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Abstract

Background Intensified tuberculosis (TB) case finding is recommended for people living with HIV (PLHIV) at every
clinical encounter using the World Health Organization (WHO) screening tool (W4SS), comprising any of current
cough, fever, night sweats or weight loss. We determined the frequency of W4SS symptoms at repeat visits among
individuals without TB attending for HIV care in Gauteng province, South Africa.

Methods In a cohort study, we enrolled PLHIV (adults) attending clinics for routine HIV care. At enrolment, patients
were screened using W4SS, and categorised into high (cough, body mass index (BMI) < 18.5, CD4 < 100 cells/mm?,
fever> 3 weeks, and unintentional weight loss > 10%), medium (1 >W4SS symptoms but not fulfilling criteria for high
priority) or low priority (no W4SS symptoms) for TB testing with Xpert MTB/RIF; and anyone diagnosed with TB was
excluded. This analysis was restricted to individuals with no TB diagnosis by month three.

Results We enrolled 3,738 patients in the parent study. Of this, 88.5% (3,309/3,738) completed month three follow
up visits, of whom 71.0% (2,349/3,309) were female, median CD4 count 427 [interquartile range (IQR) 275-607] cells/
mm?, 71.8% (2,377/3,309) on antiretroviral therapy (ART) with median duration 4 [IQR 2—-7] years). At enrolment, 29.9%
(991/3,309) were positive on W4SS, among whom 62.7% (621/991) were pre-ART. The proportion of patients who
reported any of the four symptoms on W4SS was 15.1% (331/2,191) at month one, 13.5% (276/2,052) at month two,
and 8.9% (294/3,309) at month three. Cough was the symptom most frequently reported at all time points, followed
by weight loss and then night sweats.

Conclusion WA4SS symptoms remained relatively common at repeat visits among people without TB in HIV care.
Repeat testing of symptomatic patients with Xpert MTB/RIF would have substantial resource implications. Sensitive
and specific TB screening tools which are not dependent on symptoms are needed.
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Introduction

In 2021, South Africa was one of the eight counties with
the largest number of incident tuberculosis (TB) epi-
sodes, with more than half of the TB episodes among
people living with HIV (PLHIV) [1]. The risk of acquiring
TB is 14 times higher among PLHIV than HIV-negative
individuals in the same country [2]. The World Health
Organization (WHO) recommends TB screening at
every clinical encounter for PLHIV in areas with a high
prevalence of TB [3]. The recommendations include the
use of the WHO TB screening tool (W4SS), defined as
reporting any cough, fever, night sweats or unintentional
weight loss [3, 4]. The tool is intended for use to rule out
TB; those reporting no symptoms should start TB pre-
ventive therapy (TPT) if there are no contraindications.
Those reporting at least one symptom should be investi-
gated further for TB.

In 2011, the South African Department of Health
implemented Xpert MTB/RIF as the primary test for
diagnosing TB, replacing two sputum smears [5, 6].
Under these guidelines, clinic attendees reporting one
or more symptoms from the screening tool undergo an
immediate Xpert MTB/RIF test. The WHO screening
tool aims to maximise sensitivity and negative predictive
value, resulting in low specificity and positive predictive
value [7]. Consequently, only a small fraction of those
who present with symptoms will genuinely have TB, yet
under the current guidelines all should have the relatively
costly Xpert MTB/RIF test.

Little is known about the natural history of W4SS
symptoms among PLHIV attending clinic. If a report
of any W4SS symptom at any visit triggered an Xpert
MTB/RIF test, demand for Xpert MTB/RIF tests would
be very high. Persistent symptoms suggest a need for
further investigation, while temporary symptoms indi-
cate the need to improve the specificity of the screening
tool. Understanding the natural history of TB symptoms
among PLHIV is essential to optimize use of Xpert MTB/
RIF testing for improved risk stratification, particularly
in high-burden, resource-limited settings to ensure that
PLHIV with persistence TB symptoms are prioritized
for diagnostic testing. Data on persistent TB symptom
may be used to inform timing of TB testing and support
refinement of screening algorithms. Incorporating infor-
mation on symptom duration into TB screening strat-
egies can improve specificity, reduce costs, and guide
more nuanced clinical decisions. This approach may offer
an important means of balancing early TB detection with
the operational and financial constraints faced by TB
programs in low-resource settings.

