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a b s t r a c t
Objectives: We investigated if Xpert MTB/RIF (Xpert) testing on urine samples among newly diagnosed
HIV-patients as an adjunctive test to Xpert testing on sputum increases diagnosis. We sought to deﬁne
subgroups of patients, for whom testing with either test is especially advantageous.
Methods: We included patients >15 years, newly diagnosed with HIV, that delivered a urine sample
on the day of HIV-diagnosis at the biggest HIV-clinic in Guinea-Bissau between September 5, 2016 and
October 13, 2017 into a cross-sectional study. Patients were asked for a sputum sample, which was Xpert
tested if returned within 30 days. A questionnaire and physical examination were completed on day of
inclusion.
Results: We included 390 patients. TB prevalence was 12.6%. Adding Xpert urine test to all newly diagnosed HIV-patients increased diagnostic yield of TB by 58% compared with testing on sputum alone.
Patients who tested positive by Xpert on urine samples were clinically similar to those tested with sputum, except that the sputum positives reported more cough (p=0.03).
Conclusions: Indiscriminate Xpert urine testing in newly diagnosed HIV-patients with advanced disease
increased diagnostic yield. Xpert testing for TB on urine and sputum should be offered as screening in
Guinea-Bissau and possibly in similar settings.
© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Background
Globally an estimated 38 million people were living with HIV in
2019 and sub-Saharan Africa is home to 66.7% of all people living
with HIV (PLWH) (UNAIDS 2020).
TB is the leading contributor of death in this group accounting
for approximately 1/3 of AIDS-related deaths (UNAIDS 2019a), suggesting diﬃculties in screening and diagnosis in this group.
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According to WHO in 2019 an estimated 10 million people contracted TB, 1.4 million died of TB and out of those 208,0 0 0 had HIV
(WHO 2020).
The country Guinea-Bissau has both a high HIV and TB burden in PLWH. UN AIDS describes a HIV prevalence among adults
of 3% in the country (UNAIDS 2019b), but a recent study reported
that the HIV prevalence in the capital is 6.7% (Olesen et al., 2018).
TB prevalence in Guinea-Bissau in newly diagnosed PLWH was recently measured to 13.4% but may be higher with intensiﬁed focus
of diagnosis (Aunsborg et al., 2020).
Screening is recommended by WHO to be done via a clinical algorithm (WHO 2013a). If any HIV-patient presents with one of the
following: current cough, fever, weight loss or night sweats, they
should be evaluated for active TB. This algorithm has a sensitivity
of 79% and a speciﬁcity of 50% (WHO 2010).
Culture is the gold standard diagnostic test for TB (Achkar et al.,
2011), but is not recommended as an initial diagnostic tool due to
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resource and waiting requirements (2-3 weeks before answer on a
positive test (SSI 2018)) and is often diﬃcult in low-income countries (Lawn & Wood, 2011), compared with Xpert MTB/RIF (Xpert)
and sputum-smear microscopy, which can provide results within a
day (WHO 2013a).
Xpert test is used in initial TB diagnosis and is accurate when
testing sputum diagnosing 90% of TB in culture-positive patients
with a speciﬁcity of 99% (Boehme et al., 2011), however op to onethird of HIV-TB co-infected patients fail to produce sputum samples within 24 hours (Lawn et al., 2017; Lawn et al., 2015). In PLWH
with a TB positive blood culture, strongly indicating disseminated
disease, Xpert sputum and/or sputum smear mircroscopy detect TB
in 19.5% of positive cases (Kerkhoff et al., 2017). HIV-TB co-infected
patients are more likely to have atypical ﬁndings of TB including: sputum smear negative TB, radiographically non-speciﬁc TB,
(Dawson et al., 2010; Getahun et al., 2007) and uncharacteristic/
lack of symptoms (Sterling et al., 2010). They more often present
with disseminated TB, with up to 57% having TB in the kidneys,
which often remains undiagnosed resulting in rapid and fatal disease (Crump et al., 2012; Gupta et al., 2015; Lanjewar, 2011).
Xpert testing on urine show promising results to increase diagnostic yield (Lawn et al., 2015) as an adjunctive test, since
most patients can produce the sample and it is quicker to obtain
(Lawn et al., 2013) compared to Xpert sputum. Xpert urine is especially promising when testing samples from HIV-infected patients
with advanced immunodeﬁciency (Lawn et al., 2012; Peter et al.,
2012).

