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Background. Non–sputum-based, point-of-care triage tests for pulmonary tuberculosis could enhance tuberculosis diagnostic 
programs. We assessed the diagnostic accuracy of 2 finger-stick blood tests: the Cepheid 3 gene host-response cartridge (Xpert-HR), 
which measures 3 host messenger RNA transcripts, and the 3-host protein multibiomarker test (MBT).

Methods. We performed a prospective diagnostic accuracy study of consecutive participants with symptoms compatible with 
pulmonary tuberculosis in The Gambia, South Africa, Uganda, and Vietnam. A composite reference standard for active pulmonary 
tuberculosis incorporated chest radiography, symptom resolution, and sputum microbiological test results. A training-test set 
approach was used to evaluate test cutoff specificities at 90% sensitivity.

Results. Between 1 November 2020 and 1 May 2023, we screened 1262 participants aged 12–70 years with cough lasting 
>2 weeks and another symptom suggestive of tuberculosis. Of those who were classifiable by reference tests, 1154 
participants had evaluable Xpert-HR results and 961 had evaluable MBT results. Xpert-HR had an area under the receiver 
operating characteristic (AUROC) curve of 0.92 at a cutoff of −1.275 or below, with a sensitivity of 92.8%, specificity of 
62.5%, positive predictive value of 47.9%, and negative predictive value of 95.9%. The MBT had an AUROC of 0.91 at a 
cutoff of ≥0.42, with a sensitivity of 91.4%, specificity of 73.2%, positive predictive value of 52.0%, and negative predictive 
value of 96.4%.

Conclusions. Our results show that both Xpert-HR and the MBT are promising non–sputum-based point-of-care tests. The 
MBT met the World Health Organization target product profile for a triage test, which suggests it should be further developed.
Two finger-stick blood tests to triage people with symptoms of pulmonary tuberculosis by measuring 3 host proteins 
(multibiomarker test) or 3 host RNA transcripts (Cepheid Xpert-HR) yielded sensitivities >90% in patients from The Gambia, 
South Africa, Uganda, and Vietnam.
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A non–sputum-based point-of-care triage test for pulmonary 
tuberculosis is one of the highest priorities for development in 
the tuberculosis diagnostics pipeline. Of the estimated 10.8 
million cases of tuberculosis in 2023, approximately 2.5 mil
lion went undiagnosed, partly due to the lack of adequate di
agnostic tools [1]. The diagnosis of pulmonary tuberculosis 
depends on the detection of Mycobacterium tuberculosis in re
spiratory samples, but these assays come with a high cost and 
infrastructure requirements. A triage test at the point of care 
would address this problem by accurately distinguishing 
between people who do and those who do not need further 
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confirmatory testing when they present with symptoms com
patible with tuberculosis.

The Cepheid 3 gene host-response cartridge (also known as 
the Xpert MTB Host Response assay, or Xpert-HR) is based on 
detection of a 3-gene signature (GBP5, DUSP3, and KLF2) 
identified by Sweeney et al [2], which has been translated to a 
near-point-of-care, finger-stick blood test with automatic cal
culation of a TB score [2]. This score reached the World 
Health Organization (WHO) target product profile (TPP) for 
a non–sputum-based triage test, with a sensitivity >90% and 
a specificity of >70% across 3 independent prospective cohorts 
[3]. We have previously published interim results in which the 
Xpert-HR performed well with, sensitivity and specificity of 
87% and 94%, respectively [4]. However, findings from a cohort 
of 1499 adults showed good classification of tuberculosis com
pared to other respiratory diseases (area under the receiver op
erating characteristic curve [AUROC], 0.89; sensitivity, 90%) 
but the specificity was only 63% [5], and a pan-African study 
of 639 children aged <15 years reported a sensitivity of 60% 
and a specificity of 90% [6].

The detection of multiple host protein markers also holds 
promise for a point-of-care test [7]. We have previously iden
tified a 7-host protein serum signature for tuberculosis from 
>700 participants across 5 African countries using explorato
ry proteomics [8]. This signature has since been refined to 
3 markers, including serum amyloid A, C-reactive protein, 
and interferon (IFN) γ–inducible protein 10, which was as
sessed in a previous study (clinical trial NCT03350048) and 
translated to a lateral flow test using up-converting reporter 
particle technology, by members of the TrENDx-TB consor
tium [9]. The aim of the current study was to perform a pro
spective multicountry head-to-head comparison of these 2 
quantitative point-of-care tests to triage adults and adoles
cents presenting with respiratory symptoms suggestive of pul
monary tuberculosis.

