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Patients with presumed tuberculosis in sub-Saharan
Africa that are not diagnosed with tuberculosis: a
systematic review and meta-analysis

Shamanthi Jayasooriya

ABSTRACT

Background Many patients in sub-Saharan Africa
whom a diagnosis of tuberculosis is considered

are subsequently not diagnosed with tuberculosis.

The proportion of patients this represents, and their
alternative diagnoses, have not previously been
systematically reviewed.

Methods We searched four databases from inception
to 27 April 2020, without language restrictions. We
included all adult pulmonary tuberculosis diagnostic
studies from sub-Saharan Africa, excluding case series
and inpatient studies. We extracted the proportion

of patients with presumed tuberculosis subsequently
not diagnosed with tuberculosis and any alternative
diagnoses received. We conducted a random effects
meta-analysis to obtain pooled estimates stratified by
passive and active case finding.

Results Our search identified 1799 studies, of which
18 studies (2002—-2019) with 14 527 participants from
10 African countries were included. The proportion

of patients with presumed tuberculosis subsequently
not diagnosed with tuberculosis was 48.5% (95% CI
39.0 to 58.0) in passive and 92.8% (95% Cl 85.0 to
96.7) in active case-finding studies. This proportion
increased with declining numbers of clinically diagnosed
tuberculosis cases. A history of tuberculosis was
documented in 55% of studies, with just five out of 18
reporting any alternative diagnoses.

Discussion Nearly half of all patients with presumed
tuberculosis in sub-Saharan Africa do not have a final
diagnosis of active tuberculosis. This proportion may be
higher when active case-finding strategies are used. Little
is known about the healthcare needs of these patients.
Research is required to better characterise these patient
populations and plan health system solutions that meet
their needs.

PROSPERO registration number CRD42018100004.

INTRODUCTION

The differential access to high-quality diagnostics
experienced in most low-income middle-income
countries (LMICs) illustrate important and growing
global health disparities." Diagnostic tests are
often not affordable or designed for application in
LMICs and can, therefore, represent a barrier to
high-quality healthcare access.' Access to accurate
diagnostics for a range of diseases is a cornerstone
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What is the key question?

= What are the numbers and nature of alternative
final diagnoses among patients with presumed
tuberculosis in sub-Saharan Africa?

What is the bottom line?

= Nearly half of all patients with presumed
tuberculosis in sub-Saharan Africa are
subsequently found not to have tuberculosis,
with few receiving any alternative diagnoses.

Why read on?

= Patients with symptoms suggestive of
tuberculosis who may eventually receive an
alternative diagnosis represent a major unmet
need in sub-Saharan Africa; requiring better
characterisation through research to develop
health system solutions to meet their needs.

of high-quality patient care, enabling appro-
priate timely management, inclusive of transmis-
sion control in the case of communicable disease.
Pulmonary tuberculosis (TB) is a highly prevalent
poverty-related communicable disease that lays
bare many of the diagnostic challenges faced in
LMICs, not least because of non-specific symptoms
at presentation.”

Patients with presumed TB are adults or chil-
dren evaluated for active TB with suggestive signs
and symptoms, such as cough, fever, night sweats,
weight loss, haemoptysis and fatigue. While sputum
culture remains the bacteriological reference stan-
dard for TB diagnostics, it is a costly, lengthy
process and in LMICs is usually only available in
central reference laboratories. At local clinics, a
reliance on smear microscopy is being replaced
by molecular diagnostics such as Xpert MTB/RIF
and Xpert MTB/RIF Ultra nucleic acid amplifica-
tion tests.’ Despite these advances, only 57% of
global TB cases are bacteriologically confirmed,
the rest are clinically diagnosed with negative or
no bacteriological testing and notified to WHO as
such. Whereas in high-income settings, 80% of TB
cases are confirmed bacteriologically.* The WHO
describes the use of both passive and active case-
finding strategies to detect TB cases.” Passive case
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finding relies on symptomatic patients seeking medical care
by presenting to health services, whereas active case finding
involves community-based screening of patients who would not
otherwise seek healthcare.

