0-98) 96 (94-98) 5 431 0 (0-100) 97 (94-98)
Lymphadenopathy# - - - - - - - -
W4SS with CRP (>=10 mg/L){# - - - - - - - -
W4SS with CXR (abnormal){ 1 8 75 (11-99) 56 (84-24) 1 8 75 (11-99) 56 (84-24)

W4SS then CRP (>=5 mg/L)f#

§For some analyses, all studies had 0% or 100% sensitivity/specificity; therefore, models may have given unreliable estimates such as 95% Cls that range from

0 to 100

*Diagnostic accuracy estimates using culture or Xpert of sputum and/or other specimens as a reference standard

tDiagnostic accuracy estimates using only Xpert of sputum and/or other specimens as a reference standard
#Insufficient data to perform meta-analysis

##Bivariate model did not converge; results from model assuming no correlation between sensitivity and specificity

q[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening

test is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-12: Sensitivity analyses comparing W4SS followed by Xpert with CRP (=10mg) followed by Xpert in all participants and by

subgroups¥t
Number of Xpert tests per 1000 PLHIV*
CRP (>=10 mg/L) then Xpert WA4SS then Xpert 1% prevalence | 5% prevalence |10% prevalence|20% prevalence
No of Sensitivity | Specificity No of Sensitivity | Specificity

Subgroup studies N (95% Cl) (95% Cl) studies N (95% Cl) (95% Cl) W4SS | CRP | W4SS | CRP | W4SS | CRP | W4SS | CRP
All participants 4 3099 54 (45-63) | 100 (99-100) 4 3099 50 (28-71) | 100 (98-100) | 612 265 620 286 631 311 652 362
Outpatients (Not on ART) 4 2718 56 (51-60) | 99 (99-100) 4 2718 59 (51-66) | 99 (99-100) 732 345 738 365 747 390 764 440
Outpatients (On ART) 1 378 8 (1-62) 100 (100-98) 1 378 8 (1-62) 100 (100-98) | 120 101 118 105 116 110 112 120
CD4 >200 cells/pL 4 1508 43 (34-53) 100 (7-100) 4 1508 44 (32-58) | 100 (99-100) | 572 214 578 230 585 251 600 292
CD4 <=200 cells/puL 4 1456 61 (51-71) | 99 (98-100) 4 1456 63 (53-71) 99 (98-99) 682 365 689 386 698 411 716 462
Pregnant participants# - - - - - - - - - - - - - - - -

tUsing culture as a reference standard; accuracy measures for entire algorithm using total Xpert (sputum and/or non-sputum Xpert result)
*Calculated using direct comparison estimates
#Insufficient data to perform meta-analysis

Definition of abbreviations: ART = antiretroviral therapy, CRP = C-reactive protein, PLHIV = people living with HIV, W4SS = WHO four-symptom screen
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Figure 8-1: Risk of bias and applicability results on the QUADAS-2 criteria tool

Figure 8-1A - Risk of bias and applicability results on the QUADAS-2 criteria tool by study

tIn general, domains were assessed for all participants. Green = low risk of bias, red = high risk of bias
J[For the domain D4 (flow and timing), the risk of bias was judged high for chest X-ray as the index test (>20% missing data).
§For the domain D4 (flow and timing), the risk of bias was judged high for haemoglobin as the index test (>20% missing data).
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Figure 8-1B - Clustered bar graphs of risk of bias and applicability results on the QUADAS-2 criteria tool
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Figure 8-2: Plots of sensitivity and specificity for each screening test for the detection of tuberculosis

Figure 8-2A - Plots of sensitivity and specificity for each screening test for the detection of tuberculosis in all participantst

tDashed lines indicate WHO’s minimum requirements for a tuberculosis screening test (90% sensitivity and 70% specificity)
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Figure 8-2B - Plots of sensitivity and specificity for each screening test for the detection of tuberculosis in outpatients (on ART)t

tDashed lines indicate WHO’s minimum requirements for a tuberculosis screening test (90% sensitivity and 70% specificity)
Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom
screen
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Figure 8-2C - Plots of sensitivity and specificity for each screening test for the detection of tuberculosis in outpatients (not on ART)t

tDashed lines indicate WHO’s minimum requirements for a tuberculosis screening test (90% sensitivity and 70% specificity)
Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom
screen

196



Figure 8-2D - Plots of sensitivity and specificity for each screening test for the detection of tuberculosis in participants with CD4 cell count <=200 cells/pLt

tDashed lines indicate WHO’s minimum requirements for a tuberculosis screening test (90% sensitivity and 70% specificity)
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Figure 8-2E - Plots of sensitivity and specificity for each screening test for the detection of tuberculosis in participants with CD4 cell count >200 cells/uLt

tDashed lines indicate WHO’s minimum requirements for a tuberculosis screening test (90% sensitivity and 70% specificity)
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Figure 8-2F - Plots of sensitivity and specificity for each screening test for the detection of tuberculosis in in pregnant participantst*

tDashed lines indicate WHO’s minimum requirements for a tuberculosis screening test (90% sensitivity and 70% specificity)
*Insufficient data to perform meta-analysis
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Figure 8-3: Forest plots of sensitivity and specificity estimates in all participants and subgroups

Figure 8-3A - Forest plots of sensitivity and specificity estimates in all participants
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All - Forest plot for
Top: CXR (abnormal) and Bottom: CXR (suggests tuberculosis)
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All - Forest plot for
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All - Forest plot for

Top: Hb (<10 g/dL) and Bottom: Hb (<8 g/dL)
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All - Forest plot for
BMI (<18.5 kg/m?)
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All - Forest plot for
Lymphadenopathy
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Bjerrum = 0.35[0.22, 0.51]
Swindells = 0641051, 078
Thit |_-—| 0.20 [0.06, 0.51]
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All - Forest plot for

Top: W4SS with CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)

Sensitivity

Gersh I—I—l 0.20 [0.04, 0.62]
Kerkhoff H 0.98 [0.92, 0.99]
Reeve H 0.84 [0.75, 0.90]
Shapiro H 093 [0 81, 098]
Yoon H 097 [093, 098]
0.04 0.75
Sensitivity
Gersh I-l—| 0.08 [0.01, 0.48]
Kerkhoff H 0.86[0.77,0.92]
Reeve I--I 0.70 [0.59, 0.78]
Shapiro |—-| 086 [0 72 093]
Yoon H 089 [0 85, 093]
0.01 0.70

Specificity

Gersh H 0.79[0.75, 0.83]
Kerkhoff H 0.11[0.08, 0.14]
Reeve H 0.36 [0.32, 0.40]
Shapiro H 0.31[0 27, 0.36]
Yoon H 0.13[0.11,015]
0.08 0.64
Specificity
Gersh H 0.96 [0.93, 0.97]
Kerkhoff |-I-| 0.50 [0.46, 0.55]
Reeve H 0.69 [0.66, 0.73]
Shapiro I--l 069 [0 64, 073]
Yoon H 065 [0 63, 068]
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All - Forest plot for
WA4SS with CXR (abnormal)

Sensitivity

Affolabi

Ahmad

Hanifa

Kerkhoff

Kufa

Modi

Swindells

Thit

Specificity

|_-_| 0.85 [0.76, 0.91] Affolabi

0.91 [0.80, 0.986] Ahmad
0.98 [0.91, 1.00] Hanifa

0.98 [0.92, 0.99] Kerkhoff

0.89[0.78, 0.94] Modi

|
=l
—=| 0981083, 1.00] Kufa
]
—=

0.93 [0.82, 0.97] Swindells

0.95[0.66, 0.99] Thit

|

066 083 1.00
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All - Forest plot for

Top: W4SS then Xpert and Bottom: Xpert alone

Sensitivity

Affolabi I-I-I 0.65[0.54, 0.74]
Al Darraji |—I—| 0.41 [0.21. 0.64]
Balcha H 0.65 [0.56, 0.73]
Bjerrum |—-| 0.81 [0.60, 0.02]
Gersh I'.—l 0.08 [0.01, 0.48]
Kemper |—-—| 067 [039. 086]
Kerkhoff |'I'| 0.70[0.59, 0.78]
LaCourse 0.31 [0.10, 0.64]
Modi 0.56 [0.45, 0.67]
Reeve H 0.51 [0.41, 0.60]
Thit |—I—| 0.40[0.17, 0.69]
Yoon H 0.56 [0.50, 0.63]

Frrr

0.01 0.69

Sensitivity
Affolabi H 0.92 [0.84, 0.96]
Al Darraji 0.53 [0.31. 0.74]
Balcha 0.67 [0.59, 0.75]
Bjerrum 0.86 [0.65, 0.05]
Gersh 0.20 [0.04, 0.62]
Kemper |—-—| 0.75[047.091]
Kerkhoff H 0.72[0.62. 0.80]
LaCourse I—I—| 0.43 [0.16, 0.75]
Modi I-I-l 0.73 [0.62, 0.82]
Reeve |--| 0.58 [0.48, 0.68]
Thit |—I—| 0.50[0.24, 0.76]
Yoon H 0.57 [0.51, 0.64]

Fr 1T

Specificity
Affolabi H 0.99 [0.99, 1.00]
Al Darraji H 1.00 [0.86. 1.00]
Balcha 0.98 [0.97. 0.99]
Bjerrum 0.07 [0.03, 0.09]
Gersh H 1.00 [0.99, 1.00]
Kemper 0.98[092 099
Kerkhoff 099 [0.97. 0.99]
LaCourse 1.00 [0.98, 1.00]
Modi 0.99 [0.98, 1.00]
Reeve 1.00 [0.99, 1.00]
Thit I—I—l 096 [0.94, 0.97]
Yoon H 0.00 [0.09, 1.00]

Fr i1

0.92 0.98

Specificity
Affolabi H 0.99 [0.98, 0.99]
Al Darraji H 1.00 [0.86. 1.00]
Balcha 0.98 [0.97. 0.99]
Bjerrum 0.07 [0.03, 0.09]
Gersh I—ll 0.99 [0.98, 1.00]
Kemper 0.98[092 099
Kerkhoff 099 [0.97. 0.99]
LaCourse 1.00 [0.98, 1.00]
Modi 0.99 [0.98, 0.99]
Reeve 0.99 [0.98, 1.00]
Thit |—I—| 0.96 [0.93, 0.97]
Yoon H 0.00 [0.09, 1.00]

Fr 11
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Figure 8-3B - Forest plots of sensitivity and specificity estimates in outpatients (on ART)
Outpatients (On ART) - Forest plot for
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Outpatients (On ART) - Forest plot for
Top: CRP (>=10 mg/L) and Bottom: CRP (>=5 mg/L)

Sensitivity

Gersh |—-—| 0.20 [0.04, 0.62]

0.04 0.48

Sensitivity

Gersh |—-—| 0.40[0.12, 0.77]

0.12 0.61

Specificity

Gersh |—-—| 0.00 [0.87, 0.93]

0.87 0.92

Specificity

Gersh |—-—| 0.80 [0.75, 0.84]

0.75 0.82
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Outpatients (On ART) -
Top: CXR (abnormal) and Bottom: CXR (suggests tuberculosis)

Sensitivity
Affolabi |—I—| 0.63 [0.46, 0.78]
Ahmad |—I—| 0.78 [0.58, 0.90]
Kufa |—l-| 0.84 [0.63, 0.99]
Thit |—I—| 0.62 [0.31. 0.86]
0.31 0.82
Sensitivity
Affolabi I—I—l 0.53 [0.36. 0.70]
Ahmad I—I—l 0.78 [0.58, 0.90]
Kufa |—I—| 0.88 [0.53, 0.98]
Nguyen |—-—| 0.73[048 089]
0.36 0.82

Forest plot for

Specificity

Affolabi H 0.76[0.74, 0.78]
Anhmad |-I-| 0.41 [0.36, 0.46]
Kufa I—I—l 0.67 [0.60, 0.73]
Thit I-I-l 0.65[0.60, 0.70]
0.36 0.68
Specificity
Affolabi H 0.92[0.90, 0.93]
Anhmad I-I-l 0.58 [0.53, 0.63]
Kufa |—I-| 0.85[0.79, 0.89]
Nguyen I—-—l 067 [060. 072
0.53 0.83
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Sensitivity

Outpatients (On ART) - Forest plot for
Top: Cough (any) and Bottom: Cough (>=2 weeks)

Affolabi I—I—I 0.40 [0.25, 0.58]
Ahmad I—I—I 0.50 [0.31, 0.69]
Gersh |I—| 0.08 [0.01, 0.48]
Hoffmann I—I—l 0.50 [0.05, 0.95]
Kufa H 0.94 [0.63, 0.99]
LaCourse I—I—l 0.25[0.05 0.70]
Nguyen |—-—| 0.40 [0.20, 0.64]
Rangaka H 012 [0 05 025)
Thit I—I—l 0.56 [0.27, 0.81]
0.01 0.75
Sensitivity
Gersh I-l—l 0.08 [0.01, 0.48]
Kufa |—I-| 0.88 [0.53, 0.98]
LaCourse |—-—| 0.25 [0.05, 0.70]
Nguyen I—-—| 0.40 [0 20, 0.64]
Rangaka H 0.05[001, 016]
0.01 0.74

Specificity
Affolabi " 0.85[0.83, 0.87]
Ahmad H 0.70[0.65, 0.74]
Gersh H 0.90 [0.87, 0.93]
Hoffmann I—I—l 0.50[0.13, 0.87]
Kufa H 0.53 [0.46. 0.60]
LaCourse H 0.88 [0.82, 0.92]
Nguyen H 0.74 [0.68, 0.79]
Rangaka “ 0.96[094 097]
Thit H 0.88 [0.85, 0.91]
0.13 0.76
Specificity
Gersh H 0.98 [0.96, 0.99]
Kufa |—I—| 0.63 [0.56, 0.70]
LaCourse H 0.95[0.91, 0.98]
Nguyen I—-l 0.74 [0 68, 0.79]
Rangaka H 098 [0 97, 099]
0.56 0.88

213



Outpatients (On ART) - Forest plot for
Top: Hb (<10 g/dL) and Bottom: Hb (<8 g/dL)

Sensitivity Specificity

Gersh 060 [023, 088] Gersh I-I-I 086 [0.82 089]

Kufa I—I—l 0.50[0.22, 0.78] Kufa I—I-I 0.89[0.83, 0.92]

Thit 0.57 [0.25, 0.84] Thit I—I—I 0.65[0.59, 0.71]

LI I B Frrr
0.22 0.72 0.59 0.84
Sensitivity Specificity

Gersh I-—' 0.08 [0.01, 0.48] Gersh |—-—| 0.93 [0.90, 0.96]
Kufa I-—' 0.12[0.02, 0.47] Kufa |—-—| 0.97 [0.94, 0.99]
Thit |—-—| 0.43 [0.16, 0.75] Thit |—-—| 0.92[0.88, 0.94]
| I B I | T 1
0.01 0.56 0.88 0.96
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Qutpatients (On ART) - Forest plot for
BMI (<18.5 kg/m?)

Sensitivity

Affolabi

Ahmad

Gersh

Kufa

LaCourse

Rangaka

Thit

Specificity

|—-—| 0.30[0.17, 0.48] Affolabi
|_-_| 0.15 [0.05, 0.36] Ahmad
F—=——] o0.20(0.04 062 Gersh
—s——- 0250007 059] Kufa
] 0.10 [0.01, 0.54] LaCourse
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Qutpatients (On ART) - Forest plot for

Lymphadenopathy
Sensitivity Specificity
Thit p—=——{ 02210.06, 055 Thit p——=—— 0931089 0.95
006 031 055 089 092 0.95
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Outpatients (On ART) - Forest plot for
Top: W4SS with CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)

Sensitivity

Gersh |—-—| 0.20 [0.04, 0.62]

0.04 0.48

Sensitivity

Gersh I—-—l 0.08 [0.01, 0.48]

0.01 0.36

Specificity

Gersh |—-—| 0.80 [0.75, 0.83]

0.75 0.81

Specificity

Gersh |—-—| 0.96 [0.93, 0.97]

093 096
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Qutpatients (On ART) - Forest plot for
WA4SS with CXR (abnormal)

Sensitivity

Affolabi

Ahmad

Kufa

Thit

Specificity

—— 0.70 [0.52, 0.83] Affolabi

F—=— o0.s71068, 0.95] Ahmad

|—-| 0.94 [0.63, 0.99] Kufa

|—-| 0.94 [0.63, 0.99] Thit

052 076 099
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Sensitivity

Outpatients (On ART) -

Forest plot for

Top: W4SS then Xpert and Bottom: Xpert alone

Affolabi I—I—| 0.43 [0.27, 0.61]
Gersh I-I—| 0.08 [0.01, 0.48]
LaCourse I—I—| 0.30 [0.07. 0.70]
Thit |—I—| 0.44 [0.19. 0.73]
0.01 0.55
Sensitivity
Affolabi I—I-l 0.87 [0.70. 0.95]
Gersh I—-—' 0.20 [0.04, 0.62]
LaCourse |—I—| 0.25 [0.05, 0.70]
Thit |—I—| 0.56 [0.27. 0.81]

Fr T

0.04

0.72

Specificity

Affolabi H 1.00 [0.99, 1.00]
Gersh H 1.00 [0.99, 1.00]
LaCourse H 1.00 [0.87. 1.00]
Thit |—I—| 0.96 [0.93. 0.98]
093 097
Specificity
Affolabi H 0.99 [0.99, 1.00]
Gersh I—Il 0.99 [0.98, 1.00]
LaCourse |—I-| 0.89 [0.96, 1.00]
Thit 0.86 [0.93. 0.97]
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Figure 8-3C - Forest plots of sensitivity and specificity estimates in outpatients (not on ART)

Outpatients (Not on ART) - Forest plot for

Specificity

WA4SS

Sensitivity
Affolabi = 0.82 [0.70, 0.90] Affolabi
Ahmad = o0.9470.80, 0.98] Ahmad
Balcha A 0937087 098] Balcha
Bjerrum 0.95[0.82, 0.99] Bjerrum
Hanifa 0.95 [0.87, 0.98] Hanifa
Hoffmann F=— 0.29 [0.16, 0.45] Hoffmann
Kemper 0.92 [0.65, 0.99] Kemper
Kerkhoff 0.93 [0.86, 0.97] Kerkhoff
Kufa - o0.970.77, 1.00] Kufa
LaCourse —=— 0671021094 LaCourse
Mbu I 092087, 0.96] Mbu
Modi |—-| 0.72 [0.61, 0.81] Modi
Nguyen —=— 0.46 [0.23, 0.71] Nguyen
Rangaka = 0.48 [0.37, 0.58] Rangaka
Reeve = 0.74 [0.64, 0.82] Reeve
Shapiro 0.90[0.78, 0.96] Shapiro
Swindells 0.88 [0.76, 0.94] Swindells
Thit 0.75 [0.20, 0.97] Thit
Yoon 0.96 [0.93, 0.98] Yoon

0.16 058 1.00
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Sensitivity

Outpatients (Not on ART) - Forest plot for
Top: CRP (>=10 mg/L) and Bottom: CRP (>=5 mg/L)

Kerkhoff |—I—| 0.86 [0.77. 0.92]
Reeve |—-—| 0.78 [0.68, 0.85]
Shapiro |—-—| 0.79 [0.64, 0.88]
Yoon I—I—l 0.84 [0.79. 0.89]
0.64 0.85
Sensitivity
Kerkhoff I—I—| 0.91 [0.83, 0.95]
Reeve |—-—| 0.85[0.77, 0.91]
Shapiro |—-—| 0.90 [0.78, 0.96]
Yoon I—I—l 0.80 [0.86. 0.93]
0.77  0.91

Specificity

Kerkhoff I—I—l 0.57 [0.53, 0.62]
Reeve I--l 0.64 [0.61, 0.68]
Shapiro I—-—l 0.72 [0.67, 0.76]
Yoon I--l 074[072 077]
0.53 0.71
Specificity
Kerkhoff |—I—| 0.44 [0.39, 0.49]
Reeve I--l 0.49 [0.46, 0.53]
Shapiro I—-—l 0.58 [0.53, 0.63]
Yoon I--l 063[061. 066]

221

Frrr

0.39

0.59



Sensitivity

Top: CXR (abnormal) and Bottom: CXR (suggests tuberculosis)