HIV-screening
Screening for HIV was performed using Determine HIV-1/2 assay (Abbott laboratories, Illinois, USA). The conﬁrmatory HIV test
also used for HIV type discrimination varied between SD Bioline
HIV 1/2 3.0 (Standard Diagnostics Inc, Kyonggi-do, South Korea),
First Response HIV Card 1-2.0 (PMC Medical, Mumbai, India) and
Genie III HIV-1/HIV-2 (Bio-Rad, Steenvorde, France (Hønge et al.,
2014). CD4 cell count analyses were performed at the National
Public Health Laboratory by Partec CyFlow® SL_3 (Cyﬂow SL,
Partec, Munster, Germany).

Urine and sputum
All tests were delivered to the National Laboratory of Public
Health (LNSP) for analysis on the same day of testing.
Sputum samples were analyzed continually as part of the laboratory’s routine analysis. Tests were taken early in the morning up
to 8 o’ clock at HNSM and arrived at the laboratory at 9. They were
analyzed using the Xpert MTB/RIF assay shortly after with answers
delivered the same day.
Urine samples were collected and stored at -20C. They were analyzed using the Xpert MTB/RIF assay, when access to Xpert test
equipment was possible and when the running of the laboratory
allowed it, usually occurring after a month.
Any TB positives detected were called on telephone and offered
treatment. If unavailable treatment was offered on the next followup.

Objectives
This study conducted in the capital Bissau of Guinea-Bissau
seeks to contribute to the evidence of Xpert testing on urine samples for TB to increase diagnostic yield of TB in PLHIV and its relevance as an adjunctive test with Xpert testing on sputum. Also,
it investigates which screening options that can be used to identify subsets of patients for whom urine or sputum tests should be
offered exclusively.

Symptom screening
We used two scoring systems to evaluate their potential as
screening tools based on symptoms for TB in PLWH.
Bandim TBscoreII (Rudolf et al., 2013) consists of 3 patient reported symptoms: cough, dyspnea, chest pain and 3 signs evaluated by a clinician: anemia (pale inferior conjuctivae), low body
mass index (BMI) or low mid upper arm circumference (MUAC).
Each positive ﬁnding gives 1 point, with the exception of BMI and
MUAC where values of <16 mg^m2 and <200 mm give 2 points.
Severity classes for TBscoreII: I, score < 2, II, score 2–3; III,
score 4–7; and IV, score > 7 (Rudolf et al., 2013).
WHO symptom screening evaluates patients on the presence of
one or more of the following symptoms: cough, self-reported fever,
weight-loss or night sweats. Presence of ≥1 symptoms result in
further testing for TB.

Methods
Setting, design and study population
The outpatient HIV clinic at Hospital National Simão Mendes
(HNSM) is the largest anti retro-viral therapy (ART) center in
Guinea-Bissau. The clinic is home to a part of the Bissau HIV
Cohort, a clinical cohort of HIV-infected patients started in 2007
(Jespersen al., 2015a). A high rate of loss-to-follow-up is seen
in the cohort (Hønge et al., 2013), as well as treatment failure
(Jespersen et al., 2015b) and subsequently high mortality (EngellSørensen et al., 2021).
This cross-sectional study was conducted at the HIV clinic at
HNSM between September 5, 2016 and October 13, 2017. Newly
diagnosed HIV-positive patients >15 years were asked to deliver
a urine sample on the day of HIV-diagnosis at HNSM. All patients
that did were included in the study and enrolled into the Bissau
HIV Cohort. The included patients were the same day instructed
how to perform a sputum sample, given a specimen container and
asked to return to HNSM with the sample the following day. Patients were told that time between collecting the sputum and delivering it to the clinic should preferably be done within 24 hours.
Sputum samples were included if returned to the clinic within
30 days of HIV-diagnosis. A questionnaire regarding demography,
lifestyle and symptoms and a physical examination was completed.
Blood samples were taken the day after HIV-diagnosis. All patients
were included regardless of symptoms.

Statistical analysis
Data was analyzed using Stata/IC 13.0 (StataCorp LP, College Station, TX, USA). Chi-square test was used to assess categorical valuables and in cases with <5 observations in a group Fiscers Exact test. Continuous variables were compared using ttest and in
cases where assumptions failed the non-parametric Wilcoxon ranksum test. Wilcoxon-Mann-Whitney test was used to compare Xpert
testing of urine samples and sputum samples. Missing data was
excluded from analysis.