METHODS

Study Design and Participants

This was a cross-sectional diagnostic accuracy study performed 
in The Gambia, South Africa, Uganda and Vietnam. 
Consecutive participants aged 12–70 years with symptoms sug
gestive of pulmonary tuberculosis were recruited when they pre
sented to primary health facilities or hospitals. Inclusion criteria 
were a cough for >2 weeks and at least one other symptom sug
gestive of tuberculosis (ie, weight loss, hemoptysis, night sweats, 
fever), in line with the WHO W4SS symptom screen [10]. 
Potential participants were excluded if they were on tuberculosis- 
preventive therapy, were taking immunosuppressive treatment, 
were pregnant or breastfeeding, or if their hemoglobin level 
was <9 g/L. Written informed consent was obtained before sam
ple collection. For participants aged 12–18 years, parent/guardian 

consent was obtained alongside participant assent. Local ethical 
approval was obtained at each participating site. The trial was 
registered at ClinicalTrials.gov with the (no. NCT04232618). 
The full protocol is published under a Creative Commons 
Attribution 4.0 International License [11].

Procedures

A detailed medical history was taken on enrollment, and all 
participants were tested for human immunodeficiency virus 
(HIV) with rapid finger-stick blood test and a confirmatory 
enzyme-linked immunosorbent assay if results were positive 
and for diabetes with finger-stick blood glucose and confirma
tory Hemoglobin A1c. Nasopharyngeal swab samples were 
tested with multiplex 26-pathogen polymerase chain reaction 
(PCR [Allplex; Seegene]) as well as an in-house severe acute re
spiratory syndrome coronavirus (SARS-CoV-2) PCR assay or 
GeneXpert SARS-CoV-2 Xpert Xpress cartridges (Cepheid). 
A subset was also tested with anti–SARS-CoV-2 antibody tests 
(see the Supplementary methods). A chest radiograph was re
ported independently on a standardized reporting tool by 
2 blinded medical officers, with a third reading by a specialist 
in the absence of consensus.

Sputum was tested with BACTEC Mycobacterial Growth 
Indicator Tube liquid culture (Becton Dickinson), Xpert 
Ultra (Cepheid), and smear microscopy with Auramine stain
ing for acid-fast bacilli. If tuberculosis was not diagnosed 
from reference tests, the participant was brought back for re
peated clinical evaluation 8 weeks after enrollment to establish 
the alternative diagnosis. Drug-resistant pulmonary tuberculo
sis and extrapulmonary tuberculosis without evidence of pul
monary infection were excluded when these results became 
available. IFN γ release assays and tuberculin skin testing 
were not performed as positivity rates in African settings are 
very high and the test would therefore not contribute to the 
classification of participants with respiratory symptoms [8, 12].

Index tests and reference tests were performed at the same 
visit. For the index tests, 200 µL of capillary blood was collected 
by finger-stick with a Minivette containing an anticoagulant 
(ethylenediaminetetraacetic acid [EDTA]; Becton Dickinson), 
transferred into an EDTA-microtainer (Becton Dickinson), 
and inverted to mix. Next, 100 µL of the sample was added to 
the Xpert-HR cartridge (donated by Cepheid) and loaded 
into the GeneXpert machine. Cycle threshold (Ct) values for in
dividual genes (GBP5, DUSP3, TBP, KLF2) were obtained to
gether with a TB score automatically calculated with the 
following formula: (GBP5 Ct + DUSP3 Ct)/2 − TBP Ct [4]. 
The manufacturer currently recommends that TBP be used in 
the place of KLF2 from the first iteration of the TB score, to im
prove stability and performance. No prespecified cutoff value 
was provided by the manufacturer.