The XPHACTOR study (Xpert for people attending
HIV/AIDS care: test or review) evaluated a diagnostic
algorithm among PLHIV attending clinic in Gauteng
province, South Africa [8—10]. The algorithm prioritised
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immediate testing with Xpert MTB/RIF for those at high-
est risk of TB mortality or transmission while deferring
investigation for those at lower risk to help reduce health
service costs with minimal risk to patients.

Using data from the XPHACTOR study, we described
the natural history of self-reported W4SS symptoms
among PLHIV attending clinic without a diagnosis of TB
by three months after enrolment. We also reported on
seasonal variation for self-reported cough and fever to
investigate if these symptoms were more common in the
influenza season.

Materials and methods

Design of parent study

The XPHACTOR study was a prospective cohort study
conducted in Gauteng province, South Africa, between
September 2012 and March 2014, when Xpert MTB/
RIF was being rolled out. Clinic attendees were recruited
from four public sector clinics (two hospital-based, two
community health centres) providing HIV care. Clinics
were selected for the study if they had a total active popu-
lation of at least 500 PLHIV and, at the time of the study,
were not routinely testing sputum with Xpert MTB/
RIF. At the time of the study, ART eligibility comprised
CD4 <350 cells/mm? or WHO clinical stage > 3.

Patient selection criteria and follow-up for the parent
study

Consecutive eligible, consenting adult patients attending
for HIV care, between September 2012 and March 2014,
were included in the study regardless of whether or not
they reported symptoms suggestive of TB. Patients were
excluded if they were on TB treatment, completed treat-
ment in the last three months or needed urgent referral
to a higher level of care. At enrolment, patients reporting
at least one of cough, fever of =3 weeks, drenching night
sweats or measured weight loss>10%, or with body mass
index (BMI)<18.5 kg/m?* or CD4 <100 x 10%/1, provided
a sputum specimen for an immediate Xpert MTB/RIF.
At follow up, if the Xpert MTB/RIF result was negative,
a chest radiograph, another symptom screen and further
investigations for TB were carried out. For study pur-
poses, all patients had sputum taken at enrolment which
was processed after three months using Xpert MTB/RIF
to verify the absence of active TB at enrolment.

Patients who were symptomatic and/or not on ART
at enrolment were asked to attend for follow-up visits at
month one and two for repeat W4SS symptom screen.
All patients were invited for a face-to-face interview at
three months where W4SS symptoms were ascertained,
and sputum (induced if necessary) and blood were col-
lected for mycobacterial culture. Patients who gave spu-
tum for testing with Xpert MTB/RIF at baseline had a
repeat Xpert MTB/RIF test at three months. Further
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details about methods used in parent study are described
elsewhere [8].

Study sample for current analysis

For this analysis, we restricted the XPHACTOR study
cohort to patients who had been followed to three
months with sputum taken at three months, and who had
symptom data available at enrolment and three-month
visits. The National Institute for Communicable Diseases
(NICD) in South Africa provided data on influenza-like-
illness reported through their sentinel surveillance [11].

Statistical methods

Demographic variables were summarised by the median
and interquartile range (IQR) for quantitative data and
percentages for categorical data. The number of symp-
toms reported, and frequency of specific symptoms
were summarised at each study visit. Positive for the
W4SS screening tool was defined as any of cough, fever,
night sweats or unintentional weight loss. We classified
patients into groups defined by a within-participant com-
parison of symptoms reported at enrolment and three
months: asymptomatic at both time points; symptomatic
at both time points; change from asymptomatic at enrol-
ment to symptomatic at three months; or symptomatic
at enrolment to asymptomatic at three months. Persis-
tent symptoms were defined as presenting with the same
symptom at enrolment and at the three months visit.

Results

Participants screening and enrolment

The parent study recruited 3,738 patients of whom 88.5%
(3,309/3,738) fulfilled the criteria for this analysis (Fig. 1).

Baseline characteristics

Of these patients, 71.4% (2,361/3,309) were female with
the median age of 39.6 years (interquartile range [IQR]
37-41 years) and median CD4 count 427 cells/mm?3
(IQR 275-607 cells/mm?3). Overall, 71.8% (2,377/3,309)
were on ART, with a median duration on treatment of 4
years (IQR 2-7 years). The median age for those on ART
and pre-ART was 41 (35.6—47.9) and 34 (28.8—41.4)
years respectively (p=0.043) (Table 1). Previous TB dis-
ease was more common in the on-ART group (39.2%,
931/2,377) compared with the pre-ART group (7.3%,
68/932, p<0.001).