A proportion of patients with presumed TB are found not
to have tuberculosis, following both bacteriological and clin-
ical investigation. This proportion is likely to depend on tuber-
culosis prevalence, case-finding strategies (passive or active)
and other context-specific factors such as access to alternative
diagnostics. A community study in Malawi demonstrated that
only 10%-20% of patients presenting to primary care with a
persistent cough had TB.* More recent observational data
from The Gambia® showed that nearly half of all patients with
presumed TB did receive a final diagnosis of TB. A range of alter-
native diagnoses—predominantly respiratory—were described,
but importantly, non-respiratory diagnoses such as heart failure,
malignancy and renal failure were also noted. Furthermore, in
369% of patients not diagnosed with TB, no alternative diagnosis
was made. Minimal healthcare was afforded to these patients
beyond screening for TB and HIV.

The burden of ill health in patients with presumed TB subse-
quently found not to have TB and their ongoing engagement
with health systems has been largely overlooked. While national
guidelines exist for patients that receive a negative sputum smear
microscopy result, these focus on further elucidating active TB
cases rather than exploring alternative diagnoses.”® The rapid
rise of non-communicable disease—including chronic respira-
tory diseases'—in TB endemic areas, means patients presenting
with presumed TB may increasingly have alternative health issues
that require investigation and management, once TB is ruled out.

The aim of this study was to undertake a systematic review and
meta-analysis of the evidence describing the number and nature
of alternative final diagnoses among patients with presumed TB
in sub-Saharan Africa (sSA).

METHODS

Search strategy and selection criteria

We performed a systematic review and meta-analysis of the
evidence in accordance with Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidance.” We
searched Ovid Medline, Embase, Cumulative Index of Nursing
and Allied Health Literature (CINAHL) and the Cochrane
library. The search strategy involved Medical Subject Heading
and free text terms relating to the concepts of WHO tuberculosis
symptoms (such as “chronic cough”, “fever” and “weight loss™),
diagnostics (such as “diagnos*”, “sensitivity” and “specificity”),
TB and used filters for North,!® East,'' South,'* West"® and
Central Africa.'* The full Medline search strategy is provided in
online supplemental data 1 search strategy and was modified for
other databases. Human studies that met the inclusion criteria
from inception to 27 April 2020 were included. No language
restrictions were applied.

We included all studies (Diagnostic, Cohort and Observa-
tional) conducted in sSA enrolling adult (>15 years old) patients
with presumed TB presenting with symptoms (cough>2 weeks
or any one of cough, fever, weight loss, night sweats or haemop-
tysis). Duplicate articles, research on non-human subjects,
in-patient settings, articles reporting exclusively paediatric,
extrapulmonary, pregnant, prison or diabetic populations, and
any studies irrelevant to TB and diagnostics not set in sSA were
excluded. Narrative reviews, case reports, case series and studies
reporting only smear microscopy diagnostics or screening with
chest radiographs as opposed to symptoms were also excluded.

We screened citations of relevant articles and systematic
reviews to identify additional studies. All articles identified by
the initial search underwent title and abstract screening. Full-
text review of potentially relevant articles was conducted. This
was performed by two independent reviewers (SJ, FD-D), where
a third reviewer (CM) was called on if a consensus could not
be reached. If multiple studies used the same dataset or popu-
lations, we included the most comprehensive study with the
largest number of participants and excluded the others. Multi-
site studies were included where data from sSA sites were indi-
vidually extractable from the total number of participants.

Data analysis

Data extraction was performed by two independent reviewers
(SJ and FD-D) and compared, disagreements were resolved in
the first instance by discussion and a third reviewer (CM) called
on if consensus could not be reached. A piloted standardised
data extraction form was used to collect information from all
eligible studies. All non-English language studies were translated
using an online document translator."

For each eligible study, we extracted the year of publication,
first authors name, mean or median age, proportion of male
participants, study country, study setting (general or district
hospital, local health centre or community), total number of
participants eligible and included, diagnostic test used (culture
or GeneXpert), number of patients with and without a diag-
nosis of TB disease (Bacteriologically confirmed or clinical) and
their HIV rates, where available. Specific details of alternative
diagnoses made, and their management were extracted. WHO
Global Health Observatory data provided TB and HIV incidence
estimates in-country during the years studies were undertaken
and if they spanned more than a year the higher annual value
used.