For the multibiomarker test (MBT), a further 20 μL of finger- 
stick blood was collected using disposable Minivette collection 
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tubes (heparin coated; Sarstedt) and directly mixed with 480 μL of 
high-salt finger-stick buffer (100 mmol/L Tris pH 8.0, 270 mmol/ 
L sodium chloride, 1% [vol/vol] Triton X-100, and 0.5% [wt/vol] 
casein) [7,9]. Next, 100 µL of the lysed blood solution was added 
to a disposable microwell, after which lateral flow strips (serum 
amyloid A, C-reactive protein, and IFN γ–inducible protein 10) 
were added. Lateral flow was continued until strips were dry, after 
which they were analyzed with the ESEQuant (LR3 version) read
er adapted for the up-converting reporter particle label 
(DIALUNOX). Test results were displayed as the ratio of test to 
flow-control signal. Further details of the MBT manufacturing 
are available in the Supplementary methods.

Analysis

The primary outcome was the diagnostic accuracy of the 
Xpert-HR and MBT compared with a composite reference 
standard (CRS) for active pulmonary tuberculosis, as shown 
in Table 1. Secondary outcomes included comparing perfor
mance between sites, assessing the effect of other respiratory 
pathogens on the test performance, and assessing test perfor
mance against Xpert Ultra alone.

All analysis was done using R software (version 4.1) on a 
server running Ubuntu Linux (22.04) [13]. For the Xpert-HR 

test, the dataset was divided into training and test sets at a ratio 
of 75:25. The training data were used to generate an ROC curve 
based on the predefined TB score, and the threshold score at 
90% sensitivity was recorded. This threshold was then used 
to determine the performance on the test set. For the MBT, 
the dataset was divided into training and test sets at a ratio of 
60:40. An elastic-net logistic regression model was trained on 
the training data using the MLR3 machine-learning framework 
[14]. Before training, the data were scaled and then upsampled 
using the SMOTE algorithm to balance the outcome groups. 
The model hyperparameters were tuned using bayesian optimi
zation over repeated 3-fold cross-validation to maximize the 
AUROC. The trained model was then used to generate an 
ROC curve, and the threshold probability at 90% sensitivity 
was recorded. The model was then used to predict outcome 
probabilities on the test data and the training threshold was 
used to determine the performance.

For both tests, 95% bias-corrected and accelerated confi
dence intervals (CIs) for the performance metrics were calcu
lated using bootstrapping (5000 replicates). To assess the 
impact of other respiratory pathogens on test performance, 
the models were run with all participants grouped by the pres
ence or absence of a virus or bacteria on a nasopharyngeal swab 
sample PCR test.

RESULTS

We screened 1262 participants with symptoms suggestive of tu
berculosis between 1 November 2020 and 1 May 2023, of whom 
51 (4%) were excluded (Figure 1). Of the remaining 1211 par
ticipants, 32 (2.6%) were unclassifiable by the CRS. Five (0.4%) 
were classified as having possible tuberculosis and were not in
cluded in the main analysis. Of classifiable participants, 1154 
(97.9%) were tested with the Xpert-HR and 961 (81.5%) with 
the final version of the MBT. The first 216 participants were 
tested with an earlier version of the MBT, with results used 
to refine the final version, and are not included in this analysis. 
The characteristics of the participants are shown in Table 2
(stratified by site in Supplementary Table 1).

“Definite tuberculosis” and “probable tuberculosis” were 
combined into a “tuberculosis-positive” group for analysis. 
Overall, 320 (27.1%) were tuberculosis positive (310 with defi
nite and 10 with probable tuberculosis), and 854 (72.4%) were 
tuberculosis negative. Alternate diagnoses in the “tuberculosis- 
negative” group and details of the tuberculosis-positive group 
are in Supplementary Tables 2 and 3. Of the enrolled partici
pants, 501 (41.4%) were female, the median (interquartile 
range) age was 34 (25.9–45.1) years, with only 31 (2.6%) 
participants <18 years. Of these participants, 319 (26.3%) had 
a comorbid illness, of whom 110 (9.1%) were with HIV 
(with a median [interquartile range] CD4 cell count of 396/μL 
[213–610/μL]), and 61 (5%) were diabetic. Twenty-nine (9.1%) 

Table 1. Composite Reference Standard Case Definitions in Participants 
Presenting With Symptoms Suggestive of Pulmonary Tuberculosis

Tuberculosis 
Category Study Definition

Definite tuberculosis 
(tuberculosis 
positive)