Outpatients (Not on ART) - Forest plot for

Affolabi |—I—| 062 [0.49 0.73]
Ahmad |—I—| 069 [0.51, 0.82]
Hanifa |-I-| 0.84[0.73 091]
Kerkhoff I-I-l 0.73[0.63, 0.81]
Kufa I—I—l 0.80[0.55, 0.93]
Modi |—I-| 0.75[0.63, 0.84]
Swindells I—I—l 0.54 [0.41, 0.66]
Thit |—I—| 0.75[0.20, 0.97]

LI I B

0.20 0.78

Sensitivity
Affolabi I—I—l 0.53 [0.40, 0.65]
Ahmad |—I—| 0.50 [0.34, 0.66]
Hanifa |—I—| 0.76 [0.64, 0.85]
Kerkhoff I—I—l 0.71 [0.60, 0.79]
Kufa I—I—l 0.73[0.48, 0.89]
Modi I—I—l 0.58 [0.46, 0.69]
Nguyen |—-—| 0.69 [0.42, 0.87]
Swindells 0.48 [0.35, 0.61]

=

0.34

0.75

Specificity

Affolabi H 0.81[0.78, 0.83]
Ahmad I—I—l 0.42 [0.35 0.51]
Hanifa |-I-| 0.41 [0.35, 0.46]
Kerkhoff I-I-l 0.55 [0.50, 0.60]
Kufa I—I—l 0.63 [0.56, 0.70]
Modi H 0.60 [0.56, 0.64]
Swindells H 0.80[0.77,0.83]
Thit |—I—| 0.63[0.54, 0.71]

LI B B I

0.35 0.71

Specificity
Affolabi H 093 [0.91, 0.85]
Ahmad |—I—| 0.53 [0.45 061]
Hanifa |-I-| 0.55 [0.49, 0.60]
Kerkhoff I-I-l 0.65[0.60, 0.70]
Kufa I-I-l 0.85[0.79, 0.89]
Modi H 0.88 [0.84, 0.90]
Nguyen I--l 0.77 [0.70, 0.83]
Swindells H 0.87 [0.84, 0.89]
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Outpatients (Not on ART) - Forest plot for
Top: Cough (any) and Bottom: Cough (>=2 weeks)

Sensitivity
Affolabi 0.69 [0.56, 0.80]
Ahmad 0.76 [0.59, 0.87]
Balcha 0.60 [0.52, 0.69]
Bjerrum E 0.70 [0.54, 0.83]
Hanifa 0.67 [0.55. 0.77]
Hoffmann 0.23[0.12, 0.39]
Kemper | ﬁg 058 (032 081]
Kerkhoff 0.66 [0.56, 0.75]
Kufa 0.75[0.51, 0.90]
LaCourse 0.33[0.06. 0.79]
Mbu 0.67 [0.59, 0.75]
Modi 0.44 [0.33, 0.56]
Nguyen »\%_{ 0.31 [0.13, 0.58]
Rangaka 0.31[0.22, 0.41]
Reeve 0.51 [0.41, 0.60]
Shapiro 076 [0 61, 087]
Swindells 0.75 [0.62, 0.84]
Thit 0.75[0.20, 0.97]
Yoon 0.74 [0.68, 0.79]

Frrr

0.06 0.75

Sensitivity
Bjerrum 0.62 [0.46, 0.76]
Hanifa 0.52 [0.40, 0.63]
Hoffmann |-.—| 0.20[0.10. 0.36]
Kemper |—I—| 0.58 [0.32, 0.81]
Kerkhoff I-I-I 0.25[0.17, 0.35]
Kufa |—I—| 0.69 [0.44, 0.86]
LaCourse |—I—| 0.33 [0.06. 0.79]
Mbu 0.37 [0.30, 0.46]
Modi 0.42 [0.31, 0.54]
Nguyen 0.31 [0.13. 0.58]
Rangaka 0.20 [0.20, 0.39]
Reeve 0.43 [0.33, 0.53]
Shapiro 0.67 [0.52, 0.79]
Swindells 0.61 [0.48, 0.72]
Yoon 0.55 [0.49, 0.61]

T

0.06 0.66

Specificity
Affolabi H 0.73 [0.70. 0.76]
Ahmad 0.57 [0.50, 0.65]
Balcha 0.63 [0.60, 0.67]
Bjerrum 0.59 [0.54, 0.64]
Hanifa 0.59 [0.53. 0.64]
Hoffmann H 0.93 [0.91, 0.94]
Kemper |—-—| 077 [0 67.084]
Kerkhoff 0.54 [0.49, 0.58]
Kufa IHI' 0.54 [0.47, 0.61]
LaCourse I—I-l 0.82[0.75 0.88]
Mbu H 0.56 [0.52, 0.59]
Modi 077 [0.74,081]
Nguyen |—H 0.75 [0.67, 0.81]
Rangaka H 0.89 [0.86, 0.91]
Reeve H 0.72 [0.69, 0.75]
Shapiro 058 [0 53, 063]
Swindells I‘ﬁ 0.60 [0.56, 0.63]
Thit |—I—| 0.75[0.67. 0.82]
Yoon H 0.54 [0.51, 0.57]

Frrr

0.47 0.82

Specificity
Bjerrum 0.70 [0.65, 0.75]
Hanifa 0.76 [0.70, 0.80]
Hoffmann H 097 [0.85 087
Kemper I—I—I 0.78 [0.68, 0.85]
Kerkhoff I-I'I 0.80[0.76, 0.84]
Kufa I—I—l 0.65[0.58, 0.72]
LaCourse H 0.86 [0.91. 0.98]
Mbu 0.78 [0.75. 0.81]
Modi 0.83 [0.80, 0.86]
Nguyen 0.75 [0.67. 0.81]
Rangaka H 0.02 [0.00, 0.04]
Reeve H 0.82 [0.79, 0.85]
Shapiro 0.73 [0.69, 0.78]
Swindells 0.71 [0.67. 0.74]
Yoon 0.70 [0.67, 0.72]
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Outpatients (Not on ART) - Forest plot for
Top: Hb (<10 g/dL) and Bottom: Hb (<8 g/dL)

Sensitivity Specificity

Balcha |-I-| 0.42 [0.34, 0.51] Balcha H 082 [0.79, 0.85]
Bjerrum |—-| 0.78 [0 61, 0.89] Bjerrum I--l 0.52 [0 46, 0.57]
Hanifa |-I-| 0.38 [0.27, 0.50] Hanifa |-I-| 076071, 081]
Hoffmann I-I—l 0.18 [0.09, 0.34] Hoffmann H 0.84 [0.82, 0.86]
Kerkhoff I-I-l 0.38 [0.28, 0.48] Kerkhoff H 0.87 [0.83, 0.90]
Kufa I—I—l 0.38[0.18, 0.61] Kufa |-I-| 0.84 [0.78, 0.88]
Swindells I-I-l 0.34 [0.23, 0.47] Swindells H 0.86 [0.83, 0.88]
Thit |—I—| 0.50 [0.05, 0.95] Thit I—I—| 0.61[0.51,0.70]

11 Fr T

0.05 0.72 0.46 0.79

Sensitivity Specificity
Balcha H 010 [0.06.017] Balcha H 0.98 [0.96, 0.99]
Bjerrum |-—| 016 [0.07, 0.32] Bjerrum I—-—l 0.83[0.78, 087]
Hanifa H 0.06[0.02 015] Hanifa |—I-| 094 [091,097]
Hoffmann H 0.01[0.00,013] Hoffmann H 098 [0.97, 0.99]
Kerkhoff H 0.14 [0.08, 0.23] Kerkhoff I-Il 0.96 [0.94, 0.98]
Kufa |—I—| 0.25[0.10, 0.49] Kufa H 0.98 [0.95 0.99]
Swindells H 0.12[0.06, 0.24] Swindells H 0.97 [0.96, 0.98]
Thit |—I—| 0.50 [0.05, 0.95] Thit |—I—| 0.91 [0.84, 0.95]

11 Frri

0.00 0.71 0.78 0.94
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Sensitivity

Outpatients (Not on ART) - Forest plot for
BMI (<18.5 kg/m?)

Affolabi
Ahmad
Balcha
Bjerrum
Hanifa
Kemper
Kerkhoff
Kufa
LaCourse
Modi
Rangaka
Reeve
Shapiro
Swindells
Thit
Yoon

0.56 [0.42, 0.68]
0.23 [0.11, 0.40]
0.64 [0.55, 0.72]
0.64 [0.48, 0.78]
0.36 [0.25, 0.48]
0.25 [0.09, 0.53]
0.17 [0.10, 0.26]
0.27 [0.11, 0.52]
0.12 [0.01, 0.60]
0.45 [0.34, 0.57]
0.14 [0.08, 0.23]
0.21[0.14, 0.30]
0.21[0.12, 0.36]
0.21[0.13, 0.34]
0.75 [0.20, 0.97]
0.42 [0.36, 0.49]

Specificity

Affolabi
Ahmad
Balcha
Bjerrum
Hanifa
Kemper
Kerkhoff
Kufa
LaCourse
Modi
Rangaka
Reeve
Shapiro
Swindells
Thit
Yoon
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055 077 099

0.74 [0.71, 0.77]
0.89 [0.83, 0.93]
0.59 [0.55, 0.63]
0.68 [0.63, 0.73]
0.74 [0.68, 0.78]
0.92 [0.84, 0.96]
0.94 [0.92, 0.96]
0.92 [0.87, 0.95]
0.96 [0.91, 0.98]
0.80 [0.77, 0.83]
0.98 [0.96, 0.99]
0.92 [0.89, 0.93]
0.95 [0.92, 0.96]
0.85 [0.82, 0.87]
0.78 [0.70, 0.85]
0.83 [0.81, 0.85]



Outpatients (Not on ART) - Forest plot for

Lymphadenopathy

Specificity

Sensitivity
Balcha = 0.11 [0.07, 0.18]
Bjerrum F=— 0.35[0.22, 0.51]
Swindells = 0641051, 0.76]
Thit |—-—| 0.25 [0.03, 0.80]

0.03 041 080

Balcha

Bjerrum

Swindells

Thit
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0.66

0.83 099

0.98 [0.97, 0.99]

0.82 [0.78, 0.86]

0.70 [0.66, 0.73]

0.95 [0.89, 0.98]



Outpatients (Not on ART) - Forest plot for
Top: W4SS with CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)

Sensitivity Specificity

Kerkhoff |—Il| 0.98 [0.92, 0.99] Kerkhoff H 0.11[0.08, 0.14]

Reeve |—-—| 0.84[0.75, 0.90] Reeve I--l 0.36 [0.32, 0.40]
Shapiro |—-—| 0.02[0.81, 0.98] Shapiro I--l 0.31[0.27, 0.36]

Yoon I-l-l 097 [0.93 098] Yoon H 013[011. 015
Fr 1t Fr 1T
0.75 0.93 0.08 0.32
Sensitivity Specificity

Kerkhoff |—-—| 0.86 [0.77, 0.92] Kerkhoff I—-—l 0.50 [0.46, 0.55]

Reeve |—-—| 0.70[0.50, 0.78] Reeve I--l I

Shapiro |—-—| 0.86 [0.72, 0.93] Shapiro I—-—l 0.60[0.64, 0.73]
e oes

0.69 [0.66, 0.73]

Yoon I--l 0.89 [0.85. 0.93] Yoon 065 [0.63. 0.68]
0.59 0.85 0.46 0.66
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Outpatients (Not on ART) - Forest plot for
WA4SS with CXR (abnormal)

Sensitivity

Affolabi

Ahmad

Hanifa

Kerkhoff

Kufa

Modi

Swindells

Thit

Specificity

b= 093083 097] Affolabi
= 094080 0.8 Ahmad
H  o0.9810.91, 1.00] Hanifa
H 0981092 099 Kerkhoff
— 09710786, 1.00] Kufa
F# 089078 094 Modi
F=| o0.931082 0.97] Swindells
b———=—] 0750020 097 Thit
T T 71T 1

02 0.6 1.0
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Outpatients (Not on ART) - Forest plot for
Top: W4SS then Xpert and Bottom: Xpert alone

Sensitivity
Affolabi I—I'l 0.76 [0.64, 0.86]
Balcha I-I-l 0.65 [0.56, 0.73]
Bjerrum I—-—I 0.81[060. 092
Kemper |—-—| 067 [039. 086]
Kerkhoff 0.70[0.59, 0.78]
LaCourse 0.38 [0.09, 0.78]
Modi I-I-l 0.56 [0.45, 0.67]
Reeve |--| 051 (041, 060
Thit I—I—l 0.25 [0.03, 0.80]
Yoon H 0.56 [0.50. 0.63]

LI I B

0.03 0.70

Sensitivity
Affolabi H 0.95[0.85, 0.98]
Balcha I-I-l 0.67 [0.59, 0.75]
Bjerrum |—-| 086 [0 65, 095
Kemper I—-—l 0.75[047.091]
Kerkhoff I-I-l 0.72 [0.62, 0.80]
LaCourse |—I—| 0.62 [0.22, 0.91]
Modi I-I'l 0.73 [0.62, 0.82]
Reeve I--l 058 [0 48, 0 B8]
Thit I—I—l 0.25 [0.03, 0.80]
Yoon H 0.57 [0.51, 0.64]

Frrr

0.03 0.74

Specificity

Affolabi I'I 0.99 [0.96, 0.99]
Balcha I-I 0.98 [0.97. 0.99]
Bjerrum |—-— 097 [0.93 099
Kemper |—-— 0.98[092 099
Kerkhoff I—. 0.99 [0.97, 0.99]
LaCourse 1.00 [0.96, 1.00]
Modi 0.89 [0.98, 1.00]
Reeve 1.00 [0.99, 1.00]
Thit |—I—| 0.95 [0.89, 0.98]
Yoon H 0.99 [0.99, 1.00]

T 11

0.89 0.95

Specificity
Affolabi 0.98 [0.97. 0.99]
Balcha 0.98 [0.97. 0.99]
Bjerrum |—-— 097 [0.93 099
Kemper |—-— 0.98[092 099
Kerkhoff I—. 0.99 [0.97, 0.99]
LaCourse H 1.00 [0.96, 1.00]
Modi 0.89 [0.98, 0.99]
Reeve 0.99 [0 98, 1.00]
Thit |—I—| 0.95 [0.89, 0.98]
Yoon H 0.00 [0.09, 1.00]

T 11
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Figure 8-3D - Forest plots of sensitivity and specificity estimates in participants with a CD4 cell count <=200 cells/uL

CD4 <=200 cells/yL - Forest plot for

Specificity

WA4SS

Sensitivity
Affolabi 0.79 [0.66, 0.88] Affolabi
Ahmad 0.85 [0.68, 0.94] Ahmad
Al Darraji —=— 0.57 [0.25, 0.84] Al Darraji
Balcha 0.96 [0.89, 0.99] Balcha
Bjerrum 0.96 [0.81, 0.99] Bjerrum
Gersh |—I—| 0.17 [0.02, 0.69] Gersh
Hanifa M 0.97[0.89, 0.99] Hanifa
Hoffmann =] 0.38 [0.18, 0.84] Hoffmann
Kemper F—=| 0.90[0.60, 0.98] Kemper
Kerkhoff 0.91[0.81, 0.96] Kerkhoff
Kufa 0.98 [0.81, 1.00] Kufa
LaCourse p——=——— 050[0.05 0.95] LaCourse
Mbu I o0.9810.91, 0.99] Mbu
Modi =" 0860072 0.94] Modi
Nguyen 0.58 [0.32, 0.81] Nguyen
Rangaka 0.43[0.34, 0.54] Rangaka
Reeve =] 0860072 093] Reeve
Shapiro = 0.92[075 0.8 Shapiro
Swindells = 085[0.68 094] Swindells
Thit 0.92 [0.52, 0.99] Thit
Yoon 0.99[0.96, 1.00] Yoon

i

0.02 051 1.00
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0.98

0.55 [0.51, 0.59]
0.36 [0.29, 0.44]
0.30 [0.17, 0.48]
0.18 [0.14, 0.22]
0.05 [0.03, 0.09]
0.90 [0.77, 0.96]
0.06 [0.04, 0.09]
0.76 [0.69, 0.82]
0.30 [0.19, 0.43]
0.14 [0.10, 0.19]
0.11 [0.07, 0.17]
0.92[0.71, 0.98]
0.05 [0.03, 0.08]
0.24 [0.18, 0.32]
0.59 [0.47, 0.69]
0.83 [0.80, 0.86]
0.34 [0.27, 0.42]
0.23 [0.16, 0.32]
0.24 [0.18, 0.30]
0.38 [0.31, 0.46]
0.11 [0.09, 0.14]



Top:

Sensitivity

CD4 <=200 cells/uL - Forest plot for
CRP (>=10 mg/L) and Bottom: CRP (>=5 mg/L)

Specificity

Gersh I—I—| 0.17 [0.02, 0.69] Gersh I—I—I 0.82 [0.68, 0.91]
Kerkhoff H 0.89[0.78, 0.94] Kerkhoff |-I-| 0.55[0.49, 0.61]
Reeve H 0.92 [0.80, 0.97] Reeve I—-—I 0.49 [0.41, 0.57]
Shapiro I—-l 0.88 [D.70, 0.96] Shapiro I—-—l 0.51[0.41, 0.60]
Yoon H 087 [082, 0091] Yoon H 069 [0 66, 0.73]
0.02 0.74 0.41 0.78
Sensitivity Specificity
Gersh I—I—| 0.50 [0.09, 0.91] Gersh |—I—I 0.76 [0.61, 0.86]
Kerkhoff H 0.90 [0.80, 0.95] Kerkhoff |-I-| 0.41 [0.36, 0.48]
Reeve I—-I 0.92 [0.80, 0.97] Reeve I--I 0.30 [0.23, 0.38]
Shapiro H 096 [0.80, 0.99] Shapiro I--l 0.37 [0.28, 0.47]
Yoon H 093 [0 88, 0095 Yoon H 059 [0 55, 0.62]
0.09 0.77 0.23 0.70
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Sensitivity

Top: CXR (abnormal) and Bottom: CXR (suggests tuberculosis)

CD4 <=200 cells/uL - Forest plot for

Specificity

Affolabi I—I—l 0.65[0.50, 0.77] Affolabi H 077 [0.73, 0.80]
Ahmad I—I—l 0.74 [0.55, 0.87] Ahmad |—I—| 0.43 [0.35 0.51]
Hanifa |—I-| 0.85[0.73 092] Hanifa |-I-| 0.41[0.35 047]
Kerkhoff I—I-l 0.74 [0.62, 0.83] Kerkhoff I-I-l 0.57 [0.51, 0.63]
Kufa I—I—l 0.84 [0.62, 0.94] Kufa I—I—l 0.60 [0.52, 0.68]
Modi |—I—| 0.76 [0.60. 0.88] Modi |—I—| 0.50 [0.41, 0.58]
Swindells |—I—| 0.48 [0.31, 0.66] Swindells |—I-| 0.74 [0.67,0.79]
Thit |—I—| 0.60 [0.23, 0.88] Thit I—I—l 0.54 [0.46, 0.62]

Frrr Frr 1

0.23 0.77 0.35 0.69

Sensitivity Specificity
Affolabi |—I—| 0.56 [0.42, 0.69] Affolabi H 0.91[0.89, 0.93]
Ahmad I—I—l 059041, 075] Ahmad I—I—l 0.61 [0.53, 0.69]
Hanifa |—I—| 0.76 [0.64, 0.85] Hanifa I-I-l 0.54 [0.48, 0.60]
Kerkhoff I—I—l 0.70 [0.58, 0.80] Kerkhoff I-I-l 0.65[0.59, 0.71]
Kufa I—I—l 0.74 [0.51, 0.88] Kufa I—I-l 0.80[0.73, 0.86]
Modi I—I—l 059 [0.42, 0.74] Modi |—I-| 0.79[0.71, 0.85]
Nguyen |—-—| 0.67 [0.39, 0.86] Nguyen |—-—| 0.63[0.51,0.73]
Swindells I—I—| 0.44 [0.28, 0.63] Swindells I-I-l 0.79[0.73, 0.84]

Frrr

Frr T

0.28

0.73
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CD4 <=200 cells/uL - Forest plot for

Top: Cough (any) and Bottom: Cough (>=2 weeks)