Included studies risk of bias was evaluated using a tool specifi-
cally for prevalence studies developed by the Joanna Briggs Insti-
tute.'® Each study was independently assessed according to ten
items of methodological quality (online supplemental data 2 JBI
Risk of Bias Table).

We used WHO case definitions for TB case reporting. These
are bacteriologically confirmed TB cases and clinically diagnosed
TB cases. All study participants included were tested for tuber-
culosis therefore clinically diagnosed tuberculosis cases in this
review include patients with negative bacteriological results only
and not patients that have not undergone testing. Bacteriologi-
cally confirmed TB refers to sputum culture positivity in all but
one study® that used Xpert MTB/RIF.

All data analyses were done using R (V.4.0.2) and the metafor
package V.2.4-0 (online supplemental data 3 Statistical Analysis).
We stratified random effects meta-analyses of the proportion of
patients with presumed TB found not to have TB by passive or
active case finding, and whether cases found passively included
clinically diagnosed cases. Meta-regression was used to assess the
association between the proportion of patients with presumed
TB subsequently found not to have TB and the proportion of
clinically diagnosed TB cases, as well as with matched country-
year estimates of per capita TB incidence and HIV prevalence.

RESULTS

Our search yielded 1799 articles (64 identified from system-
atic review references and three through citation). A total of
246 duplicate articles were removed (figure 1). After screening
abstracts and titles, we excluded 1204 articles that were not rele-
vant. After screening full texts, we excluded an additional 331
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1799 articles identified by database search and article citation
(CINAHL 752, EMBASE 626, Medline 311, Cochrane 43, Citations 67)

—>| 246 duplicates removed |

| 1553 studies screening against title and abstract |

_,| 1204 articles excluded on title and abstract ‘

I 349 full-text articles assessed for eligibility |

331 articles excluded after full-text screening
80 number screened not included
68 children
47 screened not all tested for TB
43 screening does not include initial symptom screen
25 screening by chest radiograph
23 conducted outside sub-Saharan Africa
16 systematic review (individual articles included)
15 not pulmonary TB or drug sensitive TB
4 protocol
case series/ case study
correspondence
no paper available
guideline
clinical and laboratory data unlinked

PR N 0w

| 18 articles included in meta-analyses |

Figure 1  Study selection. TB, tuberculosis.

articles that did not meet the eligibility criteria. Therefore, 18
articles with 14 527 participants from 10 African countries were
included in this systematic review and meta-analysis.

No studies were excluded following a risk of bias assessment
(online supplemental data). All studies included reported 70%
minimum study population coverage for TB diagnostic testing.
Theron et al'” and Ling et al'® reported consecutive presumptive
TB patient recruitment of 480 over 4 years and 398 over 5 years,
respectively. It was unclear how sampling was performed (breaks
during sampling or sampled on certain days) and clinic sizes
were not stated that could account for the long study periods
with relatively low recruitment numbers.

Passive case-finding studies
There were seven studies including (table 1)° 17 ¥ and five
studies not including (table 2)'® ***7 clinically diagnosed TB
cases that used passive case-finding strategies. Of the five studies
(table 2) not including clinically diagnosed TB cases, only
Dorman et al* did not document whether a clinical assessment
was performed. Ling et al,'® Lawson et al,”” Hanrahan et al*® and
Cuevas et al** did perform a clinical assessment but reported no
cases of clinically diagnosed TB. The proportion of patients with
presumed TB subsequently found not to have TB increased with
declining numbers of clinically diagnosed TB cases (p<0.0001).
Figure 2 shows included studies and summary estimates
grouped by passive and active case finding. Passive case-finding
studies including clinically diagnosed TB cases (table 1) are
shown in the top section of figure 2 with estimates ordered
by this proportion. The summary proportion of patients with
presumed TB subsequently found not to have TB was lower in
passive case-finding studies that included clinically diagnosed TB
cases (table 1) compared with those that did not (table 2), 48.5%
(95% CI 39.0% to 58.0%) vs 70.6% (95% CI 61.5% to 78.3%)
(figure 2). Heterogeneity was high (I"2>95% for all estimates).
Meta-regressions with HIV prevalence, TB incidence, calendar
year and country group did not find significant associations with
our outcome (see statistical analyses online supplemental data 3).