Sputum culture positive for Mycobacterium 
tuberculosis 
or 
Xpert Ultra positive  higher than ‘trace’ 
or 
Xpert Ultra trace positive, no previous tuberculosis, 
and smear positive

Probable 
tuberculosis 
(tuberculosis 
positive)

Chest radiograph in keeping with active tuberculosis or 
sputum smear positive 
and 
Good response to tuberculosis treatment, with no 
alternate diagnosis made

Possible 
tuberculosis

All sputum tests negative 
and 
Chest radiograph not in keeping with active 
tuberculosis but good response to tuberculosis 
treatment and no alternate diagnosis was made 
or 
Chest radiograph in keeping with active tuberculosis, 
no alternate diagnosis made, but tuberculosis 
treatment response unknown (not treated)

Tuberculosis 
negative

All sputum tests negative, chest radiograph not in 
keeping with active tuberculosis, symptoms resolved 
without tuberculosis treatment or alternate diagnosis 
was made 
or 
Sputum smear positive, Xpert Ultra trace positive, or 
any sputum test transiently positive (negative at 
repeated test), chest radiograph not in keeping with 
active tuberculosis, symptoms resolved without 
treatment or alternate diagnosis was made
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in the tuberculosis-positive group had prior tuberculosis, com
pared with 143 (16.7%) in the tuberculosis-negative group. A 
higher proportion of participants in the tuberculosis-negative 
group tested PCR positive for another respiratory pathogen 
(43.6% vs 31.6% in the tuberculosis-positive group), and 
most of this difference was attributable to bacteria rather 
than viruses.

Performance of the Xpert-HR

At an optimal cutoff of −1.275 or below, the TB score was able to 
discriminate between tuberculosis positive and tuberculosis 

negative in the CRS, with an AUROC of 0.92 (95% CI: 
.88%–.95%) (Figure 2A), a sensitivity of 92.8% (87.0%–96.4%), 
a specificity of 62.5% (57.1%–67.6%), a positive predictive value 
(PPV) of 47.9% (41.6%–54.2%), and a negative predictive value 
(NPV) of 95.9% (92.4%–98.0%). Performance varied between 
sites, with the best sensitivity obtained in The Gambia and the 
poorest in Uganda (Figure 2B). The median TB score different 
between sites, with Uganda having the highest scores in both 
tuberculosis-positive and tuberculosis-negative groups 
(Figure 2C and 2D). Results were similar with an Xpert Ultra ref
erence standard, with an AUROC of 0.92 (95% CI: .89–.95) 

Figure 1. STARD diagram of participants in study. Details of the composite reference standard are provided in Table 1. Abbreviations: CRS, composite reference standard; 
MBT, multibiomarker test; Xpert-HR, Xpert MTB Host Response assay (Cepheid).
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(Figure 3). Performance was similar in the HIV-negative group 
and in the pan-African group (excluding Vietnam) (Figure 3). 
In people with HIV, Xpert-HR had an AUROC of 0.77 (95% 
CI: .54–.99) (Supplementary Figure 1). Using the original 
3-gene signature with KLF2 resulted in slightly poorer perfor
mance, with an optimal cutoff of ≤2.8 yielding an AUROC of 
0.91 (95% CI: .87–.94), a sensitivity of 92.0% (86.1%–95.9%), a 
specificity of 60.7% (55.3%–66%), a PPV of 46.6% (40.5%– 
52.8%), and NPV of 95.3% (91.7%–97.7%) (Supplementary 
Figure 1D).

We also assessed the performance of Xpert-HR using the 
previously identified cutoff of −1.25 or below on all 1154 of 
our results [5]. Using this cutoff, Xpert-HR yielded an 
AUROC of 0.91 (95% CI: .89–.93), with a sensitivity of 93.0% 
(89.9%–95.4%), a specificity of 61.4% (58%–64.7%), a PPV of 

47.2% (43.3%–51.1%) and an NPV of 95.9% (94.1%–97.3%) 
(Supplementary Figure 1E). The detection of another respirato
ry pathogen on nasopharyngeal swab sample did not have any 
significant confounding effect on the Xpert-HR test result 
(Supplementary Figure 1F). Xpert-HR classified as tuberculosis 
positive 3 of 4 (75%) participants with possible tuberculosis 
and 18 of 30 (60.0%) who were “unclassifiable” with the CRS.