Frequency of TB symptom at enrolment and follow up
visits

At enrolment, 29.9% (991/3,309) were positive on the
W4SS screening tool (Table 2). The most common symp-
tom was cough (18.5%, 613/3,309), followed by uninten-
tional weight loss (12.1%, 400/3,309), night sweats (7.0%,
233/3,309) then fever (5.1%, 168/3,309). The majority
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(69.4%, 688/991) of symptomatic patients reported a
single symptom. When a combination of symptoms was
reported, cough was most commonly reported (Table
2). During follow-up, 15.1% (331/2,191) patients were
symptomatic at month one, 13.5% (276/2,052) at month
two and 8.9% (294/3,309) at month three with majority
of patients reporting at least one symptom (Table 2). At
three months, cough remained the most frequent symp-
tom (5.5%, 183/3,309) followed by weight loss (3.2%,
106/3,309).

Symptom status at baseline and 3-month follow up visit
Overall, 4.5% (148/3,309) of patients reported any symp-
tom at both the enrolment and three-month visit (Table
3), with 14.9% (148/991) presenting any symptom at
enrolment continuing to present a symptom at the three
months visit. Patients reporting persistent symptoms
were a minority; 10.0% (61/613) of those who reported
cough at enrolment reported the symptom again at
three months. Some patients continued to report the
same symptom at three months as measured at baseline
and most (25.5%, 843/3,309) patients who changed their
symptom status went from symptomatic at enrolment to
asymptomatic at three months (Table 3).

Seasonal variation of TB symptoms

The percentage of patients reporting cough or fever were
high in September (33.1% and 22.4%, respectively) and
October (31.0% and 12.2%, respectively). Surveillance
data show that the number of people reporting influenza-
like-illness peaked in June 2013. However, there was no
clear seasonal variation in the proportion of participants
reporting cough or fever and no evidence that these
symptoms were more common during the South African
influenza season (Fig. 2).

Discussion

This analysis shows that slightly more than a quarter of
adults without active TB attending South African clin-
ics for HIV care reported one or more symptoms from
the W4SS at study enrolment. The frequency of TB
symptoms reported in this study is comparatively simi-
lar to the frequency reported in baseline results from a
clinical trial conducted at the outpatient clinics in South
Africa and Kenya among PLHIV who were not on ART
[12]. However, the frequency of TB symptoms reported
in this study was slightly higher compared to frequen-
cies reported among pre-ART and on ART patients
attending HIV care in Khayelitsha township [13] and
among the unknown, HIV-negative and PLHIV attend-
ing primary healthcare in Diepsloot township [14]. Sev-
eral factors could account for the differences in reported
symptom frequences between studies including differ-
ences in immunological statuses [low CD4 cell count
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Fig. 1 Participants flow chart at enrolment

[15], profound immunosuppression [16], high viral load
[17], clinical characteristics [recent ART status [18, 19],
type of TB disease [20], malnutrition, co-infections and
comorbidities such diabetes [21, 22], TB treatment his-
tory and drug resistance [23], and socio-demographic
factors [behavioural factors such as smoking and alcohol
use [24], demographic variables such as age and sex [25,
26]. Understanding these factors is essential for devel-
oping effective screening strategies and diagnostic tools
tailored to PLHIV. Although there were variations in
the reported frequencies of TB symptoms, most studies

reported very low TB prevalence ranging from 2% [14] to
5% [12].

Fewer patients reported symptoms at subsequent
monthly visits, but nearly 9% reported at least one symp-
tom at three months. If all PLHIV people had a symp-
tom screen at each clinic visit and those reporting any
symptom underwent testing with Xpert MTB/RIF, this
would generate a massive and costly volume of tests. As a
more general example, it is estimated that if Xpert MTB/
RIF was used for 15% of TB suspects in India, it would
consume the entire annual budget of the TB programme
[27]. A multi-national study in Thailand, Cambodia and
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Table 1 Baseline characteristics of the cohort (n=3,309)
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Table 2 Follow up results of the cohort (n=3,309)

All Patients On-ART Pre-
(n=3,309) (n=2,377) ART
(n=932)
Age (Years)
Median (IQR) 396 (33.2, 413 (356, 34.1
46.5) 47.9) (2828,
414)
Minimum, Maximum 18.7,82.8 199,828 18.7,
715
Sex
Female N (%) 2,361 (71.4) 1,694 (713) 667
(71.6)
Previous TB disease
Yes N (%) 999 (30.2) 931(39.2) 68 (7.3)
Duration on ART (Years)’
Median (IQR) 41(23,66) 41(2366) -
Minimum, Maximum 0,210 0,210
CD4 Count (cells/ul)?
Median (IQR) 427 (275, 434 (278, 416
607) 619) (264,
562)
Minimum, Maximum 2, 1,644 2,1,577 3, 1,644