Sensitivity
Affolabi 0.67 [0.53, 0.78]
Ahmad 0.67 [0.45, 0.81]
Al Darraji 043[016 075
Balcha 064 [0.53, 0.74
Bjerrum 0.69 [0.50, 0.83
Gersh 017 [0.02, 0.69
Hanifa 0.68[0.56,0.79
Hoffmann 0.31[013, 058
Kemper 0.50[0.24,0.76
Kerkhoff 067 [0.55 077
Kufa 0.85[0.64, 0.95]
LaCourse 0.50[0.05, 0.95]
Mbu 0.73[0.62 0.81]
Modi 0.43[0.29, 0.59
Nguyen 0.50 [0.25, 0.75
Rangaka 0.27 [0.19, 0.37
Reeve 062047 075
Shapiro 0.68 [0.48, 0.83
Swindells 0.67 [0.48, 0.81
Thit —| 0.80[0.38, 0.96
‘Yoon 0.75[069, 081

i

0.02 0.73

Sensitivity
Al Darraji I-—| 0.14 [0.03, 0.51]
Bjerrum |—-—| 0.58 [0.39, 0.74]
Gersh I—-—| 047 [0.02, 0.69]
Hanifa |-I-| 0.52 [0.39, 0.64]
Hoffmann I—-—' 0.31[0.13, 0.58]
Kemper 0.50 [0.24, 0.76]
Kerkhoff 0.26 [0.19, 0.40]
Kufa |—I—| 0.80 [0.58, 0.92]
Mbu 0.38 [0.28, 0.49]
Modi 0.43[0.29, 0.59]
Nguyen —I—| 0.50 [0.25, 0.75]
Rangaka 025[017. 035
Reeve —-—l 0.50 [0.36, 0.64]
Shapiro —-—| 0.56 [0.37, 0.73]
Swindells 063 [0.44, 0.78]
Yoon 0.56 [0.48, 0.63]

0.02
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Specificity
Affolabi 0.69 [0.65, 0.73]
Ahmad 0.61 [0.53, 0.68]
Al Darraji 060 [0 42 075
Balcha 0.58 [0.52, 0.63
Bjerrum 0.57 [0.50, 0.63
Gersh l—I-I 0.80 [0.77, 0.96
Hanifa 0.60[0.54, 0.65
Hoffmann 0.88[0.82 092
Kemper 0.76[0.63, 0.85
Kerkhoff 0.53[0.47, 059
Kufa 0.52 [0.45, 0.60]
LaCourse l—.-l 0.92 [0.71, 0.98]
Mbu 0.41 [0.35, 0.47]
Modi 066 [0.58, 0.73
Nguyen 0.68 [0.57. 0.7T
Rangaka H 0.81 [0.88, 0.93
Reeve 0.57 [0.49. 0.64
Shapiro 0.41[0.32, 0.91
Swindells 0.48[0.41,0.55
Thit I-I-l 0.75[0.67, 081
‘Yoon H 0.48 [0 45, 0 52
0.32 0.82
Specificity
Al Darraji 0.83 [0.66, 0.93]
Bjerrum 0.67 [0.61, 0.73]
Gersh H 0.97 [0.86, 0.99]
Hanifa |-I-| 077 [0.71,081]
Hoffmann H 0.94 [0.89, 0.97]
Kemper 0.76 [0.63, 0.85]
Kerkhoff 0.79[0.73, 0.83]
Kufa 063 [0.55 0.70]
Mbu 0.67 [0.61,0.72]
Modi 0.72[0.64,0.78]
Nguyen 0.68 [0.57. 0.77]
Rangaka H 093 [0.91, 0.85]
Reeve 0.73 [0.66, 0.80]
Shapiro 0.62 [0.52, 0.71]
Swindells 0.55[0.48, 0.62]
Yoon 0.64 [0.61, 0.68]



CD4 <=200 cells/uL - Forest plot for
Top: Hb (<10 g/dL) and Bottom: Hb (<8 g/dL)

Sensitivity Specificity
Balcha I-I-I 0.54 [0.43, 0.65] Balcha I-I-I 0.76 [0.70, 0.80]
Bjerrum |—-| 0.83 [0.63, 0.93] Bjerrum I--I 0.44 [0.38, 0.51]
Gersh |—I—| 0.83 [0.31, 0.98] Gersh |—I-| 0.88[0.73, 0.95]
Hanifa I-I-l 0.38 [0.27, 0.51] Hanifa I-I-l 076 [0.71,0.81]
Hoffmann |—I—| 0.25[0.09, 0.53] Hoffmann |-I-| 0.75[0.67. 0.81]
Kerkhoff |-I-| 0.48 [0.36, 0.61] Kerkhoff H 0.87 [0.82, 0.80]
Kufa I—I—l 0.40[0.22, 0.61] Kufa |-I-| 0.79[0.73, 0.85]
Swindells I—I—l 0.48 [0.31, 0.66] Swindells I-I-I 076 [0.70 082]
Thit I—I-l 0.90 [0.46, 0.99] Thit |—I—| 0.52 [0.43, 0.60]

| I B I | Frrr

0.09 0.76 0.38 0.80

Sensitivity Specificity
Balcha H 0.14 [0.08, 0.24] Balcha H 0.97 [0.94, 0.98]
Bjerrum I-—I 0.00 [0.02, 0.27] Bjerrum |—-—| 0.81 [0.75, 0.86]
Gersh |—I—| 0.17 [0.02, 0.69] Gersh |—I—| 0.90 [0.76. 0.96]
Hanifa H 0.07 [0.03, 0.16] Hanifa I-I-l 0.94 [0.91, 0.96]
Hoffmann H 0.04 [0.00, 0.28] Hoffmann |—I-| 0.96 [0.91, 0.98]
Kerkhoff |I-| 0.20[0.12, 0.32] Kerkhoff H 0.96 [0.93, 0.98]
Kufa |-I—| 0.20 [0.08, 0.42] Kufa I-Il 0.98 [0.94, 0.99]
Swindells I-I—l 0.19[0.08, 0.37] Swindells I—I-I 0.96 [0.93, 0.98]
Thit I—I—| 0.75[0.30, 0.95] Thit I—I—l 0.90 [0.83, 0.94]

Frrr rrrr

0.00 0.72 0.75 0.93
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Sensitivity

CD4 <=200 cells/yL - Forest plot for

BMI (<18.5 kg/m?)

Affolabi
Ahmad
Al Darraji
Balcha
Bjerrum
Gersh
Hanifa
Kemper
Kerkhoff
Kufa
LaCourse
Modi
Rangaka
Reeve
Shapiro
Swindells
Thit
Yoon

0.05 050 095

0.51[0.37, 0.65]
0.30 [0.16, 0.51]
0.29 [0.08, 0.84]
0.70 [0.59, 0.79]
0.72 [0.52, 0.86]
0.50 [0.09, 0.91]
0.35 [0.24, 0.48]
0.30 [0.11, 0.60]
0.19 [0.11, 0.30]
0.32 [0.15, 0.54]
0.50 [0.05, 0.95]
0.50 [0.35, 0.65]
0.13 [0.08, 0.21]
0.22 [0.12, 0.37]
0.24 [0.11, 0.43]
0.26 [0.13, 0.45]
0.40 [0.12, 0.77]
0.46 [0.39, 0.53]

Specificity

Affolabi
Ahmad
Al Darraji
Balcha
Bjerrum
Gersh
Hanifa
Kemper
Kerkhoff
Kufa
LaCourse
Modi
Rangaka
Reeve
Shapiro
Swindells
Thit
Yoon
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0.68 [0.64, 0.72]
0.87 [0.81, 0.92]
0.93 [0.79, 0.98]
0.50 [0.44, 0.55]
0.59 [0.52, 0.85]
0.85 [0.72, 0.93]
0.74 [0.69, 0.79]
0.87 [0.76, 0.94]
0.92 [0.88, 0.95]
0.90 [0.84, 0.94]
0.92 [0.71, 0.98]
0.72 [0.64, 0.78]
0.97 [0.96, 0.98]
0.86 [0.79, 0.90]
0.91[0.84, 0.95]
0.76 [0.69, 0.81]
0.78 [0.71, 0.84]
0.77 [0.74, 0.80]



CD4 <=200 cells/yL - Forest plot for

Lymphadenopathy

Specificity

Sensitivity
Balcha b= 0.13 [0.07, 0.22]
Bjerrum F=—] 0.27 [0.14, 0.46]
Swindells —=— o0.7010.52 0.84]
Thit |—-—| 0.40 [0.12, 0.77]

0.07 046 0.84

Balcha

Bjerrum

Swindells

Thit
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056 0.77

0.99

0.98 [0.95, 0.99]

0.86 [0.81, 0.90]

0.63 [0.56, 0.70]

0.91 [0.85, 0.94]



CD4 <=200 cells/uL - Forest plot for

Top: W4SS with CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)

Sensitivity

Specificity

I—I—I 0.75[0.60
H 0.10[0.07

023017

H 019012

H 010008

X

0.07 0.66

Specificity

. 0.86]

. 0.14]

.0.31]

. 0.27]

. 013]

Gersh I—I—| 0.17[0.02, 0.69] Gersh
Kerkhoff H 0.97 [0.89, 0.99] Kerkhoff
Reeve H 0.95[0.83, 0.99] Reeve
Shapiro H 0.96 [0.80. 0.99] Shapiro
Yoon | 099 [0.97,1.00] Yoon
0.02 0.75
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CD4 <=200 cells/yL - Forest plot for
WA4SS with CXR (abnormal)

Sensitivity
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CD4 <=200 cells/uL - Forest plot for
Top: W4SS then Xpert and Bottom: Xpert alone

Sensitivity Specificity
Affolabi I-I-l 0.73[0.59, 0.83] Affolabi H 0.98 [0.97, 0.99]
Al Darraji |—-—| 0.44[047, 0.74] Al Darraji |—-| 0.98 [0.86, 1.00]
Balcha 0.76 [0.65, 0.84] Balcha 0.98 [0.96, 0.99]
Bjerrum 0.87 [0.62, 0.06] Bjerrum 0.07 [0.91, 0.09]
Gersh I—I—| 0.17 [0.02, 0.69] Gersh { 0.99[0.90, 1.00]
Kemper I—I—| 0.70 [0.40, 0.89] Kemper {1 0.98 [0.90, 1.00]
Kerkhoff |-I'| 0.75[0.63, 0.84] Kerkhoff 0.99 [0.96, 0.99]
Modi I—I—I 0.67 [0.50, 0.80] Modi 0.97 [0.94, 0.99]
Reeve |—-| 062[047, 075 Reeve 0.99 [0 95, 1.00]
Thit I—I—| 0.60 [0.23, 0.88] Thit 0.92 [0.86. 0.95]
Yoon H 057 [0.50, 0 B4] Yoon H 0.99 [0 98, 1.00]
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Sensitivity Specificity
Affolabi H 0.94 [0.83, 0.98] Affolabi H 0.98 [0.97, 0.99]
Al Darraji |—-—| 0.650 [0.36, 0.00] Al Darraji |—-| 0.98 [0.86, 1.00]
Balcha I-.-l 0.78 [0.68, 0.86] Balcha 0.98 [0.96, 0.99]
Bjerrum |—-| 0.87 [0.62, 0.06] Bjerrum 0.07 [0.91, 0.09]
Gersh I—I—l 0.17 [0.02, 0.69] Gersh { 0.99[0.90, 1.00]
Kemper I—I—I 0.80 [0.49, 0.94] Kemper 1 0.98 [0.90, 1.00]
Kerkhoff 0.78 [0.67. 0.86] Kerkhoff 0.99 [0.96, 0.99]
Modi 0.79 [0.64, 0.89] Modi 0.97 [0.94, 0.99]
Reeve |—-| 069 [054, 081 Reeve 098 [0.94, 099]
Thit |—I—| 0.60 [0.23, 0.88] Thit |—I—| 0.92 [0.86. 0.95]
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Figure 8-3E - Forest plots of sensitivity and specificity estimates in participants with a CD4 cell count >200 cells/uL
CD4 >200 cells/yL - Forest plot for
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Top:

Sensitivity

CD4 >200 cells/jL - Forest plot for
CRP (>=10 mg/L) and Bottom: CRP (>=5 mg/L)

Specificity

Gersh |—I—| 0.33 [0.06, 0.79] Gersh I-II 0.93 [0.89, 0.95]
Kerkhoff I—I—l 0.79 [0.60, 0.91] Kerkhoff |—I—| 0.61 [0.53, 0.68]
Reeve I—-—I 0.59 [0.43, 0.73] Reeve I--I 0.71[0.66, 0.75)]
Shapiro |—-—| 0.60 [0.36, 0.80] Shapiro I--l 0.81 [0.76, 0.85]
Yoon |—-| 073 [0 59, 0.84] Yoon H 0.81[078, 084]
0.06 0.70 0.53 0.85
Sensitivity Specificity
Gersh I—I—| 0.33 [0.06, 0.79] Gersh I-I-I 0.82[0.77, 0.86]
Kerkhoff |—I| 0.92[0.74, 0.98] Kerkhoff |—I—| 0.48 [0.40, 0.56]
Reeve I—-I 0.77 [0.62, 0.87] Reeve I--I 0.57 [0.52, 0.61]
Shapiro I—-—l 0.80 [0 55, 093] Shapiro I--l 0.66 [0.60, 0.72]
Yoon I—-l 0.80 [0 66, 0.89] Yoon H 069 [0 65, 073]
0.06 0.75 0.40 0.75
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Top: CXR (abnormal) and Bottom: CXR (suggests tuberculosis)

CD4 >200 cells/jL - Forest plot for

Sensitivity Specificity
Affolabi I—I—l 056 [0.39.0.72] Affolabi H 0.79 [0.77. 0.80]
Ahmad I—I—l 0.71[0.53, 0.85] Ahmad H 0.41 [0.36. 0.46]
Hanifa I—I—| 0.50 [0.09. 0.91] Hanifa |—I—| 0.40 [0.20. 0.64]
Kerkhoff |—I—| 0.70[0.49, 0.84] Kerkhoff I-I-l 0.51 [0.43, 0.59]
Kufa |—I-| 0.90 [0.46, 0.99] Kufa I-I-l 0.69 [0.63, 0.75]
Modi I—I—l 0.68 [0.48, 0.83] Modi H 0.63 [0.58, 0.68]
Swindells |—I—| 0.59 [0.41, 0.75] Swindells H 0.82[0.78, 0.86]
Thit |—I—| 0.67 [0.21, 0.94] Thit H 0.70[0.64,0.75]
0.09 0.77 0.20 0.69
Sensitivity Specificity
Affolabi |—I—| 0.44 [0.28, 0.61] Affolabi H 092091, 083]
Ahmad I—I—l 0.64 [0.46, 0.79] Ahmad H 0.55 [0.50. 0.60]
Hanifa I—I—| 0.50 [0.09. 0.91] Hanifa |—I—| 0.60 [0.36. 0.80]
Kerkhoff |—I—| 0.70[0.49, 0.84] Kerkhoff I-I-l 0.64 [0.56, 0.72]
Kufa |—I-| 0.90 [0.46, 0.99] Kufa H 0.89[0.83, 0.92]
Modi I—I—l 0.48 [0.30, 0.67] Modi H 0.91[0.87. 093]
Nguyen |—-—| 0.75 [0.51, 0.90] Nguyen H 0.73[0.68, 0.78]
Swindells I—I—l 0.52 [0.34, 0.69] Swindells H 0.90[0.87, 0.93]
0.09 0.77 0.36 0.79
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CD4 >200 cells/jL - Forest plot for

Top: Cough (any) and Bottom: Cough (>=2 weeks)

Sensitivity
Affolabi 0.53 [0.36. 0.69]
Ahmad 0.63 [0.46, 0.78]
Al Darraji I— 062 [0.31, 0.86]
Balcha 0.54 [0.40, 068
Bjerrum 0.70 [0.40, 0.89
Gersh 0.12 [0.01, 0.60,
Hanifa 0.33 [0.06, 0.79
Hoffmann 0.18 [0.07, 0.39
Kemper 0.83 [0.31, 0.98
Kerkhoff 067 [0.47, 082
Kufa 1 1 0.75[0.30, 0.95]
LaCourse 0.33 [0.10, 0.70]
Mbu | 0.58 [0.44, 0.71]
Modi 0.42 [0.26, 0.61
Nguyen 0.25[0.10, 0.49
Rangaka 0.18 [0.08. 0.34
Reeve 0.41 [0.28, 0.57
Shapiro 0.87 [0.62, 0.96
Swindells 0.83 [0.65, 0.92
Thit 0.25[0.05 070
Yoon 067 [052,079]
0.01 0.74
Sensitivity
Al Darraji 0.06 [0.01, 0.37]
Bjerrum 0.70 [0.40, 0.89]
Gersh I I 012 [0.01, 0.680]
Hanifa 1 0.33 [0.06, 0.79]
Hoffmann HE— 0.14 [0.05, 0.33]
Kemper —-l 0.83 [0.31, 0.98]
Kerkhoff 0.17 [0.07. 0.36]
Kufa 1 ] 0.50[0.15, 0.85]
LaCourse | 1 0.33 [0.10. 0.70]
Mbu I-I— 0.36 [0.24, 0.50]
Modi I —I--I 0.38 [0.23, 0.56]
Nguyen 0.25[0.10, 0.49]
Rangaka F— 009 [003, 023
Reeve 0.37 [0.24, 0.52]
Shapiro 0.80 [0.55, 0.93]
Swindells 0.59 [0.41, 0.74]
Yoon 053 [0.39, 067]

0.01

0.74
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Specificity
Affolabi H 0.86 [0.84, 0.87]
Ahmad 0.68 [0.64, 0.73]
Al Darraji I—-—I 048 [0.37, 0.58]
Balcha 067 [0.62, 0.72
Bjerrum 0.63[0.55, 0.71
Gersh 0.92 [0.88, 0.94
Hanifa 0.47 [0.25, 0.70
Hoffmann 0.93[0.92, 095
Kemper 0.77 [0.61, 0.88
Kerkhoft 0.55[0.48, 0.63
Kufa 0.55[0.48, 0.61]
LaCourse 0.84 [0.79, 0.88]
Mbu H 0.63 [0.59, 0.67]
Modi 0.81[0.77, 0.84
Nguyen 0.76 [0.71, 0.80
Rangaka H 0.85 [0.93. 0.96
Reeve 077 [073 081
Shapiro 0.66 [0.60, 0.71
Swindells 0.64 [0.60, 0.69
Thit H 0.90 [0.86, 0.93
Yoon 062 [0 58, 0.66]
0.25 0.78
Specificity
Al Darraji 0.90 [0.81, 0.94]
Bjerrum 0.75[0.67, 0.82]
Gersh H 0.98 [0.96. 0.99]
Hanifa |—I—| 0.53 [0.30, 0.75]
Hoffmann ' 0.97 [0.96. 0.98]
Kemper 0.80 [0.64, 0.90]
Kerkhoff 0.84 [0.77.0.89]
Kufa H 066 [0.59. 0.72]
LaCourse 0.95 [0.91, 0.97]
Mbu 0.83 [0.80, 0.86]
Modi 0.85[0.82, 0.88]
Nguyen 076 [0.71,0.80]
Rangaka 098 [0 96, 089)
Reeve 0.85[0.82, 0.88]
Shapiro 0.79 [0.74, 0.83]
Swindells 0.77[0.73. 0.81]
Yoon 077 [0.73, 0.80]
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CD4 >200 cells/jL - Forest plot for

Top: Hb (<10 g/dL) and Bottom: Hb (<8 g/dL)

Sensitivity

Specificity

Balcha I-I—I 0.24 [0.14, 0.38] Balcha I-I-I 0.87 [0.84, 0.90]
Bjerrum |—-—| 0.67 [0.35, 0.88] Bjerrum |—-—| 0.64 [0.55, 0.72]
Gersh - 0.33[0.06, 0.79] Gersh |-I-| 0.87 [0.82, 0.90]
Hanifa i 0.33[0.06, 0.79] Hanifa I—I—l 0.80 [0.55, 0.93]
Hoffmann -I—| 0.14 [0.05, 0.35] Hoffmann H 0.86 [0.84, 0.88]
Kerkhoff I-I—l 012 [0.04, 0.31] Kerkhoff |—I-| 0.86 [0.80, 0.91]
Kufa I—I—| 0.50 [0.15, 0.85] Kufa H 0.92[0.87, 0.95]
Swindells I-I—| 0.21[010, 0.38] Swindells H 0.90[0.87, 092]
Thit |-I—| 0.12[0.01, 0.607 Thit |—I-| 0.71[0.65, 0.76]

| I B I | Fr 11
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Sensitivity Specificity
Balcha H 0.04 [0.01,0.15] Balcha H 0.98 [0.96, 0.99]
Bjerrum |—-—| 0.33 [0.12, 0.65] Bjerrum |—-—| 0.858[0.81, 0.92]
Gersh - 0.12[0.01, 0.607 Gersh |—I-| 0.94 [0.91, 0.97]
Hanifa i 012 [0.01, 0.680] Hanifa I—I-l 0.97 [0.76, 1.00]
Hoffmann l—l 0.02 [0.00.018] Hoffmann H 098 [0.97. 0.99]
Kerkhoff H 0.02[0.00,017] Kerkhoff I—I-l 0.96 [0.91, 0.98]
Kufa I—I—l 0.25 [0.05, 0.70] Kufa H 0.98 [0.95, 0.99]
Swindells II—| 0.07[0.02 022] Swindells H 0.98 [0.96, 0.99]
Thit |—I—| 0.12[0.01, 0.607 Thit |—I-| 0.93 [0.88, 0.95]
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Sensitivity

CD4 =200 cells/yL - Forest plot for

BMI (<18.5 kg/m?)