Active case-finding studies

There were four active case-finding studies without any clinically
diagnosed TB cases (table 3). Three studies were conducted in
Ethiopia reporting clinical assessments, but no clinically diag-
nosed TB cases found.”*' No clinical assessments were reported
by Sekandi et al in Uganda.?!

Figure 2 illustrates that active case-finding studies had high
proportions of patients with presumed TB subsequently found
not to have TB, 92.8% (95% CI 85.0% to 96.7%) (table 3,
figure 2).

Smear negative studies

A further two articles included patients with presumed TB that
were already smear negative on microscopy (table 4). Affolabi ez
al’? did not include and Huerga et al’* included clinically diag-
nosed TB cases, with 89% and 61% of patients with presumed
TB subsequently found not to have TB, respectively.

Alternative diagnoses

Five studies reported diagnoses other than active TB
(table 5).6 20212633 There were insufficient data available to
analyse aetiology and prevalence as stated in the protocol. Two
studies described non-TB mycobacteria and one Preumocystis
jirovecii pneumonia as the only alternative diagnoses.?® 2¢ 33
Jayasooriya et al® and Munyati et al*' described a range of diag-
noses which were predominantly respiratory, but importantly
non-respiratory diagnoses such as heart failure, malignancy and
renal failure were noted. Neither study performed spirometry.
Four out of the five studies reported management of patients with
presumed TB subsequently found not to have TB, two stating
as clinically indicated. Notably, Affolabi et al** and Huerga et
al’ reported giving empirical antibiotics to all patients subse-
quently found not to have active TB amounting to mass admin-
istration of antibiotics to 207 and 380 patients respectively. Out
of 18, 10 (55%) studies recorded historical TB episodes, and
none recorded the number of times individuals had undergone
previous TB testing.

DISCUSSION

Our findings demonstrate that almost half of patients with
presumed TB in sSA were not given a final diagnosis of active
TB. While this proportion varied according to study, it was not
predicted by country incidence of TB or HIV. The few included
studies that used active case-finding strategies had much lower
proportions of patients with presumed TB with a final diagnosis
of TB than those that used passive case finding. Only five of
the identified studies attempted to characterise patients with
presumed TB who were subsequently found not to have TB
by reporting alternative diagnoses.®2° 2! 2633 Of these studies,
only two reported a range of alternative diagnoses.® ' In both
of these studies, clinical judgement, rather than a standardised
approach, was used to decide on investigations performed, and
no spirometry was conducted.® 2! Just over half of included
studies captured prior histories of TB and none indicated how
many times patients had been previously tested for TB.

In the passive case-finding studies that included clinically
diagnosed patients, the proportion of patients with presumed
TB subsequently found not to have TB was inversely associated
with the fraction of clinically diagnosed TB cases. While this
could imply overdiagnosis of active TB through reliance on clin-
ical judgement, it is important to note that many LMICs have
high rates of active TB.* This does highlight a need for improved
point of care diagnostics for both TB and other respiratory
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Figure 2 Random effects meta-analyses of the proportion of patients with presumptive tuberculosis not diagnosed as tuberculosis. The weight,
listed on the left-hand side is the percentage of the total inverse variance associated with a study in each analysis. Prevalence (95% Cl) of patients
not diagnosed as tuberculosis is listed on the right-hand side. Studies are stratified by passive or active case finding. Passive case-finding studies
including clinically diagnosed tuberculosis are shown with estimates ordered by this proportion.

pathogens. The lack of access to high-quality health systems and
diagnostics in sSA means there is likely to be a high burden of
unrecognised diseases of all causes and unmet clinical need in
the general population.** Therefore, patients with presumed
TB—symptomatic by definition—risk having the true causes of
their symptoms neglected if they are not due to active TB.®*!