Performance of the MBT

The MBT was able to discriminate between tuberculosis posi
tive and tuberculosis negative in the CRS with an AUROC of 
0.91 (95% CI: .86–.96), a sensitivity of 91.4% (81.2%–96.7%), 
a specificity of 73.2% (66.1%–79.3%), a PPV of 52.0% 
(42.2%–61.5%), and an NPV of 96.4% (91.8%–98.6%) at a cut
off of ≥0.36 (Figure 4A). There was similar variation in 

Table 2. Participant Characteristics by Tuberculosis Outcome Classification

Characteristic

Participants by Tuberculosis Outcome, No. (%)a

All 
(n = 1211)

Tuberculosis Positive 
(n = 320)

Tuberculosis Negative 
(n = 854)

Possible Tuberculosis 
(n = 5)

Unclassifiable 
(n = 32)

Female sex 501 (41.4) 88 (27.5) 403 (47.2) 1 (20.0) 9 (28.1)

Age, median (IQR), y 34.4 (25.9–45.1) 32.1 (16.3–47.9) 34.8 (15.2–54.2) 46 (25.8–65.4) 37.6 (17.3–59.9)

BMI, median (IQR)b 20.1 (18–22.9) 18 (14.6–21.4) 20.9 (15.8–26) 21.8 (16–25) 18.2 (14.1–22.3)

Prior tuberculosis 185 (16.5) 29 (9.1) 143 (16.7) 3 (60.0) 10 (31.3)

Tuberculosis features

Cough for >2 wk 1211 (100.0) 320 (100.0) 854 (100.0) 5 (100.0) 32 (100.0)

Night sweats 515 (42.5) 146 (45.6) 354 (41.5) 3 (60.0) 12 (37.5)

Fever 507 (41.9) 172 (53.8) 319 (37.4) 0 16 (50.0)

Loss of weight 593 (48.9) 208 (65.0) 364 (42.6) 3 (60.0) 19 (59.4)

Loss of appetite 484 (39.9) 170 (53.1) 298 (34.9) 3 (60.0) 13 (40.6)

Chest pain 758 (62.6) 216 (67.5) 517 (60.5) 2 (66.7) 23 (71.9)

Chest radiographic cavities 226 (20.2) 176 (55.0) 39 (4.6) 0 11 (34.4)

Comorbid conditions

Any 319 (26.3) 65 (20.3) 241 (28.2) 4 (80.0) 9 (28.1)

Diabetes 60 (5.0) 22 (6.9) 36 (4.2) 0 2 (6.3)

Hypertension 75 (6.2) 11(3.4) 57 (6.7) 0 2 (0.2)

Asthma 33 (2.7) 5 (1.6) 28 (3.3) 0 0

Heart disease 13 (1.1) 5 (1.6) 8 (0.9) 0 0

PWH 110 (9.1) 18 (5.6) 83 (9.7) 3 (60.0) 4 (18.8)

CD4 cell count, median (IQR), cells/μL 396 (213–610) 360 (89–416) 434 (240–631) 379 (NA) 616 (157–667)

Tobacco smoking 507 (41.9) 140 (43.8) 350 (40.9) 2 (40.0) 15 (46.9)

Duration of tobacco smoking, median (IQR), y 14 (7–20) 14 (6.3–20) 14 (6–20) 11.5 (NA) 14 (9–19)

Inhaled drug use 152 (13.6) 45 (14.1) 97 (11.4) 1 (20.0) 6 (18.8)

Other respiratory pathogens

Any pathogenc 487 (40.2) 101 (31.6) 372 (43.6) 2 (40.0) 12 (37.5)

Virusd 294 (24.3) 67 (21.4) 220 (25.8) 0 7 (21.9)

Bacteria 282 (23.3) 51 (15.9) 218 (25.5) 2 (40.0) 11 (34.4)

SARS-CoV-2 (PCR) 114 (9.4) 23 (7.2) 86 (10.1) 0 5 (15.6)

SARS-CoV-2 (antibody)e 372 (65.7) 92 (67.6) 265 (65.4) 1 (33.3) 14 (63.6)