Affolabi
Ahmad
Al Darraji
Balcha
Bjerrum
Gersh
Hanifa
Kemper
Kerkhoff
Kufa
LaCourse
Modi
Rangaka
Reeve
Shapiro
Swindells
Thit
Yoon

0.01

i

f

]

|

040 0.79

0.34 [0.20, 0.52]
0.11[0.04, 0.27]
0.06 [0.01, 0.37]
0.53 [0.39, 0.67]
0.40 [0.17, 0.89]
0.12 [0.01, 0.60]
0.33 [0.06, 0.79]
0.17 [0.02, 0.69]
0.12 [0.04, 0.31]
0.10 [0.01, 0.54]
0.07 [0.01, 0.44]
0.35[0.19, 0.54]
0.06 [0.02, 0.19]
0.20 [0.10, 0.34]
0.20 [0.07, 0.45]
0.17 [0.08, 0.35]
0.25 [0.05, 0.70]
0.27 [0.16, 0.41]

Specificity

Affolabi
Ahmad
Al Darraji
Balcha
Bjerrum
Gersh
Hanifa
Kemper
Kerkhoff
Kufa
LaCourse
Modi
Rangaka
Reeve
Shapiro
Swindells
Thit
Yoon

245

I—_.:I

P

e

.
"

0.33 0.66

{
!

1.00

0.85 [0.83, 0.87]
0.94 [0.91, 0.96]
0.93 [0.86, 0.97]
0.67 [0.62, 0.72]
0.83 [0.75, 0.88]
0.89 [0.84, 0.92]
0.57 [0.33, 0.79]
0.99 [0.88, 1.00]
0.98 [0.94, 0.99]
0.96 [0.92, 0.98]
0.97 [0.93, 0.98]
0.84 [0.80, 0.88]
0.98 [0.97, 0.99]
0.94 [0.92, 0.96]
0.96 [0.93, 0.98]
0.88 [0.85, 0.91]
0.84 [0.80, 0.88]
0.91[0.88, 0.93]



CD4 =200 cells/yL - Forest plot for

Lymphadenopathy

Specificity

Sensitivity
Balcha = 0.09 [0.03, 0.20]
Bjerrum F—=— o0.60[0.31, 0.83]
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CD4 >200 cells/jL - Forest plot for

Top: W4SS with CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)

Sensitivity

Specificity

H 0.81[0.76

H 0.12[0.08
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Shapiro I—-l 087 [0 62, 096] Shapiro
Yoon I-I-l 084 [0.71,0.92] Yoon
0.06 0.76
Sensitivity
Gersh I-I—| 0.12 [0.01, 0.60] Gersh
Kerkhoff |—I| 0.92 [0.74, 0.98] Kerkhoff
Reeve I—I—I 0.49 [0.34, 0.64] Reeve
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Yoon |-I-| 0.80 [0.66, 0.89] Yoon
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CD4 =200 cells/yL - Forest plot for
WA4SS with CXR (abnormal)

Sensitivity
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CD4 >200 cells/jL - Forest plot for

Top: W4SS then Xpert and Bottom: Xpert alone

Sensitivity Specificity
Affolabi 0.53 [0.36, 0.69] Affolabi 1.00[0.99, 1.00]
Al Darraji 0.39 [0.15. 0.69] Al Darraji 0.89 [0.94. 1.00]
Balcha 0.47 [0.33, 0.61] Balcha 0.98 [0.97. 0.99]
Bjerrum 0.67 [0.30, 0.00] Bjerrum 0.07 [0.87, 1.00]
Gersh I-I—' 0.12 [0.01, 0.60] Gersh 1.00 [0.98, 1.00]
Kemper I—-—' 0.50[009. 091] Kemper 097 [0.85. 0.99]
Kerkhoff 054 [0.35 0.72] Kerkhoff 0.99 [0.96, 1.00]
LaCourse 0.36 [0.12, 0.70] LaCourse 1.00 [0.98, 1.00]
Modi I—I—l 0.40[0.25, 0.58] Modi 1.00[0.99, 1.00]
Reeve |-—| 0.34 [0.22, 0.49] Reeve 1.00 [0.99, 1.00]
Thit |—I—| 0.25[0.05, 0.70] Thit 0.98 [0.96, 0.99]
Yoon I—-—I 0.53 [0.30, 0.67] Yoon H 0.00 [0.08, 1.00]
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0.01 0.68 0.85 0.93

Sensitivity Specificity
Affolabi 0.88[0.72, 095] Affolabi H 0.99 [0.99, 0.99]
Al Darraji 0.39 [0.15. 0.69] Al Darraji H 0.89 [0.94. 1.00]
Balcha I—I—l 0.49 [0.35, 0.63] Balcha 0.98 [0.96., 0.99]
Bjerrum |—-—| 0.83 [0.44, 0.07] Bjerrum 0.97 [0.87, 1.00]
Gersh I—I—| 0.33 [0.06, 0.79] Gersh 1.00 [0.98, 1.00]
Kemper |—-—| 0.50[009. 091] Kemper 097 [0.85. 0.99]
Kerkhoff |—I—| 054 [0.35 0.72] Kerkhoff 0.99 [0.96, 1.00]
LaCourse I—I—l 0.50 [0.19, 0.81] LaCourse 1.00[0.97,1.00]
Modi I—I—l 0.63 [0.46, 0.78] Modi 0.99 [0.98, 1.00]
Reeve |--| 0.44 [0.30, 0.59] Reeve 0.99 [0.98, 1.00]
Thit |—I—| 0.50[0.15, 0.85] Thit 0.98 [0.95 0.99]
Yoon I—-—I 0.53 [0.30, 0.67] Yoon 0.00 [0.08, 1.00]
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Figure 8-3F - Forest plots of sensitivity and specificity estimates in pregnant participants
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Pregnant - Forest plot for
Top: CRP (>=10 mg/L) and Bottom: CRP (>=5 mg/L)

Sensitivity

Specificity

Kerkhoff I—I—| 0.50 [0.05, 0.95] Kerkhoff

Yoon I—I—l 0.83[0.31, 0.98] Yoon

Fr 1
0.05 0.75

Sensitivity

|—-—| 0.32 [0.16, 0.54]

I—-—l 0.73[0.58, 0.84]

Frrr

0.16

0.67

Specificity

Kerkhoff I—I—| 0.50 [0.05, 0.95] Kerkhoff

Yoon I—I—l 0.83[0.31, 0.98] Yoon

Fr 1
0.05 0.75
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Pregnant - Forest plot for

Top: CXR (abnormal) and Bottom: CXR (suggests tuberculosis)

Sensitivity

Modi I—I—l 0.75[0.20, 0.97]

0.20 0.78

Sensitivity

Modi I—I—l 0.75[0.20, 0.97]

0.20 0.78

Specificity

Modi I—I—l 0.69 [0.36, 0.90]

0.36 0.76

Specificity

Modi |—I—| 0.93 [0.56, 0.99]

0.56 0.88
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Sensitivity

Pregnant - Forest plot for

Top: Cough (any) and Bottom: Cough (>=2 weeks)

Bjerrum |—-—| 0.75[0.20, 0.97]
Hoffmann I-I—l 023012, 0.39]
Kerkhoff |—I—| 0.50 [0.05. 0.95]
Kufa I—I—| 0.75[0.20, 0.97]
LaCourse I—I—l 0.29 [0.08, 0.64]
Modi I—I—l 040012, 0.77]
Swindells I—I—| 0.75[0.20, 0.97]
Yoon |—-—| 0.83 [0.31, 0.98]

Frrr

0.05 0.75

Sensitivity
Bjerrum I—-—l 0.75[0.20, 0.97]
Hoffmann |-I—| 0.20[0.10. 0.36]
Kerkhoff I—I—l 0.50 [0.05. 0.95]
Kufa |—I—| 0.75[0.20, 0.97]
LaCourse I—I—l 0.29 [0.08, 0.64]
Modi |—I—| 0.20[0.04, 0.62]
Swindells |—I—| 0.75[0.20, 0.97]
Yoon |—-—| 0.50 [0.09, 0.91]

i

0.04

0.74

Specificity

Bjerrum |—-—| 0.81[062 092
Hoffmann “ 093 [0.91,094]
Kerkhoff I—I—l 0.69 [0.48. 0.85]
Kufa I—I—l 0.68 [0.39, 0.88]
LaCourse H 0.85[0.81, 0.89]
Modi H 0.90[0.84, 0.94]
Swindells I—I—l 0.55 [0.27, 0.80]
Yoon |—-—| 0.65 [0.50, 0.78]

Frrr

0.27 0.78

Specificity
Bjerrum |—-| 090 [0 72, 097]
Hoffmann I 097 [0.85 097]
Kerkhoff |—I—| 0.88 [0.68. 0.96]
Kufa I—I—l 0.75[0.44, 0.92]
LaCourse H 0.96 [0.93, 0.98]
Modi H 0.94 [0.88, 0.97]
Swindells |—I—| 0.75 [0.44, 0.92]
Yoon |—-—| 0.83 [0.69, 0.91]

Frrr

0.44 0.84
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Pregnant - Forest plot for

Top: Hb (<10 g/dL) and Bottom: Hb (<8 g/dL)
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Pregnant - Forest plot for

Lymphadenopathy

Sensitivity
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Pregnant - Forest plot for

Top: W4SS with CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)

Sensitivity

Kerkhoff |—I—| 0.50 [0.05, 0.95]

Yoon I—-—l 0.83[0.31, 0.98]

Fr 1
0.05 0.75

Sensitivity
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Pregnant - Forest plot for
WA4SS with CXR (abnormal)

Sensitivity Specificity
Modi p——=—{ 0751020 0.97] Modi p——=— 0561026 0.83]
020 059 097 026 054 083
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Pregnant - Forest plot for
Top: W4SS then Xpert and Bottom: Xpert alone

Sensitivity Specificity

LaCourse I—I—l 0.31[0.10. 0.64] LaCourse H 1.00 [0.98, 1.00]

Modi I—I—| 0.42 [0.14, 0.76] Modi H 1.00 [0.96, 1.00]

Yoon |—-—| 0.50 [0.13, 0.87] Yoon |—-| 0.99 [0.90, 1.00]
0.10 0.68 0.90 097

Sensitivity Specificity

LaCourse I—I—l 0.43[016.0.75] LaCourse H 1.00 [0.98, 1.00]

Modi |—I—| 0.67 [0.30, 0.90] Modi I—I-I 0.98 [0.94, 1.00]

Yoon |—-—| 0.50 [0.13, 0.87] Yoon |—-| 0.99 [0.90, 1.00]
0.13 0.71 0.90 097
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Figure 8-4: Summary receiver operating characteristics curves in all participants and subgroups (for tests/strategies with >=2 studies

available)

Figure 8-4A - Summary receiver operating characteristics curves comparing each test and WHO four-symptom screen for the detection of tuberculosis in all participants
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Figure 8-4B - Summary receiver operating characteristics curves comparing each test and WHO four-symptom screen for the detection of tuberculosis in outpatients (on ART)
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Figure 8-4C - Summary receiver operating characteristics curves comparing each test and WHO four-symptom screen for the detection of tuberculosis in outpatients (not on ART)

268



269



270



271



272



Figure 8-4D - Summary receiver operating characteristics curves comparing each test and WHO four-symptom screen for the detection of tuberculosis in participants with a CD4 cell
count <=200 cells/uL
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Figure 8-4E - Summary receiver operating characteristics curves comparing each test and WHO four-symptom screen for the detection of tuberculosis in in participants with a CD4
cell count >200 cells/pL
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Figure 8-4F - Summary receiver operating characteristics curves comparing each test and WHO four-symptom screen for the detection of tuberculosis in pregnant participants
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Figure 8-5: Funnel plots (for tests/strategies with >=10 studies available)

Figure 8-5A - Funnel plots in all participants
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Figure 8-5B - Funnel plots in outpatients (on ART)
Figure 8-5C - Funnel plots in outpatients (not on ART)
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Figure 8-5D - Funnel plots in participants with a CD4 cell count <=200 cells/uL
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Figure 8-5E - Funnel plots in participants with a CD4 cell count >200 cells/pL
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8.2 Appendix for Chapter 3
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Table 8-13: Search terms

Database

Search terms

Pubmed

#1.

“HIV Infections” [MeSH] OR “HIV’[MeSH] OR “hiv’[tw] OR hiv infect*[tw] OR “human immunodeficiency virus”[tw] OR “human
immunedeficiency virus”[tw] OR “human immuno-deficiency virus”[tw] OR “human immune-deficiency virus”[tw] OR ((human
immun*) AND (“deficiency virus”[tw])) OR “acquired immunodeficiency syndrome”[tw] OR “acquired immunedeficiency
syndrome”[tw] OR “acquired immuno-deficiency syndrome”[tw] OR “acquired immune-deficiency syndrome”[tw] OR ((acquired
immun*) AND (“deficiency syndrome”[tw]))

#2.

"Tuberculosis"[Mesh] OR tuberculosis [TW] OR "Mycobacterium tuberculosis"[Mesh] OR TB [Ti]

#3

Screening* OR algorithm* OR “case finding” [TIAB] OR “case findings” [TIAB] OR sensitivit* OR specificit* OR predictor* OR
"Sensitivity and Specificity"[MeSH Terms] OR "Tuberculosis/diagnosis"[Mesh] OR "Mass Screening"[Mesh:NoExp]

#4.

("animals"[MeSH Terms] NOT ( "humans"[MeSH Terms] AND "animals"[MeSH Terms] )) OR case reports[Publication Type]

#5

#1 AND #2 AND #3 NOT #4

Limit: publication date from 2011/01/01

Embase

#1

'human immunodeficiency virus infection'/exp OR 'human immunodeficiency virus'/exp OR 'hiv':ti,ab OR 'human immunodeficiency
virus':ti,ab OR 'human immuno-deficiency virus':ti,ab OR 'human immunedeficiency virus':ti,ab OR 'human immune-deficiency
virus'"ti,ab OR 'acquired immune-deficiency syndrome'ti,ab OR 'acquired immunedeficiency syndrome':ti,ab OR 'acquired
immunodeficiency syndrome':ti,ab OR 'acquired immuno-deficiency syndrome':ti,ab

#2

‘tuberculosis‘/exp OR 'tuberculosis":ab,ti OR 'TB":ti OR 'Mycobacterium tuberculosis'/exp

#3

‘Screen’:ti,ab OR ‘Screening’:ti,ab OR ‘algorithm’:ti,ab OR ‘case finding’:ti,ab OR ‘case findings’:ti,ab OR sensitivit*:ti,ab OR
specificit*:ti,ab OR predictor*:ti,ab OR ‘sensitivity and specificity’/exp OR ‘case finding’/exp OR ‘Mass Screening’/exp OR
‘screening’/exp

#4

([animals)/lim NOT [humans}/lim)

#5

#1 AND #2 AND #3 NOT #4 AND [2011-]/py

Cochrane

#1.

“HIV Infections” [MeSH] OR “HIV’[MeSH] OR hiv OR hiv infect* OR “human immunodeficiency virus” OR “human
immunedeficiency virus”’OR “human immuno-deficiency virus” OR “human immune-deficiency virus” OR ((human immun*) AND
(“deficiency virus”)) OR “acquired immunodeficiency syndrome” OR “acquired immunedeficiency syndrome” OR “acquired
immuno-deficiency syndrome” OR “acquired immune-deficiency syndrome” OR ((acquired immun*) AND (“deficiency syndrome”))

#2.

"Tuberculosis"[Mesh] OR tuberculosis OR "Mycobacterium tuberculosis"[Mesh]

#3

Screening* OR algorithm* OR “case finding” OR “case findings” OR sensitivit* OR specificit* OR predictor* OR "Sensitivity and
Specificity"[MeSH Terms] OR "Tuberculosis/diagnosis"[Mesh] OR "Mass Screening"[Mesh:NoExp]

#4.

("animals"[MeSH Terms] NOT ( "humans"[MeSH Terms] AND "animals"[MeSH Terms] )) OR case reports[Mesh]

#5

#1 AND #2 AND #3 NOT #4

Limit: publication year from 2011-
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Table 8-14: Variables sought

Variable

Description

country

country where the study took place, or if multisite, country individual patient was recruited from

clinical setting

from {inpatient, outpatient, other, NA}

age patient’s age in years

sex patient’s sex {female, male, NA}
hiv status from {positive, negative, NA}

art status from {on art, not on art, NA}

history of tuberculosis

from {history of tuberculosis, no history of tuberculosis, NA}

current smoking status

from {currently smoking, not currently smoking, NA}

pregnancy status

from {pregnant, not pregnant, NA}

tuberculosis treatment status

from {currently on tuberculosis treatment, not currently on tuberculosis treatment, NA}

current ipt status

from {yes, no, NA}

current cough

from {yes, no, NA}

cough (more than 2 weeks)

from {yes, no, NA}

fever

from {yes, no, NA}

weight loss

from {yes, no, NA}

night sweats

from {yes, no, NA}

wiss

number of w4ss symptoms {0, 1, 2, 3, 4, NA}

body mass index

numerical value (weight/height*2)

lymphadenopathy

from {yes, no, NA}

cd4 count

numerical value (in cells/pL)

c-reactive protein level

numerical value (in mg/L)

haemoglobin

numerical value (in g/dl)

chest x-ray suggestive of
tuberculosis

from {yes, no, NA}

chest x-ray abnormal

from {yes, no, NA}

sputum xpert result

{positive, negative, NA}, indeterminate = negative

sputum culture result

{positive, negative, NA}, contaminated culture = negative

non-sputum xpert result

{positive, negative, NA}, indeterminate = negative

non-sputum culture result

{positive, negative, NA}, contaminated culture = negative

Definition of abbreviations: ART =

antiretroviral therapy, IPT = Isoniazid preventive therapy, W4SS = WHO four-symptom screen
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Table 8-15: Study-level characteristics

expectorate

expectorate

Liquid or
Author, year |Country i(t;:::))zj Study population Study setting Exclusion criteria Sputum culture Sputum Xpert solid 2‘;?;?2;;::;
culture
Bjerrum, 2015" |Ghana 2013- ART-naive inpatient PLHIV aged |1 hospital On ATT for >2 days in 3 1spotand 1 early |1 or2samples Both No
2014 218 years with WHO stage 3/4 or months before admission |morning samples
CD4 cell count <350 per uL or or unable to produce
pregnant admitted to the Fevers sputum or urine samples
Unit (infectious diseases ward)
Gupta-Wright, |South 2015- Inpatient PLHIV admitted to 2 hospitals On ATT, treated for TBin |- 1 spot sample, - Urine Xpert in
20182 Africa and 2017 medical wards previous 12 months, IPT in induced if physician intervention
Malawi previous 6 months, requested at 1 site group
admitted to hospital for >48
hours at time of screening
Heidebrecht, [South 2013- Inpatient PLHIV admitted to 1 hospital 23 doses of ATT 1 spot sample, 1 spot sample, Both No
20163 Africa 2013 medical wards induced if physician |induced if physician
requested requested
Huerga, 20214 |Malawi 2015- Inpatient PLHIV aged 215 years 1 hospital On ATT - 1 spot sample - -
2017 admitted to medical wards
Lawn, 2015°  [South 2012- Inpatient PLHIV aged 218 years 1 district hospital Current TB diagnosis 1 spotand 1 1 spotand 1 Liquid Blood culture,
Africa 2013 admitted to medical wards and/or were receiving ATT |induced samples, 2 |induced sample, 2 urine Xpert
at the time of admission induced if induced if (fresh and
necessary, if too necessary, if too frozen), other
unwell for induction [unwell for induction samples if
then 2 spot then 2 spot clinically
samples, additional [samples, additional indicated
samples according |samples according
to medical team to medical team
Thit, 2017° Myanmar [2015- Inpatient PLHIV admitted to 1 tertiary hospital - 1 spot sample, 1 spot sample, Solid No
2015 medical wards induced if unable to |induced if unable to

Definition of abbreviations: ART = antiretroviral therapy, ATT = anti-tuberculosis treatment, PLHIV = people living with HIV, TB = tuberculosis
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Table 8-16: Risk of bias results of studies that assessed proportion of HIV-positive inpatients eligible for Xpert

Domain Gupta-Wright, Huerga, 2021 Lawn, 2015 Heidebrecht, Bjerrum, 2015 Thit, 2017
2018 2016

1. Was the sarpple frame appropriate to address the Yes Yes Yes Yes NofY Yes
target population?q
2. Were _study participants recruited in an Yes Yes Yes Yes Yes Yes
appropriate way?§
3. W-e"i the study subjects and setting described in Yes Yes Yes Yes Yes Yes
detail?
4._V\_Ier¢_a valnq m_ethods used for the identification of Yes Yes Yes Yes Yes Yes
eligibility criteria?#
5. Was the response rate adequate (>80%)? No Yes Yes No Yes Yes

{[The sample frame was considered inappropriate if a certain group was used and the results were then inferred to the target population
{[fIFor Bjerrum et al (2015), study inclusion criteria were ART naive, WHO stage 3/4 or CD4 count <=350 per yL or pregnant
§Was recruitment conducted using a consecutive or random sample?