Ethical considerations
Written information was given in the oﬃcial language Portuguese and oral information in the widely spoken Portuguese Creole. Informed written consent, or a ﬁngerprint if illiterate, was provided by all included patients.
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Table 1
Number of patients with TB positive and TB negative urine and sputum results.

Urine negative
Urine positive

Sputum not available

Sputum negative

Sputum positive

174
13
187

167
5
172

26
5
31

367
23
390

(p=0.07) and weight loss (p=0.07) compared with patients who
only delivered a urine sample. There were no differences between
the groups regarding Bandim TBscoreII (median 1, p=0.49).
Comparison of patients with a positive urine sample vs sputum
samples.
Twenty-six tested positive only with Xpert on sputum and 18
only with Xpert on urine. The 5 positive patients found by both
tests were excluded from this analysis. To further assess if urine
Xpert should be offered only to speciﬁc groups of HIV-infected we
tested if patients diagnosed only with a urine-sample were different with regards to any variables compared to those diagnosed
via sputum only. The sputum positives experienced more cough
(n=43, p=0.03) and more had a BMI<18 mg/m^2 (n=39, p=0.04),
otherwise no differences were found. Both groups suffered from
severe immunodeﬁciency with median CD4=138 (IQR=28:248) in
sputum positives and 108 (IQR=45:187) in urine positives, with
>75% having AIDS deﬁning CD4 levels among urine positives.

Fig 1. Diagram of TB positives by test.

Results
In total 390 newly HIV-diagnosed patients were included between September 5, 2016 and October 13, 2017. Within 30 days
from inclusion, 203 (52.1 %) patients returned with a sputum sample. Median age was 37 years (IQR, 30 to 45) and 33,6% were
male. Among the 390 patients included, 260 (66.7%) were HIV-1
positive, 28 (7.2%) HIV-2 positive, 24 (6.2%) HIV 1/2 dually-infeted
and 78 (20%) had unknown HIV-types. Median CD4 cell count
was 211 cells/uL (IQR=97:423). Median hemoglobin was 9.3 g/dL
(IQR=7.9:10.7). The median Bandim TBscoreII was 1 (IQR, 0 to 3)
and 345 (96.4%, n=353) showed ≥1 WHO symptom. Twenty-six
patients were previous to the study tested positive for TB. Of these
six still registered positive, ﬁve only on Xpert sputum and one on
sputum and urine. Date of previous infection was unknown.
Fig. 1.
49 (12.6%) of the included patients tested positive for TB either by sputum or urine sample (Table 1). The positive rate was
10.3% (CI 4.7%-16%) higher for the sputum test versus the urine
test, when comparing the two. Five patients who tested negative
on the sputum test had a positive urine test and 13 patients who
did not return with a sputum sample tested positive for TB in the
urine sample. In total 18 patients which equals 36.7% of the total
number of TB positive patients had not been found if they had not
been asked to deliver a urine sample. This is an increase in diagnostic yield of 49/31 = 58%. Clinically the urine positives reported
100% fever, 94% weight loss, 70.6% night sweat and 35.3% cough
(n=17).
Comparison of TB positives vs TB negatives (Table 2).
The TB positive patients were signiﬁcantly younger (mean=35.3
years) than TB negative patients (mean=38.9, p=0.04). TB positive
patients suffered more from cough (p<0.01), fever (p<0.01) and
night sweats (p=0.02) compared with TB negatives. TB positive
patients had a signiﬁcantly higher Bandim TBscoreII (median=3,
p=0.01) than TB negative patients (median=1). CD4 cell count and
hemoglobin were signiﬁcantly lower for TB positive patients compared with TB negative (p<0.01 for both)
Comparison of patients that solely delivered a urine sample vs
patients that also delivered sputum samples (Table 3).
These patients were comparable on most variables. Patients that
also delivered a sputum sample had lower hemoglobin (p<0.05),
CD4 level (p=0.01), more had lower BMI<18 kg/m^2 (p=0.02),
more coughed (p=0.03) and they tended to suffer more from fever