The implications for missing active TB are clear, yet those of
incorrectly labelling people as having active TB and/or missing
other health conditions also need to be taken into consideration.
For example, patients with non-communicable chronic respira-
tory diseases such as chronic obstructive airway disease, asthma
and bronchiectasis are also likely to present to the health system
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Table 5 Tuberculosis studies handling and reporting of patients with presumed tuberculosis found not to have tuberculosis

WHO estimated incidence

(year of study)
History of Previous Tuberculosis HIV
Country Diagnoses Management tuberculosis tuberculosis testing (per 100 000) (per 1000)
Affolabi et al (2011)* Benin NR 15 days NR NR 7 0.69
erythromycin
Boehme et a/ (2011)"° South Africa NR NR NR NR 1260 10.29
Uganda NR NR NR NR 213 3.55
Bruchfeld et al (2002)*° Ethiopia 8 pneumocystis pneumonia NR 66* NR NR 1.79
Cuevas et al (2011)* Ethiopia NR NR NR NR 296 0.44
Nigeria NR NR NR NR 219 0.79
Deribew et a/ (2012)?® Ethiopia NR NR NR NR 282 0.41
Dorman et al (2018)* South Africa (Cape  NR NR 59 NR 805 5.45
Town)
South Africa NR NR 55 NR 805 5.45
(Johanesburg)
Kenya NR NR 20 NR 348 1.17
Uganda NR NR 15 NR 201 1.89
Hamusse et al (2017)%° Ethiopia NR NR NR NR 224 0.25
Hanrahan et al (2014)% South Africa 9 non-tuberculous mycobacteria NR NR NR 1200 8.67
Huerga et al (2012)* Kenya 11 non-tuberculous 5 days 92 NR 566 2.22
mycobacteria amoxicillin
Jayasooriya et al (2019)° The Gambia 2 malignancy: Clinically 16* NR 162 1.07
2 lung indicated
1 haematological
32 other respiratory tract
infections
8 pneumonia
4 asthma
2 pleural effusions
1 lung abscess
10 heart failure
2 structural heart disease
1 ischaemic heart disease
2 chronic renal failure
43 unknown
Lawson et af (2008)”’ Nigeria NR NR NR NR 219 0.91
Ling et al (2011)"® South Africa NR NR NR NR 1200 8.67
Merid et al (2019)* Ethiopia NR NR 151* NR 177 0.2
Munyati et a/ (2005)1?' Zimbabwe 178 other respiratory tract Clinically 97 NR 607 8.67
infections indicated
87 bacterial pneumonia
34 fibrotic lung disease:
28 post-tuberculous disease
2 idiopathic diffuse fibrosis
26 asthma
8 pneumocystis pneumonia
5 cryptococcosis
15 heart failure
5 malignancy:
3 Kaposi sarcoma
1 primary bronchus
1 metastatic breast
16 unknown
Continued
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Table 5 Continued

WHO estimated incidence

(year of study)
History of Previous Tuberculosis HIV
Country Diagnoses Management tuberculosis tuberculosis testing (per 100 000) (per 1000)
Nliwasa et al (2016)* Malawi NR NR NR NR 261 32
Reither et af (2010)2 Tanzania NR NR NR NR 492 2.75
Sekandi et al (2014)*" Uganda NR NR NR NR 217 3.7
Theron et al (2011)"7 South Africa NR NR 158 NR 1270 11.82

*History of tuberculosis in participants without tuberculosis,
tParticipants diagnosed with multiple conditions.
NR, not reported.

with a chronic cough, requiring ongoing management. This is
not only a missed opportunity for clinical engagement; patients
who receive an incorrect diagnosis or are discharged without any
follow-up may become reluctant to seek care in the future.

The higher proportions of patients found not to have TB
in active case-finding studies is likely to be due to the differ-
ence in study population from those identified in passive case-
finding studies. In addition, most active case-finding studies
reported only bacteriologically confirmed TB cases. A WHO-
commissioned systematic review reported general population
community-based active case-finding studies set in sSA.”* These
studies only used bacteriological (often smear) diagnoses of TB
cases, and none reported any clinical diagnoses of TB. When
we compared active with passive case-finding studies that also
reported only bacteriologically confirmed TB cases, the former
still had a higher proportion of patients with presumed TB subse-
quently found not to have TB. These findings imply that active
case-finding strategies encounter more community members
with unidentified health issues that have non-specific symptoms
similar to those of active TB. A retrospective review of radiolog-
ical findings from a Kenyan TB prevalence survey identified a
wide variety of abnormalities unrelated to active TB in those that
were not classified as having TB.?® Systematic active screening
of high-risk groups is a central component of the WHO End
Tuberculosis Strategy and the aforementioned systematic review
suggests that community-based active case finding might be
effective at detecting active TB early.” However, the emphasis
on active case-finding strategies in sSA should take into consider-
ation patients with presumed TB subsequently found not to have
TB, as they are likely to represent a large proportion of those
with positive initial symptom screens. Improving the ability of
local health systems to manage patients without TB, alongside
making appropriate diagnoses of TB disease is imperative.