*Was the study sample described in sufficient detail so that other researchers can determine if it is comparable to the population of interest to them? For example, did the
study report age, gender, ART status, and CD4 count?

#Were eligibility items (i.e., WHO four-symptom screen) assessed based on existing definitions or diagnostic criteria?
Definition of abbreviations: ART = antiretroviral therapy
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Table 8-17: Risk of bias and applicability results on the QUADAS-2 criteria tool among studies with culture-based reference standard*

Domain Bjerrum, 2015 Heidzeot:rgcht, Lawn, 2015 Thit, 2017
Patient selection (Risk of Bias) Low Low Low Low
Index test (Risk of Bias){[ Low Low Low Low
Reference test (Risk of Bias)§ High High Low High
Flow and timing (Risk of Bias)# Low Low High Low
Patient selection (Applicability)t High Low Low Low
Index test (Applicability)} Low Low Low Low
Reference test (Applicability)t Low Low Low Low

*Assessment done for all index tests

f[Was a consecutive or random sample of patients enrolled? Did the study avoid inappropriate exclusions?

f[Were the index test results interpreted without knowledge of the results of the reference standard?

§ls the reference standard likely to correctly classify the target condition? For example, were both pulmonary and
extrapulmonary samples obtained? Were the reference standard results interpreted without knowledge of the results of the
index test?

#Was there an appropriate interval between index test(s) and reference standard? Did all patients receive a reference
standard? Did all patients receive the same reference standard? Were all patients included in the analysis?

tAre there concerns that the included patients (patient selection), index test, or target condition (reference standard) do not
match the review question?
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Table 8-18: Percentage of missing data for each variable by study+§

Gupta-Wright

Gupta-Wright

Variablet Bjerrum Interventiontt Controltt Heidebrecht Huerga Lawn Thit
Clinical setting 0 0 0 0 0 0 0
Age 0 0 0 0 0 0 0
Sex 0 0 0 1 0 0 0
ART status 0 0 0 2 4 0 0
History of tuberculosis 0 0 0 2 100 0 0
W4Ss* 0 0 0 0 0 0 0
Cough 1 0 0 1 0 1 0
Fever 4 0 0 0 1 1 0
Weight loss 1 0 0 0 1 0 0
Night sweats 0 0 0 2 0 1 0
Cough >=2 weeks 1 1 1 6 100 1 100
BMI 14 0 0 100 28 100 2
Lymphadenopathy 0 100 100 100 1 100 0
CD4 count 10 0 1 100 2 0 0
CRP 100 100 100 100 100 5 100
Haemoglobin 6 0 0 100 1 1 11
CXR (abnormal)** 100 100 100 100 57 100 4
Sputum Xpert*** 28 35 39 6 39 54 0
Non-sputum Xpert 100 1 100 100 100 2 100
Total Xpert*** 28 1 39 6 39 0
Sputum culture 0 100 100 16 100 50 0
Non-sputum culture 100 100 100 100 100 100
Total culture 0 100 100 16 100 0
Total (culture or Xpert) 0 1 39 0 39 0

1<5% missing (green), 5-95% missing (yellow), and >95% missing (red)

§Some datasets received in which some participants with missing data were already excluded

11Study by Gupta-Wright involved an intervention arm (systematically performed urine Xpert and sputum Xpert) and control arm (systematically performed sputum Xpert

only)

*Regarded as missing only if a subject had all four symptoms missing

**Study by Huerga et al has a high missing value for CXR (abnormal) because the study site at times had a lack of water and technicians to perform chest x-ray
***Study by Bjerrum et al has a high missing value for Xpert because Xpert only became available after study enrollment began
Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-

symptom screen
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Table 8-19: Summary of main characteristics for participants overall and by each study

300

Variablet All Bjerrum Istl:e':\t/:r‘ﬁ’igg::' Glg:::t':zlrﬁ_ht Heidebrecht Huerga Lawn Thit
Frequency 3660 (100) 69 (2) 1287 (35) 1287 (35) 156 (4) 387 (11) 420 (11) 54 (1)
Age (years) 37 (31-45) 37 (32-43) 38 (31-46) 38 (31-46) 36 (28-44) 38 (32-45) 36 (29-42) 33 (30-44)
N 3660 69 1287 1287 156 387 420 54
CD4 count (cells/pL) 205 (66-408) 41 (12-115) 231 (78-438) 222 (80-436) - 173 (51-370) 150 (56-312) 97 (42-264)
N 3479 62 1286 1279 - 380 418 54
CD4 <=200 cells/uL 1709 (49) 53 (85) 572 (44) 592 (46) - 205 (54) 252 (60) 35 (65)
N 3479 62 1286 1279 - 380 418 54
Female 2104 (58) 33 (48) 727 (56) 734 (57) 112 (72) 216 (56) 255 (61) 27 (50)
N 3659 69 1287 1287 155 387 420 54
On ART 2445 (67) 0(0) 926 (72) 935 (73) 82 (54) 305 (82) 175 (42) 22 (41)
N 3642 69 1287 1287 153 372 420 54
History of TB 902 (28) 5(7) 335 (26) 309 (24) 46 (30) - 190 (45) 17 (31)
N 3268 69 1287 1287 153 - 418 54
Current Smoker 293 (11) 1(2) 151 (12) 128 (10) - - - 13 (24)
N 2693 65 1287 1287 - - - 54
W4ss* 3306 (90) 69 (100) 1152 (90) 1164 (90) 144 (92) 349 (90) 382 (91) 46 (85)
N 3658 69 1287 1287 156 387 418 54
Cough 1945 (53) 48 (71) 651 (51) 681 (53) 111 (72) 230 (59) 199 (48) 25 (46)
N 3655 68 1287 1287 155 387 417 54
Fever 1969 (54) 46 (70) 753 (59) 747 (58) 98 (63) 228 (59) 62 (15) 35 (65)
N 3652 66 1287 1287 156 385 417 54
Weight loss 2638 (72) 65 (96) 906 (70) 875 (68) 117 (75) 277 (73) 356 (85) 42 (78)
N 3651 68 1287 1286 156 382 418 54
Night sweats 1490 (41) 29 (42) 497 (39) 540 (42) 76 (50) 154 (40) 171 (41) 23 (43)
N 3652 69 1287 1286 153 386 417 54
Cough >= 2 weeks 765 (24) 35 (51) 342 (27) 321 (25) 34 (23) - 33 (8) -

N 3172 68 1271 1270 147 - 416 -
Lymphadenopathy 58 (11) 8 (12) - - - 42 (11) - 8 (15)
N 508 69 - - - 385 - 54
CXR (abnormal) 130 (59) - - - - 100 (60) - 30 (58)
N 220 - - - - 168 - 52
Sputum Xpert + 305 (13) 9 (18) 85 (10) 82 (11) 35 (24) 33 (14) 57 (29) 4(7)
N 2291 50 832 779 146 235 195 54
Non-sputum Xpert + 163 (10) - 74 (6) - - - 89 (22) -

N 1681 - 1270 - - - 411 -
Total Xpert +§ 401 (14) 9 (18) 122 (10) 82 (11) 35 (24) 33 (14) 116 (28) 4(7)
N 2957 50 1279 779 146 235 414 54
Sputum culture + 106 (23) 13 (19) - - 31 (24) - 58 (28) 4(7)
N 463 69 - - 131 - 209 54
Non-sputum culture + 70 (17) - - - - - 70 (17) -

N 420 - - - - - 420 -
Total culture +{ 157 (23) 13 (19) - - 31 (24) - 109 (26) 4(7)




Gupta-Wright

Gupta-Wright

Variablet All Bjerrum Interventiontt Controltt Heidebrecht Huerga Lawn Thit

N 674 69 - - 131 - 420 54
Total Xpert & culture + 439 (15) 15 (22) 122 (10) 82 (11) 41 (26) 33 (14) 139 (33) 7(13)
N 2992 69 1279 779 156 235 420 54
BMI (kg/m2) 20 (18-24) 19 (17-21) 21 (18-24) 21 (18-24) - 18 (17-21) - 20 (17-21)
N 2966 59 1287 1287 - 280 - 53
CRP (mgl/L) 75 (18-157) - - - - - 75 (18-157) -

N 400 - - - - - 400 -
CRP (>=10 mg/L) 334 (84) - - - - - 334 (84) -

N 400 - - - - - 400 -
Hb, Median (g/dL) 10 (8-12) 7 (5-10) 11 (8-13) 11 (8-13) - 9 (7-11) 10 (8-12) 9 (7-11)
N 3481 65 1284 1285 - 385 414 48
Hb (<10 g/dL) 1574 (45) 50 (77) 544 (42) 505 (39) - 219 (57) 227 (55) 29 (60)
N 3481 65 1284 1285 - 385 414 48

tData are count (%) or median (25th-75th percentiles)

11Study by Gupta-Wright involved an intervention arm (systematically collected urine Xpert and sputum Xpert) and control arm (systematically collected sputum Xpert only)

*W4SS defined as one or more of the following: current cough, fever, night sweats, or weight loss

§Sputum and/or non-sputum Xpert result
{[Sputum and/or non-sputum culture result

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen

301




Table 8-20: Direct comparisons of the diagnostic accuracy (pooled sensitivity and specificity) between each screening test/strategy and WHO

four-symptom screen for the detection of tuberculosis

Table 8-20A: Direct comparisons of the diagnostic accuracy (pooled sensitivity and specificity) between each screening test/strategy and WHO four-symptom screen for the
detection of tuberculosis in all participants using culture as reference standardt

Index Test w4ss
No of N Sensitivity Specificity No of N Sensitivity Specificity

studies (95% CI) (95% CI) studies (95% CI) (95% ClI)
CRP (>=10 mg/L) 1 399 97 (91-99) 21 (17-26) 1 399 97 (91-99) 10 (7-14)
CRP (>=8 mgl/L) 1 399 97 (91-99) 18 (14-23) 1 399 97 (91-99) 10 (7-14)
CRP (>=5 mg/L) 1 399 98 (92-100) 12 (9-17) 1 399 97 (91-99) 10 (7-14)
CXR (abnormal) 1 52 75 (24-97) 44 (31-58) 1 52 90 (33-99) 17 (9-31)
Cough (any) 4 669 79 (58-91) 43 (31-57) 4 669 98 (93-100) 8 (4-14)
Cough (>=2 weeks) 3 608 28 (16-46) 80 (52-93) 3 608 98 (92-99) 5(1-17)
Hb (<10 g/dL) 3 525 78 (70-84) 40 (26-57) 3 525 98 (93-99) 8 (4-17)
Hb (<8 g/dL) 3 525 55 (46-64) 67 (50-81) 3 525 98 (93-99) 8 (4-17)
BMI (<18.5 kg/m?)§ 2 112 57 (32-79) 62 (44-78) 2 112 100 (85-100) 6 (2-18)
Lymphadenopathy§ 2 123 12 (3-37) 87 (68-96) 2 123 100 (83-100) 6 (2-18)
W4SS or CRP (>=10 mg/L)Y 1 399 100 (93-100) 5(3-8) 1 399 97 (91-99) 10 (7-14)
W4SS or CXR (abnormal){| 1 52 90 (33-99) 7 (3-19) 1 52 90 (33-99) 17 (9-31)
W4SS then CRP (>=5 mg/L){ 1 399 95 (89-98) 20 (16-25) 1 399 97 (91-99) 10 (7-14)

1Direct comparisons are based on all studies that evaluated both the W4SS and relevant screening test
§We computed binomial 95% Cls for W4SS sensitivity as all studies had 100% sensitivity
q[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first

screening test is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-20B: Direct comparisons of the diagnostic accuracy (pooled sensitivity and specificity) between each screening test/strategy and WHO four-symptom screen for the
detection of tuberculosis in all participants using Xpert as reference standardt

Index Test wW4ss
No ?f N Sensitivity Specificity No 9f N Sensitivity Specificity

studies (95% ClI) (95% ClI) studies (95% ClI) (95% ClI)
CRP (>=10 mg/L) 1 394 94 (87-97) 20 (16-25) 1 394 97 (92-99) 11 (8-15)
CRP (>=8 mgl/L) 1 394 94 (87-97) 17 (14-22) 1 394 97 (92-99) 11 (8-15)
CRP (>=5 mgl/L) 1 394 96 (91-99) 12 (9-16) 1 394 97 (92-99) 11 (8-15)
CXR (abnormal) 2 176 69 (41-88) 40 (33-48) 2 176 92 (61-99) 9 (5-14)
Cough (any) 6 2,173 84 (70-92) 46 (39-54) 6 2,173 99 (96-100) 10 (7-13)
Cough (>=2 weeks) 4 1,860 42 (22-65) 81 (67-90) 4 1,860 99 (96-100) 8 (4-17)
Hb (<10 g/dL) 5 2,013 72 (64-79) 48 (40-57) 5 2,013 99 (97-100) 9 (7-13)
Hb (<8 g/dL) 5 2,013 49 (41-58) 73 (67-79) 5 2,013 99 (97-100) 10 (7-13)
BMI (<18.5 kg/m?)§ 4 1,553 50 (42-57) 61 (49-71) 4 1,553 100 (98-100) 8 (5-13)
Lymphadenopathy 3 337 24 (14-38) 90 (86-93) 3 337 98 (86-100) 7 (4-10)
W4SS or CRP (>=10 mg/L)Y 1 394 100 (93-100) 5(3-8) 1 394 97 (92-99) 11 (8-15)
W4SS or CXR (abnormal){| 2 176 93 (54-99) 4 (2-9) 2 176 93 (54-99) 9 (5-14)
WA4SS then CRP (>=5 mg/L){ 1 394 94 (87-97) 20 (16-25) 1 394 97 (92-99) 11 (8-15)

1Direct comparisons are based on all studies that evaluated both the W4SS and relevant screening test
§Bivariate model did not converge; results from a univariate random-effects model. We computed binomial 95% Cls for W4SS sensitivity as all studies had

100% sensitivity

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first

screening test is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-21: Translation of pooled sensitivity and specificity estimates of different screening tests/strategies and diagnostic algorithms to a

population of 1000 persons

Table 8-21A: Translation of pooled sensitivity and specificity estimates of different screening tests/strategies and diagnostic algorithms to a population of 1000 persons using

culture as a reference standard§

Outcome of screening§§

Outcome of screening then diagnosis§§

Test T.I?tBaI TP+FP% TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS
5% prevalence
w4ss 50 932 49 883 67 1 5.3 98.5 - - - - - - -
CRP (>=10 mgl/L) 50 799 48 750 200 2 6.1 99.3 - - - - - - -
CRP (>=8 mg/L) 50 828 48 779 171 2 5.9 99.1 - - - - - - -
CRP (>=5 mg/L) 50 885 49 836 114 1 55 99.1 - - - - - - -
CXR (abnormal) 50 570 38 532 418 12 6.6 971 - - - - - - -
Cough (any) 50 581 40 542 408 10 6.8 97.5 - - - - - - -
Cough (>=2 weeks) 50 204 14 190 760 36 71 95.5 - - - - - - -
Hb (<10 g/dL) 50 599 38 560 390 12 6.4 97.1 - - - - - - -
Hb (<8 g/dL) 50 341 28 313 637 22 8.1 96.6 - - - - - - -
BMI (<18.5 kg/m?) 50 390 29 361 589 21 7.3 96.5 - - - - - - -
Lymphadenopathy 50 130 6 124 826 44 4.6 94.9 - - - - - - -
W4SS or CRP (>=10 mg/L){ 50 952 50 902 48 0 5.2 100 - - - - - - -
W4SS or CXR (abnormal){| 50 928 45 883 67 5 4.8 93 - - - - - - -
WA4SS then CRP (>=5 mg/L){ 50 808 48 760 190 2 5.9 98.7 - - - - - - -
WHO Xpert algorithm*t 50 - - - - - - - 38 884 66 12 36.4 98.7 26
Xpert alone*t 50 - - - - - - - 39 884 66 11 37 98.8 26
10% prevalence
w4ss 100 935 98 837 63 2 10.5 96.9 - - - - - - -
CRP (>=10 mg/L) 100 808 97 711 189 3 12 98.4 - - - - - - -
CRP (>=8 mg/L) 100 835 97 738 162 3 11.6 98.2 - - - - - - -
CRP (>=5 mg/L) 100 890 98 792 108 2 11 98.2 - - - - - - -
CXR (abnormal) 100 579 75 504 396 25 13 941 - - - - - - -
Cough (any) 100 592 79 513 387 21 13.3 94.9 - - - - - - -
Cough (>=2 weeks) 100 209 29 180 720 71 13.9 91 - - - - - - -
Hb (<10 g/dL) 100 608 77 531 369 23 12.7 94.1 - - - - - - -
Hb (<8 g/dL) 100 352 55 297 603 45 15.6 93.1 - - - - - - -
BMI (<18.5 kg/m?) 100 399 57 342 558 43 14.3 92.8 - - - - - - -
Lymphadenopathy 100 129 12 117 783 88 9.3 89.9 - - - - - - -
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Outcome of screening§§

Outcome of screening then diagnosis§§

Test T-?tBaI TP+FP} TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS
W4SS or CRP (>=10 mg/L)Y 100 955 100 855 45 10.5 100 - - - - - - -
W4SS or CXR (abnormal){ 100 927 90 837 63 10 9.7 86.3 - - - - - - -
W4SS then CRP (>=5 mg/L){ 100 815 95 720 180 11.7 97.3 - - - - - - -
WHO Xpert algorithm*t 100 - - - - - - - 76 837 63 24 54.7 97.2 13
Xpert alone*t 100 - - - - - - - 78 837 63 22 55.3 97.4 13
20% prevalence
W4SSs 200 940 196 744 56 4 20.9 93.3 - - - - - - -
CRP (>=10 mg/L) 200 826 194 632 168 6 23.5 96.6 - - - - - - -
CRP (>=8 mg/L) 200 850 194 656 144 6 22.8 96 - - - - - - -
CRP (>=5 mg/L) 200 900 196 704 96 4 21.8 96 - - - - - - -
CXR (abnormal) 200 598 150 448 352 50 251 87.6 - - - - - - -
Cough (any) 200 614 158 456 344 42 25.7 89.1 - - - - - - -
Cough (>=2 weeks) 200 218 58 160 640 142 26.6 81.8 - - - - - - -
Hb (<10 g/dL) 200 626 154 472 328 46 24.6 87.7 - - - - - - -
Hb (<8 g/dL) 200 374 110 264 536 90 294 85.6 - - - - - - -
BMI (<18.5 kg/m?) 200 418 114 304 496 86 27.3 85.2 - - - - - - -
Lymphadenopathy 200 128 24 104 696 176 18.8 79.8 - - - - - - -
W4SS or CRP (>=10 mg/L){ 200 960 200 760 40 0 20.8 100 - - - - - - -
W4SS or CXR (abnormal){ 200 924 180 744 56 20 19.5 737 - - - - - - -
W4SS then CRP (>=5 mg/L){ 200 830 190 640 160 10 229 941 - - - - - - -
WHO Xpert algorithm*t 200 - - - - - - - 152 744 56 48 73.1 93.9 7
Xpert alone*t 200 - - - - - - - 156 744 56 44 73.6 94.4 6
30% prevalence
wW4ss 300 945 294 651 49 6 311 89.1 - - - - - - -
CRP (>=10 mgl/L) 300 844 291 553 147 9 34.5 94.2 - - - - - - -
CRP (>=8 mg/L) 300 865 291 574 126 9 33.6 93.3 - - - - - - -
CRP (>=5 mg/L) 300 910 294 616 84 6 32.3 93.3 - - - - - - -
CXR (abnormal) 300 617 225 392 308 75 36.5 80.4 - - - - - - -
Cough (any) 300 636 237 399 301 63 37.3 82.7 - - - - - - -
Cough (>=2 weeks) 300 227 87 140 560 213 38.3 724 - - - - - - -
Hb (<10 g/dL) 300 644 231 413 287 69 35.9 80.6 - - - - - - -
Hb (<8 g/dL) 300 396 165 231 469 135 41.7 77.6 - - - - - - -
BMI (<18.5 kg/m?) 300 437 171 266 434 129 39.1 771 - - - - - - -
Lymphadenopathy 300 127 36 91 609 264 28.3 69.8 - - - - - - -
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Outcome of screening§§ Outcome of screening then diagnosis§§
Test T.?tBal TP+FP% TP FP TN FN PPV NPV TP TN FP FN PPV NPV NNS
W4SS or CRP (>=10 mg/L){ 300 965 300 665 35 0 311 100 - - - - - - -
W4SS or CXR (abnormal){ 300 921 270 651 49 30 29.3 62 - - - - - - -
WA4SS then CRP (>=5 mg/L){ 300 845 285 560 140 15 33.7 90.3 - - - - - - -
WHO Xpert algorithm*t 300 - - - - - - - 228 651 49 72 82.3 90 4
Xpert alone*t 300 - - - - - - - 234 651 49 66 82.7 90.8 4

§According to WHO screening & diagnostic algorithm, Xpert testing is advised if an inpatient has a positive W4SS (defined as one or more of the following: current cough, fever, night sweats, or weight
loss)

§§Estimated using the pooled point estimates for sensitivity and specificity for different tests/strategies

FTP+FP is the number of participants who screen positive (i.e., the number who need subsequent diagnostic testing)

qIFor parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is offered only if the first screening test is positive

*Accuracy measures for entire algorithm using sputum and/or urine Xpert result

1The test accuracy of Xpert in those who were W4SS positive was: 4 studies; 586 participants; sensitivity 0.78 (0.68-0.86), specificity 0.93 (0.87-0.96).