Abbreviations: BMI, body mass index; IQR, interquartile range; NA, not applicable (too few to calculate IQR); PCR, polymerase chain reaction; PWH, people with human immunodeficiency 
virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
aData represent no. (%) of participants unless otherwise specified.
bBMI calculated as weight in kilograms divided by height in meters squared
cIn some participants, nasopharyngeal swab sample PCR demonstrated >1 pathogen (full list in Supplementary Table 4).
dIncluding SARS-CoV-2.
eOnly a subset of 566 participants were tested.
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performance between sites with this test, with the worst sensi
tivity in participants from Vietnam (Figure 4B).The MBT per
formed well when compared to an Xpert Ultra reference 
standard, with a sensitivity of 92.3% (95% CI: 88.1%–95.4%) 
and an NPV of 96.6% (94.7%–97.9%); however, the specificity 
dropped to 64.3% (60.9%–67.6%) (Figure 5). Performance was 
similar in the HIV-negative group and in the pan-African 
group (Figure 5). In people with HIV, the MBT had an 
AUROC of 0.90 (95% CI: .66–1.00) (Supplementary 
Figure 2). Participants with bacteria on nasopharyngeal swab 
sample PCR had a 9% higher likelihood of a false-positive 
MBT result for tuberculosis in the absence of tuberculosis 

disease (P = .004), as shown in Figure 4C. Viral coinfection 
did not affect the test outcome, including SARS-CoV-2 (figure 
4D). MBT classified as tuberculosis positive 1 of 4 participants 
(25.0%) with possible tuberculosis and 12 of 26 (46.2%) who 
were unclassifiable with the CRS.

DISCUSSION

We report a head-to-head prospective evaluation of 2 finger- 
stick blood tests for triage of people presenting with symptoms 
suggestive of tuberculosis in a large, multisite study. Both tests 
performed well, with an AUROC of 0.92 for Xpert-HR and 0.91 
for MBT when evaluated against a CRS, but only the MBT 

Figure 2. Performance of the Xpert MTB Host Response assay (Xpert-HR). A, Area under the receiver operating characteristic (ROC) curve (AUROC) curve for the Xpert-HR 
TB score (using TBP in place of KLF2) against the composite reference standard (CRS). B, ROC curves for the Xpert-HR TB score at different study sites. C, D, Comparative 
median TB scores in participants classified as “tuberculosis positive” (C ) or “tuberculosis negative” (D) by the CRS, at different study sites. Results of independent median 
tests were significant for comparisons of Uganda versus Vietnam (P < .001), Uganda versus South Africa (P = .03), and The Gambia versus Vietnam 
(P = .004) in the tuberculosis-negative group and for Uganda versus The Gambia (P < .001) in the tuberculosis-positive group. Dashed red lines represent the optimal cutoff 
between tuberculosis-positive and tuberculosis-negative classifications in this analysis. Abbreviation: CI, confidence interval.
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reached a specificity of >70%, the minimal requirement of the 
WHO TPP. However, while Xpert-HR was not affected by the 
presence of another respiratory pathogen, the MBT had a 
slightly higher likelihood of yielding a false-positive for tuber
culosis in the presence of other bacteria. Importantly, we found 
a very similar cutoff for the Xpert-HR test, as previously found 
in another large multisite study [5]. The good overall perfor
mance of both tests shows the potential for screening of people 
presenting with respiratory symptoms at a primary care level. It 
will be important to see how these findings translate to individ
uals who are unable to produce sputum, people with HIV, those 
with extrapulmonary tuberculosis, those with asymptomatic 
tuberculosis, and young children—an analysis of the latter is 
currently underway in both The Gambia and Vietnam. It is 
also important to explore whether additional blood or imaging 
biomarkers reduce the number of MBT false-positives caused 
by bacterial infection.

The slight increase in specificity when only African partici
pants were included in the analysis—despite these sites having 
a higher proportion of people with HIV and previous tubercu
losis than the non-African site—is likely due to higher disease 
severity, as shown by the proportion of participants with tuber
culosis who have cavitary disease. Moreover, as seen in several 

previous studies, more severe disease in general is correlated 
with an increase in blood-derived inflammatory signals, with 
better classification seen in people with higher Xpert Ultra 
readings [9, 15]. This suggests that both tests could be investi
gated for their use in monitoring of treatment response, as done 
previously with the MBT [9].