A history of TB is important for assessing the risk of active
TB in patients with presumed TB. Recording and reporting TB
history in future research is essential as it is necessary to fully
interpret results, particularly with increasing use of Xpert MTB/
RIF and Xpert MTB/RIF Ultra. Patients with presumed TB subse-
quently found not to have TB will include some of the estimated
155 million patients globally alive today post-TB.>” Recognition
of history of TB could also help identify them allowing for the
provision of ongoing care. Long-term effects, such as increased
all-cause mortality post disease®® and post-TB lung disease,
could start to be addressed.

Two included studies used mass administration of empirical
antibiotics to several hundreds of patients with presumed TB
subsequently not diagnosed with TB. With increasing antimi-
crobial resistance recognised as one of the biggest public health

challenges of our time, nuanced strategies to mitigate against
administering unnecessary antibiotics are vital. The lack of
adequate point of care diagnostics, for both respiratory patho-
gens and TB alongside unavailable alternative management
strategies can drive indiscriminate use of antimicrobials. Strat-
egies such as the Practical Approach to Lung Health (PAL) have
demonstrated that better integrated respiratory care can reduce
antimicrobial usage in LMICs.

Our findings are also of importance when considering paedi-
atric TB. The nature of limited diagnostics and well recognised
high proportions of empirical TB treatment in paediatrics add
further complexity. Distinguishing TB from other respiratory
infections in children is an important area of ongoing research,
and the development of easily applicable paediatric TB diag-
nostic tests able to do just that remains critical.

This work raises ethical issues around the inclusion of patients
in research studies conducted in settings where limited primary
care is available. Non-communicable chronic respiratory diseases
caused an estimated 3.9 million deaths in 2017,*" of which a
disproportionately high burden is seen in LMICs.! Furthermore,
the prevalence of TB has declined over time in many settings.
It is critical that the care afforded as a minimum to symptom-
atic patients screening out of TB studies in settings with limited
healthcare should be taken into consideration during research
planning, offering, for example, in this case follow-up for
patients subsequently found not to have TB until an alternative
diagnosis is found. This will require improved collaboration
between researchers and health system actors as well as greater
consideration of the study participant’s health needs.

There are limitations to our review. We acknowledge
that the meta-analytical portion was limited by substantial
heterogeneity observed across studies. While summary values
should, therefore, be treated with caution their general size
indicates potentially important unmet needs in sSA commu-
nities. We found only two studies with a stated objective to
describe patients with presumed TB subsequently found not
to have TB. Most studies were cross-sectional and designed
to capture patients with active TB. Therefore, understand-
ably data on those essentially screening out of the study may
not be as comprehensive as for those that were diagnosed
with active TB and included as final study participants. In
particular, we highlight that where data was not recorded,
it does not always equate to not being performed and the
cross-sectional nature of the studies meant there was limited
follow-up. However, this absence of data further supports
our conclusion that there is a critical lack of reported data on
patients with presumed TB subsequently found not to have

TB.
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This systematic review of the literature highlights that at
least half of all patients with presumed TB attending services
in sSA are not given a diagnosis of active TB; many not
receiving any alternative diagnoses. In sSA, 1.4 million TB
cases were notified in 2019, our data suggest that this figure
represents only half of all patients with symptoms consistent
with presumptive TB. It is critical we address this by char-
acterising the clinical needs among these hitherto neglected
patients, in order to plan appropriate health system solu-
tions. Future studies should explore patient experiences
to better understand how these influence subsequent care-
seeking behaviours and health system engagement. Gener-
ating such data would help facilitate integration of services
for non-communicable chronic respiratory diseases with TB
programmes.
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