"Duration on ART: missing 10 on ART
2CD4: missing 8 on-ART, 129 pre-ART

Table 3 Symptom status at baseline and 3-month follow up visit

All patients Any Cough Fever Night Weight
(n=3,309) symptom sweats loss

No symptom at 2,172 (656) 2,574 3,112 3,054 2,833
either visit (77.8) (94.1)  (923) (85.6)
Asymptomatic to 146 (4.4) 122 29 22(0.7) 76(2.3)
symptomatic (3.7) (0.9)

Symptomatic to 843 (25.5) 552 160 214 370
asymptomatic (16.7) (4.8) (6.5) (11.2)
*Persistent 148 (4.5) 61(1.8) 8(0.2) 19(06) 30(0.9)

symptoms

Data are frequency (%)

*Defined as presenting with the same symptom at enrolment and at the three
months visit

Vietnam screened PLHIV for TB using cough, fever and
night sweats and emphasised the importance of using
multiple symptoms as a screening mechanism and not
only cough [7].

Among our symptomatic patients, cough remained the
most common symptom presented at both time points,
followed by unintentional weight loss. A relatively large
number of people who did not have TB disease reported
symptoms. These results were consistent with findings
from a multicentre clinical trial conducted in South
Africa and Kenya at outpatient clinics among PLHIV
who were not on ART [12]. The W4SS symptom ques-
tionnaire was designed to maximise sensitivity rather
than specificity [28] and, accordingly, asks patients if
they had noticed a cough within the last 24 h rather than
prolonged cough. Therefore, the lack of specificity is not

At 1month 2months 3
enrolment months
N 3,309 2,191 2,052 3,309
Number of symptoms reported [% (n)]
None 70.1% 84.9% 86.5% 91.1%
(2,318) (1,860) (1,776) (3,015)
1 symptom 20.8% (688) 12.1% 10.0% 7.1%
(265) (205) (235)
2 symptoms 6.2% (205)  24% (52) 2.4% (50) 1.4% (46)
>3 symptoms 3.0% (98) 0.6% (14)  1.0% (21) 04% (13)

Type of symptoms reported [% (n)]

Cough 18.5% (613) 8.8% 85% (174) 55%
(192) (183)
Unintentional 12.1% (400) 5.0% 4.7% (97) 3.2%
weight loss (110) (106)
Night sweats 7.0% (233)  33%(73) 34%(70)  1.2% (41)
Fever 5.1% (168) 1.7% (37) 1.6% (33) 1.1% (37)
Symptom combinations': [% ()]
N 991 331 276 294
Cough alone 36.8% (365) 42.6% 42.8% 44.9%
(1471) (118) (132)
Weight loss alone  20.7% (205)  21.5% 21.0% (58) 26.5%
(71 (78)
Night sweats alone  8.9% (88) 11.5% 76% (21)  58%(17)
(38)
Cough and weight  7.5% (74) 48% (16) 54% (15)  6.1% (18)
loss
Cough and fever 5.1% (50) 33%(11) 1.8% (5) 58%(17)
Cough and night 34% (34) 33%(11) 5.4% (15) 1.4% (4)
sweats
Fever alone 3.0% (30) 45% (15) 2.9% (8) 2.7% (8)
Cough, night 3.2% (32) 2.1% (7) 1.8% (5) 1.0% (3)
sweats & weight loss
Other 114% (113) 63% (21) 11.2% ((31) 5.8% (17)

'0f those reporting at least one symptom

surprising. Using any one symptom prioritizes sensitivity,
although it also leads to low specificity and high number
of tests per TB case detected [29]. Previous studies have
shown that requiring > 2 symptoms improves specific-
ity while only modestly reducing sensitivity [30]. This
trade-off may lead to fewer tests and lower costs without
significantly increasing missed cases. Algorithms com-
bining symptom severity, duration, and number are more
predictive than single symptoms [31]. Modelling studies
demonstrate that restricting Xpert MTB/RIF to patients
with > 2 symptoms or high-risk profiles can reduce test
volume and costs by up to 30-40%, with only a minor
impact on TB case detection [32]. Using combinations
of TB symptoms rather than any symptom alone among
PLHIV can reduce the number of Xpert MTB/RIF tests
performed and thereby lower costs in TB screening pro-
grams. Self-reported W4SS symptoms were more preva-
lent among patients attending pre-ART care than ART
care at the enrolment visit, although more ART than
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Fig. 2 Proportion of patients reporting cough and fever at study enrolment, and South African surveillance data showing number reporting influenza-