Discordant pairs
In 26 cases the sputum results were TB positive and urine
negative. In 5 cases the urine results were positive and sputum negative. Analysis showed a tendency of higher TBscoreII
(n=27, p=0.09), cough (n=31, p=0.06) and BMI<18kg/m^2 (n=30,
p=0.052) in the 26 sputum test positive, urine test negative patients.
Discussion
We found adding an Xpert test on urine samples on all
newly diagnosed HIV-infected patients increased diagnosis of TB
by 36.7%. Overall TB prevalence in the study was found to be 12.6%
with Xpert testing on urine and 7.9% without, an increase of 59%.
Inability to produce sputum and diﬃculty of follow-up on patients
for sputum collection resulted in a large group of 48% of patients
that remained sputum untested within <30 days of HIV diagnosis.
Of the increase in TB diagnosis by Xpert urine testing 26.5% came
from this group. Urine samples are compared with sputum samples easier and quicker to obtain, handle and quality of samples is
less of an issue (Lawn et al., 2013), which is advantageous in a setting where follow-up on patients for sputum collection is limited.
TB positive and negative patients differed on many variables,
but not in ways that allowed us to identify speciﬁc subsets to test
with Xpert on urine samples. Self-reported cough had the highest
difference of 26.8% between TB positives and negatives, but only
56.3% of positives reported cough, so using this as the deﬁning
screening tool would lead to underdiagnosis of TB. Using Bandim
TBscoreII to screen and identify candidates for Xpert testing on
urin is suboptimal in this study since 17.9% of TB positive patients
scored 0 and 35.9% scored <2. These TB positive patients would
not be found if the screening algorithm discarded patients for further diagnostic tests with low scores. 96.4% of all patients reported
≥1 WHO symptom, so using this as a screening algorithm hardly
limits the scope of testing.
Another way of identifying a subset of patients for whom testing with Xpert urine test is particularly advantageous is to identify
those who lack the ability to produce sputum and offer them the
urine test instead. Patients that only delivered urine samples were
3
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Table 2
Characteristics of TB negative and TB positive patients.

Age (years) n=390
Sex n=390
Women
Men
HIV type n=312
HIV-1
HIV-2
HIV-1/2
WHO TB symptoms reported
Cough n=370
Fever n=373
Night sweats n=368
Weight loss n=369
Bandim TBscoreII
Cough n=370
Dyspnea n=373
Chest pain n=374
Anemia n=341
BMI < 18 kg/m^2 n=354
BMI <16 kg/m^2 n=354
MUAC < 220 mm N=369
MUAC < 200 mm n=369
Median total Bandim TBscoreII n=315
Bandim TBscoreII >1 n=315
Haemoglobin n=222
Mean
Mean difference
CD4 n=353
Median

TB negative

TB positive

n = 341, n (%)
Mean=38.9

n = 49, n (%)
Mean=35.3

229 (67.2)
112 (32.8)

30 (61.2)
19 (38.8)

226 (82.2)
27 (9.8)
22 (8)

34 (91.9)
1 (2.7)
2 (5.4)

95 (29.5)
250 (76.9)
162 (50.5)
284 (88.5)

27
46
32
45

(56.3)
(95.8)
(68.1)
(93.8)

<0.01
<0.01
0.02
0.27

95 (29.5)
77 (23.6)
143 (43.9)
30 (10.1)
49 (15.8)
38 (12.2)
44 (13.7)
24 (7.5)
1 (IQR=0:3)
126 (45.7)

27 (56.3)
17 (36.2)
26 (54.2)
6 (13.3)
16 (37.2)
5 (11.6)
10 (21.3)
4 (8.5)
3 (IQR=1:4)
25 (64.1)

<0.01
0.06
0.18
0.52
<0.01
0.91
0.17
0.79
<0.01
0.03
<0.01

9.67 (95% CI: 9.28:10.06)

7.72 (95% CI: 6.85:8.59)
1.95 (95% CI: 0.91:2.99)

232 (IQR=109.5:459)

108 (IQR=30:208)

p-value
0.04
0.41

0.29

<0.01

Table 3
Characteristics of patients who solely delivered a urine sample vs. patients who delivered both a urine and sputum
sample.