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, FN= false negative, FP = false positive, Hb = haemoglobin, NNS = number needed to screen, NPV =
negative predictive value, PPV = positive predictive value, TB = tuberculosis, TN = true negative, TP = true positive, W4SS = WHO four-symptom screen
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Table 8-21B: Translation of pooled sensitivity and specificity estimates of different screening tests/strategies to a population of 1000 persons using Xpert as a reference standard§

Outcome of screening§§
Test Total TB| TP+FPt| TP | FP [ TN | FN | PPV | NPV
5% prevalence
wW4SSs 50 904 49 855 95 1 5.4 99
CRP (>=10 mg/L) 50 807 47 760 190 3 5.8 98.4
CRP (>=8 mg/L) 50 836 47 788 162 3 5.6 98.2
CRP (>=5 mg/L) 50 884 48 836 114 2 54 98.3
CXR (abnormal) 50 604 34 570 380 16 57 96.1
Cough (any) 50 555 42 513 437 8 7.6 98.2
Cough (>=2 weeks) 50 201 21 180 770 29 10.4 96.4
Hb (<10 g/dL) 50 530 36 494 456 14 6.7 96.9
Hb (<8 g/dL) 50 271 24 247 703 26 8.9 96.4
BMI (<18.5 kg/m?) 50 396 25 370 580 25 6.3 95.9
Lymphadenopathy 50 107 12 95 855 38 11.2 95.7
W4SS or CRP (>=10 mg/L)Y 50 952 50 902 48 0 5.2 100
W4SS or CXR (abnormal){| 50 958 46 912 38 4 4.9 91.6
W4SS then CRP (>=5 mg/L){ 50 807 47 760 190 3 5.8 98.4
10% prevalence
wW4Sss 100 908 98 810 90 2 10.8 97.8
CRP (>=10 mg/L) 100 814 94 720 180 6 11.5 96.8
CRP (>=8 mg/L) 100 841 94 747 153 6 11.2 96.2
CRP (>=5 mg/L) 100 888 96 792 108 4 10.8 96.4
CXR (abnormal) 100 609 69 540 360 31 1.3 92.1
Cough (any) 100 570 84 486 414 16 14.7 96.3
Cough (>=2 weeks) 100 213 42 171 729 58 19.7 92.6
Hb (<10 g/dL) 100 539 71 468 432 29 13.2 93.7
Hb (<8 g/dL) 100 282 48 234 666 52 17 92.8
BMI (<18.5 kg/m?) 100 401 50 351 549 50 125 91.7
Lymphadenopathy 100 114 24 90 810 76 21.1 914
W4SS or CRP (>=10 mg/L){ 100 955 100 855 45 0 10.5 100
W4SS or CXR (abnormal){ 100 957 93 864 36 7 9.7 83.7
W4SS then CRP (>=5 mg/L){ 100 814 94 720 180 6 11.5 96.8
20% prevalence
W4ss 200 916 196 720 80 4 21.4 95.2
CRP (>=10 mg/L) 200 828 188 640 160 12 22.7 93
CRP (>=8 mg/L) 200 852 188 664 136 12 221 91.9
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Outcome of screening§§

Test Total TB | TP+FPt TP FP TN FN PPV NPV
CRP (>=5 mg/L) 200 896 192 704 96 8 21.4 92.3
CXR (abnormal) 200 618 138 480 320 62 223 83.8
Cough (any) 200 600 168 432 368 32 28 92
Cough (>=2 weeks) 200 236 84 152 648 116 35.6 84.8
Hb (<10 g/dL) 200 558 142 416 384 58 254 86.9
Hb (<8 g/dL) 200 304 96 208 592 104 31.6 85.1
BMI (<18.5 kg/m?) 200 412 100 312 488 100 24.3 83
Lymphadenopathy 200 128 48 80 720 152 37.5 82.6
W4SS or CRP (>=10 mg/L)Y 200 960 200 760 40 0 20.8 100
W4SS or CXR (abnormal){ 200 954 186 768 32 14 19.5 69.6
W4SS then CRP (>=5 mg/L){ 200 828 188 640 160 12 22.7 93

30% prevalence

W4ss 300 924 294 630 70 6 31.8 92.1
CRP (>=10 mg/L) 300 842 282 560 140 18 33.5 88.6
CRP (>=8 mgl/L) 300 863 282 581 119 18 32.7 86.9
CRP (>=5 mg/L) 300 904 288 616 84 12 31.9 87.5
CXR (abnormal) 300 627 207 420 280 93 33 75.1
Cough (any) 300 630 252 378 322 48 40 87
Cough (>=2 weeks) 300 259 126 133 567 174 48.6 76.5
Hb (<10 g/dL) 300 577 213 364 336 87 36.9 79.4
Hb (<8 g/dL) 300 326 144 182 518 156 442 76.9
BMI (<18.5 kg/m?) 300 423 150 273 427 150 35.5 74
Lymphadenopathy 300 142 72 70 630 228 50.7 734
W4SS or CRP (>=10 mg/L)Y 300 965 300 665 35 0 31.1 100
W4SS or CXR (abnormal){ 300 951 279 672 28 21 29.3 57.1
W4SS then CRP (>=5 mg/L){ 300 842 282 560 140 18 335 88.6

§§Estimated using the pooled point estimates for sensitivity and specificity for different tests/strategies

FTP+FP is the number of participants who screen positive (i.e., the number who need subsequent diagnostic testing)

q[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test
is offered only if the first screening test is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, FN= false negative, FP =
false positive, Hb = haemoglobin, NNS = number needed to screen, NPV = negative predictive value, PPV = positive
predictive value, TB = tuberculosis, TN = true negative, TP = true positive, W4SS = WHO four-symptom screen
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tuberculosis using an alternative reference standard of culture or Xpert*

Table 8-22: Sensitivity analyses of diagnostic accuracy (pooled sensitivity and specificity) for each screening test/strategy for the detection of

Sensitivity analyses 1*

Sensitivity analyses 2**

No of N Sensitivity | Specificity | No of N Sensitivity | Specificity
studies (95% ClI) (95% Cl) |studies (95% ClI) (95% ClI)
w4ss 6 2,211 | 99 (93-100) 9 (6-13) 4 697 | 97 (91-99) 8 (4-17)
CRP (>=10 mg/L) 1 400 | 94 (88-97) | 22 (17-27) 1 400 | 94 (88-97) | 22 (17-27)
CRP (>=8 mg/L) 1 400 | 94 (88-97) | 19 (14-24) 1 400 | 94 (88-97) | 19 (14-24)
CRP (>=5 mg/L) 1 400 | 96 (91-98) 13 (9-17) 1 400 | 96 (91-98) 13 (9-17)
CXR (abnormal) 2 176 | 69 (43-86) | 41 (33-48) 1 52 57 (23-86) | 42 (29-57)
Cough (any) 6 2,208 | 83(69-92) | 46 (37-55) 4 694 | 75(59-86) | 45 (33-58)
Cough (>=2 weeks) 4 1,895 | 41 (20-65) | 81 (62-92) 3 631 30 (14-53) | 81 (53-94)
Hb (<10 g/dL) 5 2,037 | 73(66-80) | 47 (37-58) 3 527 | 73(66-80) | 41 (29-56)
Hb (<8 g/dL) 5 2,037 | 53 (42-64) | 72 (63-80) 3 527 | 56 (34-77) | 68 (54-80)
BMI (<18.5 kg/m?) 4 1,571 | 50 (41-59) | 61 (49-71) 2 112 | 56 (33-76) | 63 (53-72)
Lymphadenopathy 3 356 | 22(13-35) | 90 (86-93) 2 123 14 (4-35) 87 (79-92)
W4SS or CRP (>=10 mg/L)Y 1 399 | 100 (94-100) 5(3-8) 1 399 | 100 (94-100) 5(3-8)
W4SS or CXR (abnormal){ 2 176 | 94 (66-99) 4 (2-9) 1 52 86 (42-98) 4 (1-16)
W4SS then CRP (>=5 mg/L){ 1 399 | 93(87-96) | 21 (17-26) 1 399 | 93(87-96) | 21 (17-26)

*Reference standard of culture or Xpert of sputum and/or other specimens
*Reference standard of culture or Xpert of sputum and/or other specimens among datasets that collected sputum for culture

{[For parallel strategies, two screening tests are offered at the same time. For sequential strategies, a second screening test is
offered only if the first screening test is positive

Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS =

WHO four-symptom screen
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Table 8-23: Diagnostic yield of different Xpert tests and sample types as a proportion of total microbiologically confirmed tuberculosis

casest
Study Bjerrumi (_3-upta-Wr_igh*t Gupta-Wri*ght Heidebrecht Huerga Lawn** Thit
intervention control
Total sample size 69 1287 1287 156 387 420 54
Microbiological sample available 69 1279 779 156 235 420 54
Microbiologically confirmedq 15 122 82 41 33 139 7
Sputum culture + (%) 13 (87%) - - 31 (76%) - 58 (42%) 4 (57%)
N 69 - - 131 - 209 54
Non-sputum culture + (%) - - - - - 70 (50%) -
N - - - - - 420 -
Total culture + (%) 13 (87%) - - 31 (76%) - 109 (78%) 4 (57%)
N 69 - - 131 - 420 54
Sputum Xpert + (%) 9 (60%) 85 (70%) 82 (100%) 35 (85%) 33 (100%) 57 (41%) 4 (57%)
N 50 832 779 146 235 195 54
Urine Xpert + (%) - 74 (61%) - - - 89 (64%) -
N - 1270 - - - 411 -
Total Xpert + (%) 9 (60%) 122 (100%) 82 (100%) 35 (85%) 33 (100%) 116 (83%) 4 (57%)
N 50 1279 779 146 235 414 54

tDenominator for % is microbiologically confirmed
1Study by Bjerrum et al has fewer samples collected for Xpert testing because Xpert only became available after study enrolilment began

*Study by Gupta-Wright et al (2018) involved an intervention arm (systematically collected concentrated urine Xpert and sputum Xpert) and control arm (systematically collected
sputum Xpert only)

**The number (%) of all microbiologically cases diagnosed with concentrated urine Xpert was 82 (59%; 402 participants) and with unconcentrated urine Xpert was 59 (42%; 405
participants).

{|Defined as any Xpert, or culture positive.
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Figure 8-6: Forest plots of sensitivity and specificity estimates for each screening test/strategy (C-reactive protein >=8 mg/L omitted)

Figure 8-6A: Forest plots of sensitivity and specificity estimates for each screening test/strategy using culture as a reference standard
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Forest plot for

Top: CRP (>=10 mg/L) and Bottom: CRP (>=5 mg/L)

Sensitivity

Lawn |—-—| 0.97 [0.92, 0.99]
092 097
Sensitivity

Lawn |—-—| 0.98 [0.93, 0.99]

0.93 0.98

Specificity

Lawn |—-—| 0.21[0.17, 0.26]

LI B I
0.17 0.22

Specificity

Lawn |—-—| 0.12[0.09, 0.17]

Fr T 11
0.08 0.13 0.17

312



Forest plot for
CXR (abnormal)

Sensitivity Specificity
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Forest plot for

Top: Cough (any) and Bottom: Cough (>=2 weeks)
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Forest plot for
Top: Hb (<10 g/dL) and Bottom: Hb (<8 g/dL)
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Forest plot for
BMI (<18.5 kg/m?)
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Forest plot for
Lymphadenopathy
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Forest plot for

Top: W4SS or CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)
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Forest plot for
WA4SS or CXR (abnormal)
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Sensitivity

Forest plot for

Top: WHO Xpert algorithm and Bottom: Xpert alone
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Figure S8-6B - Forest plots of sensitivity and specificity estimates for each screening test/strategy using Xpert as a reference standard
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Forest plot for

Top: CRP (>=10 mg/L) and Bottom: CRP (>=5 mg/L)
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Forest plot for
CXR (abnormal)
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Forest plot for

Top: Cough (any) and Bottom: Cough (>=2 weeks)
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Forest plot for
Lymphadenopathy
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Forest plot for

Top: W4SS or CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)
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Forest plot for

WA4SS or CXR (abnormal)
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Figure 8-7: Summary receiver operating characteristics curves for each screening test/strategy (for tests/strategies with >=4 studies

available)
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Figure 8-7A - Summary receiver operating characteristics curves for each screening test/strategy using culture as a reference standard
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Figure 8-7B - Summary receiver operating characteristics curves for each screening test/strategy using Xpert as a reference standard
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Figure 8-8: Plot comparing number of tuberculosis cases missed with number of Xpert tests required for different tuberculosis screening

tests when screening a population of 1000 personst
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TUsing a reference standard of Xpert. The dashed line represents the number of tuberculosis cases diagnosed when applying x Xpert tests at random among 1000 PLHIV. Tests
closer to the bottom left corner would offer a better trade-off between tuberculosis cases missed and Xpert tests required
Definition of abbreviations: BMI = body mass index, CRP = C-reactive protein, Hb = haemoglobin, PLHIV = people living with HIV, W4SS = WHO four-symptom screen
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8.3 Appendix for Chapter 4
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Table 8-24: Search terms

Database

Search terms

Pubmed

#1.

“HIV Infections” [MeSH] OR “HIV’[MeSH] OR “hiv’[tw] OR hiv infect*[tw] OR “human immunodeficiency virus’[tw] OR “human
immunedeficiency virus”[tw] OR “human immuno-deficiency virus”[tw] OR “human immune-deficiency virus’[tw] OR ((human
immun*) AND (“deficiency virus”[tw])) OR “acquired immunodeficiency syndrome”[tw] OR “acquired immunedeficiency
syndrome”[tw] OR “acquired immuno-deficiency syndrome”[tw] OR “acquired immune-deficiency syndrome”[tw] OR ((acquired
immun*) AND (“deficiency syndrome”[tw]))

#2.

"Tuberculosis"[Mesh] OR tuberculosis [TW] OR "Mycobacterium tuberculosis"[Mesh] OR TB [Ti]

#3

Screening* OR algorithm* OR “case finding” [TIAB] OR “case findings” [TIAB] OR sensitivit* OR specificit* OR predictor* OR
"Sensitivity and Specificity"[MeSH Terms] OR "Tuberculosis/diagnosis"[Mesh] OR "Mass Screening"[Mesh:NoExp]

#4.

("animals"[MeSH Terms] NOT ( "humans"[MeSH Terms] AND "animals"[MeSH Terms] )) OR case reports[Publication Type]

#5

#1 AND #2 AND #3 NOT #4

Limit: publication date from 2011/01/01

Embase

#1

'human immunodeficiency virus infection'/exp OR 'human immunodeficiency virus'/exp OR 'hiv':ti,ab OR 'human immunodeficiency
virus':ti,ab OR 'human immuno-deficiency virus':ti,ab OR 'human immunedeficiency virus':ti,ab OR 'human immune-deficiency
virus':ti,ab OR 'acquired immune-deficiency syndrome'ti,ab OR 'acquired immunedeficiency syndrome':ti,ab OR 'acquired
immunodeficiency syndrome':ti,ab OR 'acquired immuno-deficiency syndrome':ti,ab

#2

‘tuberculosis‘/exp OR 'tuberculosis":ab,ti OR 'TB":ti OR 'Mycobacterium tuberculosis'/exp

#3

‘Screen’:ti,ab OR ‘Screening’:ti,ab OR ‘algorithm’:ti,ab OR ‘case finding’:ti,ab OR ‘case findings’:ti,ab OR sensitivit*:ti,ab OR
specificit*:ti,ab OR predictor*:ti,ab OR ‘sensitivity and specificity’/exp OR ‘case finding'/exp OR ‘Mass Screening’/exp OR
‘screening’/exp

#4

([animals)/lim NOT [humans}/lim)

#5

#1 AND #2 AND #3 NOT #4 AND [2011-]/py

Cochrane

#1.

“HIV Infections” [MeSH] OR “HIV’[MeSH] OR hiv OR hiv infect* OR “human immunodeficiency virus” OR “human
immunedeficiency virus”’OR “human immuno-deficiency virus” OR “human immune-deficiency virus” OR ((human immun*) AND
(“deficiency virus”)) OR “acquired immunodeficiency syndrome” OR “acquired immunedeficiency syndrome” OR “acquired
immuno-deficiency syndrome” OR “acquired immune-deficiency syndrome” OR ((acquired immun*) AND (“deficiency syndrome”))

#2.

"Tuberculosis"[Mesh] OR tuberculosis OR "Mycobacterium tuberculosis"[Mesh]

#3

Screening* OR algorithm* OR “case finding” OR “case findings” OR sensitivit* OR specificit* OR predictor* OR "Sensitivity and
Specificity"[MeSH Terms] OR "Tuberculosis/diagnosis"[Mesh] OR "Mass Screening"[Mesh:NoExp]

#4.