like illness, by calendar month

pre-ART patients reported at least one TB symptom
over time. ART is known to protect against HIV-related
diseases and increase CD4 cell count [33]. In a cross sec-
tional study conducted in one of the Cape Town town-
ships, Rangaka et al. also found that pre-ART patients
were four times more likely to report W4SS symptoms
compared to those on ART with WHO screening tool
correctly identifying 64% of those who truly have TB in
pre-ART group while identifying 59% among those on
ART [34]. This may suggest that WHO symptom screen
alone may be less reliable to rule out TB disease among
PLHIV on ART ([35], as illustrated by the fact that most
patients with culture-confirmed TB in the Cape Town
cohort had none of the four TB symptom suggested in
the WHO screening tool [34].

Despite widespread use of the W4SS for TB screen-
ing in PLHIV, its low specificity has led to high rates of
unnecessary confirmatory testing, often with limited
diagnostic yield and increased cost. As a result, there
is growing interest in augmenting symptom-based
screening with additional triage tools to improve diag-
nostic efficiency while preserving sensitivity. One prom-
ising addition is C-reactive protein (CRP), a non-specific
inflammatory biomarker that is elevated in active TB dis-
ease. A meta-analysis showed that CRP (using a thresh-
old of > 5 mg/L) had a sensitivity of 87% and specificity of
67% for active TB [36]. This performance is comparable
to or better than the W4SS, especially among outpatients

and ART-naive individuals. CRP offers several practical
advantages including point-of-care availability, opera-
tional feasibility, and improved specificity. Incorporating
CRP into TB screening strategies for PLHIV represents
a promising innovation to overcome the limitations of
symptom-based screening alone.

Unlike previous studies [37, 38], our data did not show
any clear increase in the frequency of cough and fever
during South Africa’s influenza season (i.e. May-Septem-
ber), suggesting that when PLHIV report these symptoms
they should not be assumed to be attributable to influ-
enza. However, the difference may be due to geographic
locations of the four clinics in our study, limited sample
size or an unusual 2013 flu season.

Limitations

In order to interpret the data transparently, all missing
symptom data at enrolment and the three-month visit
were deleted from the analysis which limited using all
the observations from the parent XPHACTOR study.
Some patients were not able to attend the three months
visit and instead were given a telephonic interview, yet
a sputum sample could not have been taken and unless
the participant was re-admitted to hospital following the
telephone interview, it was not possible to rule out TB
for these few. The main limitation of this study is that the
data were collected from 2012 to 2014 at a time when
guidelines were different. The main difference was that
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ART was only started when people met specific criteria
i.e., a CD4 count < 350 cells/mm?® or WHO clinical stage
> 3 [39]. The population included in this study therefore
probably had a lower median CD4 cell count than we
would expect among PLHIV attending clinic at present.
Thus, they may have been more immunosuppressed and
more likely to report symptoms than clinic attendees
in more recent times. Another difference is that at the
time of the study, many people taking ART were attend-
ing clinic monthly to collect ART and our study was
designed assuming that they would undergo a symptom
screen at every monthly visit. Current guidelines [40] aim
to reduce the frequency of clinic visits for people taking
ART who are well; however, in practice, many patients
continue to make monthly visits to collect ART [41, 42]
and our study is relevant to them.

Conclusion

W4SS symptoms were common among adult HIV clinic
attendees who did not have TB. Symptoms were less
common at subsequent monthly visits but even at the
three-month visit, 9% patients reported one symptom.
Cough and fever were not more commonly reported dur-
ing the influenza season. Testing all W4SS symptomatic
individuals with Xpert MTB/RIF would generate a very
large number of unnecessary negative tests. Better TB
diagnostic tests which are not dependent on symptoms
are needed for primary healthcare clinics. The propor-
tion of patients testing positive on W4SS screening was
three times lower at month three follow up visits com-
pared to enrolment visits, suggesting a likely decline in
the demand for a repeat Xpert MTB/RIF at follow up
visit in this population group.

Abbreviations

ART Antiretroviral therapy

BMI Body mass index

HIV Human immunodeficiency virus

IQR Interquartile range

PLHIV People living with HIV

NICD National Institute for Communicable Diseases
T8 Tuberculosis

TPT TB preventive therapy

WHO World Health Organization

W4SS World Health Organization screening tool
XPHACTOR  Xpert for people attending HIV/AIDS care: test or review
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