Age (years) n=390
Sex n=390
Women
Men
HIV type n=312
HIV-1
HIV-2
HIV-1/2
WHO TB symptoms reported
Cough n=370
Fever n=373
Night sweats n=368
Weight loss n=369
Bandim TB-II score
Cough n=370
Dyspnea n=373
Chest pain n=374
Anemia n=341
BMI < 18 kg/m^2 n=354
BMI <16 kg/m^2 n=354
MUAC < 220 mm n=369
MUAC < 200 mm n=369
Median total Bandim TB-II score n=315
Haemoglobin n=222
Mean
Mean difference
CD4 cell count n=353
Median

Solely urine sample

Urine and sputum sample

n (%), n = 187
Mean=38.9

n (%), n = 203
Mean=38

p-value
0.43

118 (63.1)
69 (36.9)

141 (69.5)
62 (30.5)

0.18

120 (83.9)
14 (9.8)
9 (6.3)

140 (82.8)
14 (8.3)
15 (8.9)

0.65

47 (27.3)
131 (75.3)
90 (52.3)
148 (86.1)

75 (37.9)
165 (82.9)
104 (53.1)
181 (91.9)

0.03
0.07
0.89
0.07

47 (27.3)
49 (24.6)
70 (40.2)
19 (11.8)
22 (13.3)
25 (15.1)
30 (17.5)
13 (7.6)
1 (IQR=0:3)

75 (37.9)
45 (25.9)
99 (49.5)
17 (9.4)
43 (22.9)
18 (9.6)
24 (12.1)
15 (7.6)
1 (IQR=0:3)

0.03
0.78
0.07
0.48
0.02
0.12
0.14
0.99
0.49
<0.05

9.87 (95% CI: 9.17:10.58)

9.11 (95% CI: 8.71:9.51)
-0.77 (95%CI: -1.51:0.02)

253 (IQR=109:493)

194 (IQR=83:368)

0.01

compared with patients that were also able to produce a sputum
sample. Overall the groups were very identical. Identiﬁcation of patients unable to produce sputum cannot help limit scope of Xpert
testing on urine in this study.
We tested if positive patients found only by Xpert urine were
different from positive patients found only by Xpert sputum on

variables such as CD4, hemoglobin and symptoms of TB. We found
no major differences in clinical presentation or biomarkers between the two groups, hence offering different tests based on level
of immunodeﬁciency is not warranted. Both groups were severely
immunocompromised, and it is possible that the conclusion could
be different in patients with higher CD4 counts, since urine-based
4
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tests are more sensitive at low CD4 counts (Bjerrum et al., 2019;
Lawn et al., 2012).
Discordant pair analysis showed us that Xpert test on sputum
samples tended to be better at diagnosing those with more cough
(indicative of pulmonal TB).
Strengths of this study is the recruitment of well-characterized
patients in a well-documented cohort (Jespersen et al., 2015a). The
patients included in the present study are similar on parameters
like sex, age at inclusion and median CD4 count compared with
the Bissau HIV Cohort and results are likely applicable to the background population. Weaknesses of the study include a lack of a
gold-standard of testing, therefore the actual prevalence of TB in
the study-population is unknown and consequently sensitivity and
speciﬁcity analysis are impossible.
The study population was not an unselected sample of individuals with HIV. Only those who delivered a urine test were included.
However, urine tests are easy to obtain from patients (Lawn et al.,
2017) and it is unlikely that a signiﬁcant number of patients were
discarded. The study was conducted at a single site in GuineaBissau and the extent of generalizability to other similar settings
outside of Guinea-Bissau is uncertain, however this study builds
upon previous studies that have also demonstrated increased diagnostic yield of Xpert urine testing in PLWH for TB (Lawn et al.,
2015; Schutz et al., 2019), especially in the severely immunocompromised (Lawn et al., 2012; Peter et al., 2012). Concentration of
urine was seen to signiﬁcantly increase diagnosis of TB compared
with unconcentrated urine (Lawn et al., 2015; Peter et al., 2012),
but this was not possible in our setting due to centrifuge requirements.
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Conclusion
We found that Xpert testing on urine increased diagnostic yield
if given as an adjunctive test to Xpert testing on sputum and we
recommend screening all newly diagnosed HIV positive patients in
Guinea-Bissau for TB with both Xpert on sputum and urine. Our
study found no relevant screening parameters to limit Xpert sputum and/or urine testing for patient subsets. These results may be
applicable in similar low-resource settings, where testing capabilities and follow-up on patients are similarly challenged and we
recommend further research into this to better diagnosis and outcome.
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