("animals"[MeSH Terms] NOT ( "humans"[MeSH Terms] AND "animals"[MeSH Terms] )) OR case reports[Mesh]

#5

#1 AND #2 AND #3 NOT #4

Limit: publication year from 2011-
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Table 8-25: Variables sought

Variable Description

country country where the study took place, or if multisite, country individual patient was recruited from
clinical setting from {inpatient, outpatient, other, NA}

age patient’s age in years

sex patient’s sex {female, male, NA}

hiv status from {positive, negative, NA}

art status from {on art, not on art, NA}

history of tuberculosis

from {history of tuberculosis, no history of tuberculosis, NA}

current smoking status

from {currently smoking, not currently smoking, NA}

pregnancy status

from {pregnant, not pregnant, NA}

tuberculosis treatment status

from {currently on tuberculosis treatment, not currently on tuberculosis treatment, NA}

current ipt status

from {yes, no, NA}

current cough

from {yes, no, NA}

cough (more than 2 weeks)

from {yes, no, NA}

fever

from {yes, no, NA}

weight loss

from {yes, no, NA}

night sweats

from {yes, no, NA}

wéss

number of wé4ss symptoms {0, 1, 2, 3, 4, NA}

respiratory rate >30 bpm

from {yes, no, NA}

body temperature >39°C

from {yes, no, NA}

heart rate >120 bpm

from {yes, no, NA}

unable to walk unaided

from {yes, no, NA}

who danger signs

number of who danger signs {0, 1, 2, 3, 4, NA}

who stage 3 or 4

from {yes, no, NA}

body mass index

numerical value (weight/height’2)

lymphadenopathy

from {yes, no, NA}

cd4 count

numerical value (in cells/pL)

c-reactive protein level

numerical value (in mg/L)

haemoglobin

numerical value (in g/dI)

chest x-ray suggestive of
tuberculosis

from {yes, no, NA}

chest x-ray abnormal

from {yes, no, NA}

urine AlereLAM result

{positive, negative, NA}

urine FujiLAM result

{positive, negative, NA}

sputum xpert result

{positive, negative, NA}, indeterminate = negative

sputum culture result

{positive, negative, NA}, contaminated culture = negative

non-sputum xpert result

{positive, negative, NA}, indeterminate = negative

non-sputum culture result

{positive, negative, NA}, contaminated culture = negative

Definition of abbreviations: ART =

antiretroviral therapy, IPT = Isoniazid preventive therapy, W4SS = WHO four-symptom screen
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Table 8-26: Study-level characteristics

- AlereLAM
Author, c Study s . s . . I s s L|c:_ud|d or Non-sputum |reference .
year ountry period tudy population tudy setting |Exclusion criteria putum culture putum Xpert soli culture/Xpert |card FujiLAM
culture
(threshold)
Bjerrum, (Ghana 2013- ART-naive inpatient PLHIV 1 hospital On ATT for >2 days in |1 spotand 1 early |1 or 2 samples Both Urine Xpert Old (2) Yes
2015' 2014 aged 218 years with WHO 3 months before morning samples (biobanked) (biobanked)*
stage 3/4 or CD4 cell count admission or unable to
<350 per pL or pregnant produce sputum or
admitted to the Fevers Unit urine samples
(infectious diseases ward)
Gupta- |South 2015- Inpatient PLHIV admitted to 2 hospitals On ATT, treated for TB |- 1 spot sample, - Urine Xpertin |New (1) -
Wright, |Africaand (2017 medical wards in previous 12 months, induced if physician intervention
20182 Malawi IPT in previous 6 requested at 1 site group
months, admitted to
hospital for >48 hours
at time of screening
Huerga, [Malawi 2015- Inpatient PLHIV aged 215 1 hospital On ATT - 1 spot sample - - New (1) -
20213 2017 years admitted to medical
wards
Lawn, South 2012- Inpatient PLHIV aged 218 1 district Current TB diagnosis |1 spot and 1 1 spotand 1 Liquid Blood culture, |OId (2) Yes
20154 Africa 2013 years admitted to medical hospital and/or were receiving |induced samples, 2 |induced sample, 2 urine Xpert (biobanked)f
wards ATT at the time of induced if induced if (fresh and
admission necessary, if too necessary, if too frozen), other
unwell for induction [unwell for induction samples if
then 2 spot then 2 spot clinically
samples, additional |samples, additional indicated
samples according |samples according
to medical team to medical team
Thit, Myanmar |2015- Inpatient PLHIV admitted to 1 tertiary - 1 spot sample, 1 spot sample, Solid No New (1) -
2017° 2015 medical wards hospital induced if unable to |induced if unable to

expectorate

expectorate

*Follow up study by Bjerrum et al (2020)
{[Follow up study by Broger et al (2019)
Definition of abbreviations: ART = antiretroviral therapy, ATT = anti-tuberculosis treatment, PLHIV = people living with HIV, TB = tuberculosis
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Table 8-27: Risk of bias results of studies that assessed proportion of HIV-positive inpatients eligible for AlereLAM testing

Domain G“pt;‘(')‘:‘g'ght’ Huerga, 2021 | Lawn,2015 | Bjerrum,2015 | Thit, 2017

1. Was the sarpple frame appropriate to address the Yes Yes Yes Nof[q Yes
target population?q
2. Were study participants recruited in an
appropriate way?§ Yes Yes Yes Yes Yes
3. errci the study subjects and setting described in Yes Yes Yes Yes Yes
detail?
4. Were valid methods used for the identification of

Lo - Yes Yes Yes Yes Yes
eligibility criteria?#
5. Was the response rate adequate (>80%)? Not Yes Yes Yes Yes

{IThe sample frame was considered inappropriate if a certain group was used and the results were then inferred to the target population?
f[TIFor Bjerrum et al (2015), study inclusion criteria were ART naive and WHO stage 3/4, CD4 count <=350 per pL, or pregnant
§Was recruitment conducted using a consecutive or random sample?

*Was the study sample described in sufficient detail so that other researchers can determine if it is comparable to the population of interest to them?
For example, did the study report age, gender, ART status, and CD4 count?

#Were eligibility items (e.g WHO four-symptom screen and CD4 count) assessed based on existing definitions or diagnostic criteria?
Definition of abbreviations: ART = antiretroviral therapy
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Table 8-28: Risk of bias and applicability results on the QUADAS-2 criteria tool*

LF-LAM analyses

Screening test analyses#

Bjerrum, 2015 Gupt;(—)\:\lsright, Huerga, 2021 Lawn, 2015 Thit, 2017 Bjerrum, 2015 Guptza(-)\!l\lsl'ight, Huerga, 2021 Lawn, 2015 Thit, 2017
f;ﬂi";fsgi':g;r“ High High Low Low Low High High Low Low Low
:;d;i);;‘;;;] (Risk Low Low Low Low Low Low Low Low Low Low
Fé;ek' i’}";gé High High High Low High Low Low Low Low Low
::l';l’:l’( i’;“l'af;"s‘;gg Low High High Low Low Low Low Low Low Low
Z_\a;ﬁ?::;ilﬁt‘;t)i?n High Low Low Low Low High Low Low Low Low
:Zt:):)l(i::eaibtili ty)t Low Low Low Low Low Low Low Low Low Low
F:;::?c"ac;ﬁfys); Low Low Low Low Low Low Low Low Low Low

*Assessment done for all index tests.

#For the domain index test (risk of bias), the risk of bias was judged high for BMI as the index test (>20% missing data).

f|Was a consecutive or random sample of patients enrolled? Did the study avoid inappropriate exclusions?

f[fWere the index test results interpreted without knowledge of the results of the reference standard?

§ls the reference standard likely to correctly classify the target condition? For example, were both pulmonary and extrapulmonary samples obtained for LF-LAM analyses? Were the reference
standard results interpreted without knowledge of the results of the index test?

§§Was there an appropriate interval between index test(s) and reference standard? Did all patients receive a reference standard? Did all patients receive the same reference standard? Were
all patients included in the analysis?

TAre there concerns that the included patients (patient selection), index test, or target condition (reference standard) do not match the review question?
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Table 8-29: Percentage of missing data for each variable by studyt§

Variablet Bjerrum Is:;‘:\‘[:mﬂg:;_ Glg:::t':lg;‘ﬁht Huerga Lawn Thit
Clinical setting 0 0 0 0 0 0
Age 0 0 0 0 0 0
Sex 0 0 0 0 0 0
ART status 0 0 0 4 0 0
History of tuberculosis 0 0 0 100 0 0
WHO symptoms* 0 0 0 0 0 0
Cough 1 0 0 0 1 0
Fever 4 0 0 1 1 0
Weight loss 1 0 0 1 0 0
Night sweats 0 0 0 0 1 0
Cough >=2 weeks 1 1 1 100 1 100
BMI 14 0 0 28 100 2
Lymphadenopathy 0 100 100 1 100 0
WHO-defined danger sign** 100 0 0 0 100 100
WHO stage 4 100 100 100 100 0
CD4 count 10 0 1 2 0 0
CRP 100 100 100 100 5 100
Haemoglobin 6 0 0 1 1 1
CXR (any abnormality)# 100 100 100 57 100 4
CXR (suggests tuberculosis) 100 100 100 100 100 100
AlereLAM 0 1 100 1 2 0
FujiLAM 3 100 100 100 2 100
Sputum Xpert## 28 35 39 39 54 0
Non-sputum Xpert 20 1 100 100 2 100
Total Xpert## 4 1 39 39 0
Sputum culture 0 100 100 100 50 0
Non-sputum culture 100 100 100 100 0 100
Total culture 0 100 100 100 0
Total (culture or Xpert) 0 1 39 39 0 0

1<5% missing (green), 5-95% missing (yellow), and >95% missing (red)
§Some datasets received in which some participants with missing data were already excluded

t1Study by Gupta-Wright involved an intervention arm (systematically performed AlereLAM, urine Xpert and sputum Xpert) and control arm
(systematically performed sputum Xpert only)

*Regarded as missing only if a subject had all four symptoms missing

**Regarded as missing only if a subject had all four WHO-defined danger signs missing. WHO-defined danger sign defined as one or more of the
following: respiratory rate >30 breaths/min, body temperature >39°C, heart rate >120 beats/min, or unable to walk unaided

#Study by Huerga et al has a high missing value for CXR (abnormal) because the study site at times had a lack of water and technicians to perform
chest x-ray

##Study by Bjerrum et al has a high missing value for Xpert because Xpert only became available after study enroliment began

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin,
W4SS = WHO four-symptom screen
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Table 8-30: Summary of main characteristics for participants overall and by each study

Gupta-Wright

Gupta-Wright

Variablet All Bjerrum Interventiontt Controltt Huerga Lawn Thit
Frequency 3504 (100) 69 (2) 1287 (37) 1287 (37) 387 (11) 420 (12) 54 (2)
Age (years) 38 (31-46) 37 (32-43) 38 (31-46) 38 (31-46) 38 (32-45) 36 (29-42) 33 (30-44)
N 3504 69 1287 1287 387 420 54
CD4 count (cells/pL) 205 (66-408) 41 (12-115) 231 (78-438) 222 (80-436) 173 (51-370) 150 (56-312) 97 (42-264)
N 3479 62 1286 1279 380 418 54
CD4 <=200 cells/uL 1709 (49) 53 (85) 572 (44) 592 (46) 205 (54) 252 (60) 35 (65)
N 3479 62 1286 1279 380 418 54
Female 1992 (57) 33 (48) 727 (56) 734 (57) 216 (56) 255 (61) 27 (50)
N 3504 69 1287 1287 387 420 54
On ART 2363 (68) 0(0) 926 (72) 935 (73) 305 (82) 175 (42) 22 (41)
N 3489 69 1287 1287 372 420 54
History of TB 856 (27) 5(7) 335 (26) 309 (24) - 190 (45) 17 (31)
N 3115 69 1287 1287 - 418 54
Current Smoker 293 (11) 1(2) 151 (12) 128 (10) - - 13 (24)
N 2693 65 1287 1287 - - 54
Positive W4SS* 3162 (90) 69 (100) 1152 (90) 1164 (90) 349 (90) 382 (91) 46 (85)
N 3502 69 1287 1287 387 418 54
Cough 1834 (52) 48 (71) 651 (51) 681 (53) 230 (59) 199 (48) 25 (46)
N 3500 68 1287 1287 387 417 54
Fever 1871 (54) 46 (70) 753 (59) 747 (58) 228 (59) 62 (15) 35 (65)
N 3496 66 1287 1287 385 417 54
Weight loss 2521 (72) 65 (96) 906 (70) 875 (68) 277 (73) 356 (85) 42 (78)
N 3495 68 1287 1286 382 418 54
Night sweats 1414 (40) 29 (42) 497 (39) 540 (42) 154 (40) 171 (41) 23 (43)
N 3499 69 1287 1286 386 417 54
Cough >= 2 weeks 731 (24) 35 (51) 342 (27) 321 (25) - 33 (8) -

N 3025 68 1271 1270 - 416 -
Lymphadenopathy 58 (11) 8(12) - - 42 (11) - 8 (15)
N 508 69 - - 385 - 54
WHO-defined danger sign** 678 (23) - 277 (22) 275 (21) 126 (33) - -

N 2961 - 1287 1287 387 - -
WHO stage 3 or 4 96 (80) 65 (98) - - - - 31 (57)
N 120 66 - - - - 54
CXR (any abnormality) 130 (59) - - - 100 (60) - 30 (58)
N 220 - - - 168 - 52
AlereLAM + 368 (17) 18 (26) 158 (12) - 101 (26) 56 (14) 35 (65)
N 2191 69 1275 - 382 411 54
FujiLAM + 141 (30) 26 (39) - - - 115 (28) -

N 477 67 - - - 410 -
Sputum Xpert + 270 (13) 9(18) 85 (10) 82 (11) 33 (14) 57 (29) 4(7)
N 2145 50 832 779 235 195 54
Non-sputum Xpert + 168 (10) 5(9) 74 (6) - - 89 (22) -

N 1736 55 1270 - - 411 -
Total Xpert +§ 369 (13) 12 (18) 122 (10) 82 (11) 33 (14) 116 (28) 4(7)
N 2827 66 1279 779 235 414 54
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Variablet All Bjerrum I‘::;’:::‘[mggl;_tr Glé':::;:’g{_;_%ht Huerga Lawn Thit
Sputum culture + 75 (23) 13 (19) - - - 58 (28) 4(7)
N 332 69 - - - 209 54
Non-sputum culture + 70 (17) - - - - 70 (17) -

N 420 - - - - 420 -
Total culture +{ 126 (23) 13 (19) . . . 109 (26) 4(7)
N 543 69 - - - 420 54
Total Xpert & culture + 401 (14) 18 (26) 122 (10) 82 (11) 33 (14) 139 (33) 7 (13)
N 2836 69 1279 779 235 420 54
BMI (kg/m2) 20 (18-24) 19 (17-21) 21 (18-24) 21 (18-24) 18 (17-21) = 20 (17-21)
N 2966 59 1287 1287 280 - 53
CRP (mg/L) 75 (18-157) - - - - 75 (18-157) -

N 400 - - - - 400 -
CRP (>=10 mg/L) 334 (84) . . . - 334 (84) =

N 400 - - - - 400 -
Hb, Median (g/dL) 10 (8-12) 7 (5-10) 11 (8-13) 11 (8-13) 9 (7-11) 10 (8-12) 9 (7-11)
N 3481 65 1284 1285 385 414 48
Hb (<10 g/dL) 1574 (45) 50 (77) 544 (42) 505 (39) 219 (57) 227 (55) 29 (60)
N 3481 65 1284 1285 385 414 48

tData are count (%) or median (25th-75th percentiles)

11Study by Gupta-Wright involved an intervention arm (systematically collected AlereLAM, urine Xpert and sputum Xpert) and control arm (systematically collected sputum Xpert only)
*W4SS defined as one or more of the following: current cough, fever, night sweats, or weight loss

**WHO-defined danger sign defined as one or more of the following: respiratory rate >30 breaths/min, body temperature >39°C, heart rate >120 beats/min, or unable to walk unaided
§Sputum and/or non-sputum Xpert result

{[Sputum and/or non-sputum culture result

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, CXR = chest X-ray, Hb = haemoglobin, W4SS = WHO four-symptom screen
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Table 8-31: Direct comparisons of proportion of W4SS alone with proportion of W4SS in combination with different components of the

WHO AlereLAM inpatient algorithm to determine eligibility AlereLAM testing*

Combination§{] Positive W4SS f?;f:mges

No_ N No screen Prevalence % No_ N No screen Prevalence % | Difference

studies positive (95% CI)t studies positive (95% CI)t (95% CI)t

Positive W4SS 5 3,502 3,162 90 (89-91)

Positive W4SS or CD4 <=200 cells/pL 5 3,477 3,225 93 (91-95) 5 3,477 3,137 90 (89-91) 3(2-4)
Positive W4SS or WHO-defined danger sign 2 2,961 2,691 91 (90-92) 2 2,961 2,665 90 (89-91) 1(0-3)
Positive W4SS or WHO stage 3 or 4** 1 54 48 89 (77-95) 1 54 46 85 (73-92) 4 (1-14)
Positive W4SS or CD4 <=200 cells/uL or WHO-defined danger sign 2 2,945 2,735 93 (92-94) 2 2,945 2,649 90 (89-91) 3 (2-5)
Positive W4SS or CD4 <=200 cells/yL or WHO stage 3 or 4** 1 54 50 93 (82-97) 1 54 46 85 (73-92) 7 (3-18)

*According to WHO screening & diagnostic algorithm, AlereLAM testing for tuberculosis is advised if an inpatient has a positive W4SS (defined as one or more of the following: current cough,
fever, night sweats, or weight loss), a CD4 count <= 200 cells/uL, is WHO stage 3 or 4, or has a WHO-defined danger sign (defined as one or more of the following: respiratory rate >30
breaths/min, body temperature >39°C, heart rate >120 beats/min, or unable to walk unaided)

§Combinations are dependent on available variables

{IScreening combination is either variable positive

tCalculated using meta-analysis of proportions

**One study by Bjerrum et al (2015) excluded from analysis as WHO stage 3 or 4 was part of inclusion criteria
Definition of abbreviations: W4SS = WHO four-symptom screen
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Table 8-32: Diagnostic yield of different diagnostic tests and sample types as a proportion of total microbiologically confirmed tuberculosis

casest

Gupta-Wright

Gupta-Wright

Study intervention® control* Huerga Lawn™

Total sample size 1287 1287 387 420
Microbiological sample available 1282 779 385 420
Microbiologically confirmed tuberculosisq 209 82 115 143
Sputum culture + (%) - - - 58 (41%)
N - - - 209
Non-sputum culture + (%) - - - 70 (49%)
N - - - 420
Total culture + (%) - - - 109 (76%)
N - - - 420
Sputum Xpert + (%) 85 (41%) 82 (100%) 33 (29%) 57 (40%)
N 832 779 235 195
Urine Xpert + (%) 74 (35%) - - 89 (62%)
N 1270 - - 411
Total Xpert + (%)§ 122 (58%) - - 116 (81%)
N 1279 - - 414
Culture or Xpert + (%) 122 (58%) 82 (100%) 33 (29%) 139 (97%)
N 1279 779 235 420
Urine AlereLAM + (%) 158 (76%) - 101 (88%) 56 (39%)
N 1275 - 382 411
Urine FujiLAM + (%) - - - 115 (80%)
N - - - 410
Urine AlereLAM or urine Xpert + (%)§ 179 (86%) - - 99 (69%)
N 1275 - - 411
Urine AlereLAM or sputum Xpert + (%)§ 196 (94%) - 115 (100%) 87 (61%)
N 1282 - 385 414
Urine FujiLAM or sputum Xpert + (%)§ - - - 131 (92%)
N - - - 413

tDenominator for % is microbiologically confirmed

*Study by Gupta-Wright et al (2018) involved an intervention arm (systematically collected AlereLAM, urine Xpert, and
sputum Xpert) and control arm (systematically collected sputum Xpert only)

**The number (%) of all microbiologically cases diagnosed with concentrated urine Xpert was 82 (57%; 402 participants)

and with unconcentrated urine Xpert was 59 (41%; 405 participants).