Interestingly, although all other sites showed better specific
ity with the MBT than with the Xpert-HR, the Gambian site 
yielded better specificity with the Xpert-HR. This may also be 
attributable to disease severity. While host genetics should 
not play a role in variability between the 2 tests, the higher 
number of participants with sputum Xpert Ultra “high” grad
ing and smear 3+ ranking (shown in Supplementary Table 3) 
likely indicates a longer time to treatment initiation and 
more severe disease at diagnosis in The Gambia than at the oth
er sites. Higher levels of host inflammatory markers may influ
ence the performance of the messenger RNA (mRNA), and the 
protein-based tests differently since production of mRNA and 
proteins are subject to different kinetics and detection methods.

Major strengths of our study included the evaluation of the 
tests at primary clinics on people presenting with respiratory 
symptoms but before any diagnosis and the use of quantified 
volumes of capillary blood from a finger-stick for both tests, 

Figure 3. Forest plots comparing the measures of diagnostic accuracy for the Xpert MTB Host Response assay (Xpert-HR) between subgroups and sites. A, Sensitivity. B, 
Specificity. C, Positive predictive value (PPV). D, Negative predictive value (NPV). Vertical lines represent World Health Organization target product profile cutoffs of ≥90% 
sensitivity and ≥70% specificity. Abbreviations: CI, confidence interval; CRS, composite reference standard; HIV, human immunodeficiency virus.
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as this procedure is simple and requires minimal training. The 
good performance of the MBT with capillary blood is especially 
promising for translation to remote settings, where tuberculo
sis diagnosis is delayed and costly.

In future, cost, infrastructure requirements, and test setting 
will guide how each test is used in the diagnostic algorithm. 
The Xpert-HR, though it has a quick turnaround time, needs 
a laboratory. Cost of the instrument, cost of the cartridge, and 
the distance between the instrument and the point of care, 
must be considered for cost-effectiveness calculations. MBT 
might be more suitable for widespread use, as the lateral 
flow technology lends itself to bedside use, and cassettes will 
likely cost less to manufacture. It is important to remember 
that these tests were evaluated against the TPP for a triage 
test, which means that people who test positive still require 
further confirmatory testing before starting treatment. 
However, similar to previous reports on the Xpert-HR [5], 
the high NPV of both tests suggest they will be useful as rule- 

out tests, to reduce the number of confirmatory tests needed. 
A point-of-care blood test that can rule out tuberculosis in 
70% of the symptomatic population is preferable to a sputum- 
based molecular test with a higher cost and longer turnaround 
time.

The differences in stage of development of the 2 tests in 
this study is one of the study’s limitations. Even though 
our results suggest a higher diagnostic accuracy and smaller 
percentage of inactionable results with the MBT compared 
with the Xpert-HR (0.2% vs 3.7%, respectively), the MBT 
will have to be assessed in larger prospective studies with a 
final, design-locked version of the lateral flow cassette, simi
lar to that used for Mycobacterium leprae [16, 17]. In addi
tion, the number of people with HIV in our study was too 
small (110 [9.1%]) for analysis.

In conclusion, we show the potential for 2 novel quantitative 
point-of-care assays using finger-stick blood as triage tests for 
symptomatic pulmonary tuberculosis. That the mRNA and 

Figure 4. Performance of the multibiomarker test (MBT). A, Receiver operating characteristic (ROC) curve for the MBT against the composite reference standard. B, ROC 
curves for the MBT at different study sites. C, Effect of bacteria detectable with nasopharyngeal swab sample polymerase chain reaction (PCR) on the MBT (P = .004 for the 
tuberculosis-negative group). D, Effect of a virus detectable with nasopharyngeal swab sample PCR on the MBT. Dashed red lines represent the optimal cutoff between 
“tuberculosis positive” and “tuberculosis negative” in this analysis. Abbreviations: AUROC, area under the ROC; CI, confidence interval.
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protein-based assay yielded similar sensitivities is relevant to 
the field and will allow flexibility in diagnostic pathways be
tween different tiers of the healthcare system. Importantly, 
both tests provide rapid sample-to-result time and do not re
quire extensively trained personnel. Same-day test results will 
allow immediate and appropriate referrals for confirmatory 
testing and narrow the gaps in the tuberculosis care cascade.
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