{iDefined as any AlereLAM, Xpert, or culture positive.
§Yield calculated only if study collected all combination tests of interest
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Table 8-33: The association between WHO-defined danger signs and tuberculosist*

Unadjusted OR

Adjusted OR

Variable** N (95% Cl) N (95% Cl)
Any WHO-defined danger sign 1667 2.62 (2.01-3.43)
Individual WHO-defined danger signs
Inability to walk unaided 1282 3.33 (2.25-4.92) 1277 3.15(2.1-4.72)
Respiratory rate >30 breaths/min 1279 1.86 (1-3.47) 1277 0.93 (0.44-1.96)
Heart rate >120 beats/min 1280 4.04 (2.68-6.09) 1277 3.31(2.13-5.13)
Body temperature >39°C 1282 [19.41 (5.29-71.18) | 1277 |10.49 (2.61-42.14)

TDefinition of tuberculosis is a positive AlereLAM or sputum Xpert
*In the trial by Gupta-Wright et al (2018), we only included the intervention arm, which collected sputum
and urine for Xpert and urine for AlereLAM, and the 2 study sites were considered as separate cohorts
**For the analysis of any WHO-defined danger sign, both studies by Gupta-Wright et al (2018) and Huerga
et al (2021) contributed to the analysis. For each individual danger sign, only the study by Gupta-Wright et
al contributed to the analysis because it was the only study with available data on each individual danger

sign

Definition of abbreviations: OR = Odds ratio
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Figure 8-9: Study flow diagram
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Figure 8-10: Forest plots of studies reporting proportion of inpatients eligible for AlereLAM testing according to WHO AlereLAM inpatient

algorithm
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Random-effects meta-analysis of proportion studies reporting screen positivity by
W455 or CD4 <=200 cells/pL in HIV-infected inpatients
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Random-effects meta-analysis of proportion studies reporting screen positivity by
W455 or WHO-defined danger signs in HIV-infected inpatients
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Random-effects meta-analysis of proportion studies reporting screen positivity by
W455 or WHO stage 3 or 4 in HW-infected inpatients
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Random-effects meta-analysis of proportion studies reporting screen positivity by
W455 or CD4 <=200 cells/puL or WHO-defined danger signs in HIV-infected inpatients

Proportion eligible
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Random-effects meta-analysis of proportion studies reporting screen positivity by
W455 + CDd4 <=200 cells/pL + WHO stage 3 or 4 in HIV-infected inpatients

Proportion eligible
Study Events Total for AlereLAM testing a5% CI

Thit 50 54 : 0.93 [0.82; 0.98]
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Figure 8-11: Forest plots of sensitivity and specificity estimates

Figure 8-11A: Forest plots of sensitivity and specificity estimates for each screening test/strategy using AlereLAM as a reference standard
Forest plot for

Sensitivity

Bjerrum

Gupta-Wright

Huerga

Lawn

Thit

067 0.83

=
-
—
—=]
F—=
I

1.00

0.97 [0.79, 1.00]

0.97 [0.93, 0.99]

0.91[0.83, 0.95]

0.96 [0.87, 0.99]

0.82 [0.67, 0.91]

W4SS

Specificity

Bjerrum

Gupta-Wright

Huerga

Lawn

Thit

355

—

I
b=
=]

]

0.00

0.17 0.33

0.01 [0.00, 0.09]

0.12 [0.10, 0.14]

0.10 [0.07, 0.15]

0.10 [0.07, 0.13]

0.12 [0.04, 0.33]



Forest plot for

Top: CRP (>=10 mg/L) and Bottom: CRP (>=5 mg/L)
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Forest plot for
CXR (abnormal)
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Forest plot for

Top: Cough (any) and Bottom: Cough (>=2 weeks)

Sensitivity

Bjerrum |—-—| 0.82[0.61, 0.94]
Gupta-Wright |--| 0.62 [0.56, 0.70]
Huerga I—-—I 0.65 [0.56, 0.74]
Lawn |—-—| 056 [0.43, 0 69
Thit |—-—| 043 [0 .28, 059

Fr T
0.28 0.78

Sensitivity

Bjerrum |—-—| 067 [0 44, 0.84]

0.41[0.34, 0.49]

Gupta-Wright I-I-I
Lawn I-I—I

Frrr
0.06 0.64

0.12[0.06, 0.24]

Specificity

Bjerrum |—I—| 0.34 [0.22, 0.48]

Gupta-Wright H 0.51 [0.48, 0.54]

Huerga I--I 0.43 [0.37, 0.49]

Lawn I--l 054 [049, 0 59
Thit |—-—| 047 [0.27, 0 68]

T 111
0.22 0.57

Specificity

054 [040, 0 67]

Bjerrum |—I—|

Gupta-Wright H 0.75[0.72, 0.78]
Lawn H 0.92[0.90, 0.95]
0.40 0.81

358



Sensitivity

Top: Hb (<10 g/dL) and Bottom: Hb (<8 g/dL)

Bjerrum

|—-| 0.88 [0.66,

0.97]

Gupta-Wright |--| 0.73 [0.66, 0.80]
Huerga I—-—I 0.68 [0.58, 0.76]
Lawn I—I-l 0.88 [0.76. 0.94]
Thit |—I—| 062 [0.45 0.77]
0.45 0.84
Sensitivity
Bjerrum |—I—| 0.65 [0.41, 0.83]

Gupta-Wright

Huerga

Lawn

Thit

]
-

-

Fr T

0.16

0.42[0.35,

0.40 [0.31,

I—I—l 066 [0.53,

0.66

028 [0 16,

0.50]

0.50]

077

0 .45]

Forest plot for

359

Specificity

Bjerrum |—I—| 0.27[017, 0.41]
Gupta-Wright H 0.62 [0.59, 0.65]
Huerga I--I 0.48 [0.42, 0.54]
Lawn I--l 0.51[0 46, 0 56]
Thit I—I—| 0.44 [0.23, 0.67]
0.17 0.54
Specificity
Bjerrum I—I—| 0.48 [0.34, 0.62]
Gupta-Wright H 0.81[0.78, 0.83]
Huerga I--I 0.71 [0.66, 0.76]
Lawn I--l 076 [0 71.080]
Thit |—I—| 0.62 [0.39, 0.82]

I I B |

0.34

0.71



Sensitivity

Forest plot for
BMI (<18.5 kg/m?)

Specificity

Bjerrum

Gupta-Wright

Huerga

Thit

0.19

I}

0.52

0.85

0.67 [0.42, 0.85]

0.58 [0.50, 0.65]

0.55[0.43, 0.67]

0.32[0.19, 0.49]

Bjerrum

Gupta-Wright

Huerga

Thit

360

0.41

0.61

0.81

0.61[0.47, 0.74]

0.72 [0.70, 0.75]

0.50[0.43, 0.57]

0.63 [0.41, 0.81]



Forest plot for
Lymphadenopathy
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Forest plot for

WHO-defined danger sign
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Forest plot for

Top: CD4 count <=200 cells/pL and Bottom: W4SS or CD4 count <=200 cells/uL
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Forest plot for

Top: W4SS or CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)
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Forest plot for
WA4SS or CXR (abnormal)
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Figure 8-11B - Forest plots of sensitivity and specificity estimates for each screening test/strategy using FujiLAM as a reference standard
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Forest plot for

Top: CRP (>=10 mg/L) and Bottom: CRP (>=5 mg/L)
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Forest plot for
Top: Cough (any) and Bottom: Cough (>=2 weeks)
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Forest plot for
Top: Hb (<10 g/dL) and Bottom: Hb (<8 g/dL)
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Forest plot for
BMI (<18.5 kg/m?)
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Forest plot for

Lymphadenopathy
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Forest plot for

Top: CD4 count <=200 cells/pL and Bottom: W4SS or CD4 count <=200 cells/uL
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Forest plot for

Top: W4SS or CRP (>=10 mg/L) and Bottom: W4SS then CRP (>=5 mg/L)
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Figure 8-11C - Forest plots of sensitivity and specificity estimates forFeachtfolr ??Ch LF-LAM strategy using culture or Xpert as a reference standard
orest plot for

Top: WHO AlereLAM algorithm and Bottom: AlereLAM alone
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Figure 8-12: Summary receiver operating characteristics curves (for tests/strategies with >=4 studies available)

Figure 8-12A - Summary receiver operating characteristics curves for each screening test/strategy using AlereLAM as a reference standard
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Figure 8-13 - Summary receiver operating characteristics curves for each LF-LAM strategy using culture or Xpert as a reference standard
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Figure 8-13: Plot comparing number of AlereLAM positive tuberculosis cases missed with number of AlereLAM tests required for different

tuberculosis screening tests when screening a population of 1000 persons+
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8.4 Appendix for Chapter 5
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Supplementary methods

Sample size calculations

To ensure the development of a robust prediction model, sample size calculations are provided for active tuberculosis as a binary outcome to target (B1) a precise overall outcome
proportion estimate, (B2) a small mean absolute prediction error, (B3) a shrinkage factor of 0.9, and (B4) small optimism of 0.05 in the apparent R?. We used the pmsampsize
package in R for criteria B1, B3, and B4. We assumed an anticipated value of 0.114 for R?Cox-Snell. We derived R?Cox-Snell from a C-statistic of 0.80 for CRP, which we
considered the minimum anticipated performance. We chose the overall proportion of tuberculosis as 0.14.Using 58 predictor parameters, at least 4,283 participants are required,
corresponding to 600 events (where the prevalence of tuberculosis is 0.14) and events per candidate predictor parameter of 10.3. Based on these criteria, the study sample size
(4,315) was considered sufficient.

Missing data

We used the mice package in R to perform single-level multiple imputation within each cohort to deal with missing data.[1] For the imputation model, we included all variables
(including transformations and the outcome) that were included in the CPM, as well as auxiliary variables. We first log-transformed CRP (log(C-reactive protein)) and CD4 count
(log(CD4 count + 1)) and then scaled all continuous variables by subtracting the mean of the original variable from the raw value and dividing by the standard deviation of the
original variable. For imputation methods, we used predictive mean matching for continuous variables, logistic regression for binary variables, polytomous regression for
categorical variables and proportional odds model for ordered categorical variables.[2] We compared the distribution of imputations with the distribution of observed values and
visually examined diagnostic plots to check for algorithm convergence. We created 10 imputed datasets. All further analyses were performed in each of the 10 imputed datasets.
We pooled subsequent model and validation parameters using Rubin’s rules.[3]
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Table 8-34: Study-level characteristics

Author, Study . . — . I Liquid or
year Country period Study population Study setting Case-finding |Exclusion criteria Sputum culture solid culture
Boyles, South Africa |2018- PLHIV with 21 W4SS 1 community health Passive On ATT or received antibiotics <14 |2 samples, induced if |Liquid
2020[4] 2019 symptom clinic days necessary
Lawn, South Africa |2010- ART-naive PLHIV aged 218 |1 community-based Active No current TB diagnosis 2 spot samples with = |Liquid
2013[5] 2011 years ART clinic 1 induced
Reeve, South Africa [2017- ART-naive PLHIV aged 218 |1 outpatient clinic Active On ATT <60 days before or has 2 spot samples, Liquid
2019[6] 2020 years unknown treatment status majority induced
Shapiro, South Africa |2014- ART-naive PLHIV aged 218 |1 urban HIV clinic Active - 2 samples, induced if |Liquid
2018[7] 2015 years necessary
Theron, South Africa |2016- PLHIV aged 218 years with |2 primary health clinics |Passive On ATT <2 months before or has 1 sample, induced if  |Liquid
unpublished 2020 =1 W4SS symptom (Scottsdene and unknown treatment status necessary

Wallacedene)
Yoon, Uganda 2013- ART-naive PLHIV aged 218 |2 HIV clinics in Kampala |Active Diagnosis of active tuberculosis, 2 spot samples, 2nd Both
2018[8] 2016 years with CD4 cell count (MJAP and TASO) taking ATT (anti-TB or TB preventive |induced if necessary

<350 per pyL

therapy, fluoroquinolones) <3 days
before

Definition of abbreviations: ART = antiretroviral therapy, ATT = anti-tuberculosis treatment, PLHIV = people living with HIV, TB = tuberculosis
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Table 8-35: Summary of main characteristics for all participants and by each study

Variable Overallt Boyles Lawn Reeve Shapiro Theron_Scotts Theron_Wallac Yoon_MJAP Yoon_TASO
dene edene

Participants 4315 (100) 207 (5) 602 (14) 831 (19) 439 (10) 112 (3) 329 (8) 1612 (37) 183 (4)

Demographics

Active case-finding 3667 (85) 0(0) 602 (100) 831 (100) 439 (100) 0(0) 0(0) 1612 (100) 183 (100)

N 4315 207 602 831 439 112 329 1612 183

Age (years) 33.2 (27-40) 36 (31-41)  33.2(27.7-40.6) 32 (26-39) 31.7 (26.5-39.2) 37 (32-44) 37 (31-44) 33 (27-40) 33 (26-40)

N 4315 207 602 831 439 112 329 1612 183

Female 2381 (55) 69 (33) 402 (67) 493 (59) 257 (59) 65 (58) 155 (47) 841 (52) 99 (54)

N 4315 207 602 831 439 112 329 1612 183

HIV history

On ART 380 (9) 80 (39) 0(0) 0(0) 0(0) 55 (49) 245 (74) 0 (0) 0 (0)

N 4315 207 602 831 439 112 329 1612 183

CD4 count (cells/uL) 204 (93-319) 185 (50-363) 168 (96-232) 303 (170-487) 301 (171-466) 330 (150-518) 353 (186-549) 158 (66-260) 146 (68-259)

N 4188 207 599 747 430 108 302 1612 183

Clinical characteristics

History of tuberculosis 602 (14) 34 (17) 161 (27) 115 (14) 19 (4) 54 (48) 159 (48) 57 (4) 3(2)

N 4309 203 602 830 439 112 329 1611 183

Cough 2256 (52) 196 (95) 292 (49) 257 (31) 196 (45) 108 (96) 296 (90) 824 (51) 87 (48)

N 4314 207 602 831 439 112 328 1612 183

Fever 1541 (36) 124 (60) 169 (28) 57 (7) 134 (31) 33 (40) 87 (27) 844 (52) 93 (51)

N 4283 207 602 831 439 82 327 1612 183

Weight loss 2638 (62) 186 (90) 406 (68) 343 (41) 149 (34) 60 (72) 162 (49) 1182 (73) 150 (82)

N 4283 207 601 830 439 83 328 1612 183

Night sweats 1674 (39) 155 (75) 242 (40) 196 (24) 142 (32) 90 (80) 217 (66) 560 (35) 72 (39)

N 4313 206 602 831 439 112 328 1612 183

Cough >= 2 weeks 1455 (34) 94 (47) 117 (19) 172 (21) 133 (30) 88 (79) 244 (74) 548 (34) 59 (32)

N 4306 201 602 831 437 112 328 1612 183

Tuberculosis diagnostic tests

Sputum culture + 652 (15) 65 (32) 93 (17) 93 (12) 42 (10) 42 (38) 81 (25) 208 (13) 28 (15)

N 4209 206 541 796 439 111 322 1611 183

Laboratory tests

BMI (kg/m2) 22 (19.4-25.8) 20.1(18.3-22.3) 23.5(20.8-27.2) 24.2(21-29.2) 24.2(21.2-28.9) 19.1(16.7-22.7) 20.7 (18.4-24.8) 21 (18.9-23.9) 21.2(19-23.2)

N 4306 207 601 827 439 112 327 1610 183

CRP (mgl/L) 6.4 (2.5-38.6) 57 (16.8-115) 9.9(2.5-32.5) 6.2(2.5-29.2) 4.1 (2.5-17.3) 63&221;)'3' 41.4(6.3-127.7) 4.1(2.5-22.2)  3.5(2.5-31)

N 4093 204 502 763 425 107 299 1610 183

Hb (g/dL) 12.5(11-13.9) - 11.9(10.4-13.2) 12.7 (11.3-13.9) - 12.6 (10.8-13.7) 13.1(11.6-14.3) 12.7 (11-14.3) 11.7 (10.5-13.4)

N 2453 - 565 665 - 110 324 736 53

tData are count (%) or median (25th-75th percentiles)
tParticipants with data available for variable
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Variable

Overallt

Boyles

Lawn

Reeve

Shapiro

Theron_Scotts Theron_Wallac

dene

edene

Yoon_MJAP

Yoon_TASO

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein, Hb = haemoglobin
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Table 8-36: Percentage of missing data by each study

Variablet

Boyles

Lawn

Reeve

Shapiro

Theron_Scottsde
ne

Theron_Wallace
dene

Yoon_MJAP

Yoon_TASO

Case finding

Age

Sex

ART status

History of tuberculosis

Cough

Fever

Weight loss

Night sweats

Cough >=2 weeks

BMI

CD4 count

-

CRP

~|lOo|lojlw|o]Jo|o|o|NMN|OoJ]Oo|O|O

-

| |o|lojlo|o|jo|o|lo|o|o|]o|o|O

w|IN|oJ]o|o|J]o|o|o|o|o|]o|o|O

==l k=2 Ek=1E=AE=1E=RE=AE=l K= E=AEK=2K=]

o|lo|o|j]o|o|jo|o|Jo|o|o|jo|o|o

Haemoglobin

100

o |N|ojJlo|o|Jo|o|o|jo|ojo|o|oO]| O

N
o

100

[%4]
'

~
N

Sputum culture

0

10

H

NIV Oo|lw|~|O|lO|O|=2|O|OCJ]O|O|O|O

(=]

o

1<5% missing (green), 5-95% missing (yellow), and >95% missing (red)

Definition of abbreviations: ART = antiretroviral therapy, BMI = body mass index, CRP = C-reactive protein

386




Table 8-37: Backward stepwise selection using Akaike information criterion in bootstrap samples for each imputed dataset

Multiply imputed Age Boqy mass CD4 count C-react_ive Sex Cough Fever Weight loss Night .Ca?e
dataset index protein sweats finding
1 65 100 98 100 30 69 28 56 51 41
2 76 100 99 100 45 64 19 57 44 51
3 56 100 100 100 62 65 30 32 57 47
4 79 100 99 100 60 75 22 46 53 39
5 65 100 100 100 56 72 23 61 50 55
6 69 100 99 100 49 66 17 42 67 47
7 80 100 99 100 67 56 17 50 67 43
8 74 100 99 100 48 76 18 68 54 48
9 71 100 99 100 54 74 22 58 57 40
10 80 100 96 100 54 79 31 37 46 37

Variable selected in at least 70% (green) or less than 70% (red) of bootstrap samples for each of 10 imputed datasets
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Table 8-38: Extended CPM with variables retained in >= 70% of bootstrap samples and in >= 50% of imputed datasets

Term Estimate
Intercept -1.7209
Age (years) 0.6511
Age (spline 1) -2.0033
Age (spline 2) 5.0965
Body mass index (kg/m2) -0.8335
Body mass index (spline 1) 2.2347
Body mass index (spline 2) -4.8940
CD4 count (cells/uL) 0.1726
CD4 count (spline 1) -0.5500
CD4 count (spline 2) 2.4367
C-reactive protein (mg/L) 1.3609
C-reactive protein (spline 1) 5.4569
C-reactive protein (spline 2) -6.7330
Cough (yes) 0.2983

To recreate the above model, raw data values need to undergo the following preperation steps.

First, log transformed C-reactive protein (log(C-reactive protein)) and CD4 count (log(CD4 count + 1)) need to be calculated.
Second, all continous variables need to be scaled by subtracting the mean of the original variable from raw value and then
dividing it by standard deviation of the original variable. The means and standard deviations are: Age (34.46; 9.20), Body mass
index (23.26; 5.63), CD4 count (5.07; 1.08), C-reactive protein (2.38; 1.52).

Third, restricted cubic spline transformations need to be generated using 4 knots. The knot positions are: Age (-1.42; -0.48;
0.28; 1.80), Body mass index (-1.19; -0.50; 0.14; 1.93), CD4 count (-2.02; -0.12; 0.51; 1.34), C-reactive protein (-0.96; -0.85;
0.38; 2.01).
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Table 8-39: C-reactive protein only CPM

Term Estimate
Intercept -2.5665
C-reactive protein (mg/L) 1.1262
C-reactive protein (spline 1) 18.8435
C-reactive protein (spline 2) -21.6480

To recreate the above model, raw data values need to undergo the following preperation steps.

First, log transformed C-reactive protein (log(C-reactive protein)) needs to be calculated.

Second, C-reactive protein needs to be scaled by subtracting the mean of the original variable from raw value and then dividing
it by standard deviation of the original variable. The means and standard deviations for C-reactive protein are 2.38 and 1.52.
Third, restricted cubic spline transformations need to be generated using 4 knots. The knot positions for C-reactive protein are -
0.96; -0.85; 0.38; 2.01.
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Table 8-40: Joint predicted probability of achieving a C-statistic of > 0.70, 0.75, or 0.80 and a CS between 0.8 and 1.2 in a new population

Model 0.70 0.75 0.80
C-reactive protein only

CPM 0.814 0.695 0.382
Extended CPM 0.767 0.761 0.537
Hanifa model 0.273 0.003 0.000
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Table 8-41: Model performance statistics using Areglmpute

Model or tool Concordance statistic I(;ar\;:ratlon-m-the- Calibration slope

Extended CPM

Summary 0.81(0.77, 0.84) 0.04 (-0.18, 0.25) 0.97 (0.81, 1.13)
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Figure 8-14: Plots of predictor effects (plot.Predict)
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Figure 8-15: Heterogeneity of predictor effects using linear mixed-effects models fit across all datasets*

*Across 90% quantile range for each covariate in dataset with other covariates held at median (or mode) value
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Figure 8-16: Extended CPM calibration plots
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Figure 8-17: C-reactive protein only CPM calibration plots
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C - External validation in Shapiro
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Figure 8-18: Decision curve analysis comparing the final and C-reactive protein only CPMs to other tools or strategies among active case-

finding cohorts*
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*Excludes 3 passive case-finding cohorts, as all participants in that study had a positive W4SS
Definition of abbreviations: CRP = C-reactive protein
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Figure 8-19: Plots of predictor effects (plot.Predict) using Areglmpute
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