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ABSTRACT The Truenat MTB Plus assay is a rapid molecular test that has been rec-
ommended by the World Health Organization since 2020 as an initial test to detect
tuberculosis (TB). The WHO highlighted the need to further evaluate assay perform-
ance to inform future recommendations, including in people living with HIV and
compared to the Xpert MTB/RIF assay. We conducted a prospective evaluation of
the diagnostic accuracy of the Truenat assay in Cameroon, a country with a high
burden of HIV/TB. Adult outpatients were recruited at four hospitals; demographic
information and medical history were collected, and participants produced two spu-
tum specimens. Truenat and Xpert testing was performed on the same specimen,
and performance was compared to TB culture as the reference standard. From
November 2019 to December 2020, 945 participants were enrolled and included in
the analysis. Among 251 participants with culture-positive TB, the sensitivity of
Truenat MTB Plus was 91% (95% confidence interval [Cl], 86 to 94%), similar to Xpert
(90%; 95% Cl, 86 to 93%). Among 74 HIV-positive participants with culture-positive
TB, the sensitivity of Truenat MTB Plus was 85% (95% Cl, 75 to 92%) compared to
81% for Xpert (95% Cl, 70 to 89%). Among 47 participants with smear-negative TB,
the sensitivity of Truenat MTB Plus was 55% (95% Cl, 40 to 70%), similar to Xpert
(53%; 95% Cl, 38 to 68%). The specificity of Truenat MTB Plus was 96% (95% Cl, 94
to 97%) compared to 99% (95% Cl, 97 to 99%) for Xpert. For TB detection compared
to the reference standard of TB culture, the performance of the Truenat MTB Plus
assay was similar to that of Xpert in this population, including among people living
with HIV.

KEYWORDS Mpycobacterium tuberculosis, diagnostics, molecular methods Editor Christine Y. Turenne, University of
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Evaluation of the Truenat MTB Plus Assay to Detect TB

disease from more readily obtainable, nonsputum specimens are in development and
may greatly improve TB elimination efforts (4, 5). However, such tests are not yet
widely available, and at present, diagnostic testing for TB is still typically sputum and
hospital based.

The currently recommended algorithms to diagnose TB include the use of molecu-
lar-based tests to detect TB and drug-resistant TB (6, 7). The Xpert MTB/RIF assay
(Cepheid, USA), a rapid molecular diagnostic tool for TB, was recommended by the
World Health Organization (WHO) in 2010, and the Xpert MTB/RIF Ultra assay, a more
sensitive test, was recommended in 2017. Use of the GeneXpert system with both the
Xpert and Ultra assays has been widely scaled up; however, uptake in some settings
has been hindered by issues such as the relatively high cost of the tests, lack of avail-
ability of the required infrastructure needs for the equipment, and technical challenges
to keep the instruments running (8, 9). Until 2020, the Xpert system was the only
WHO-recommended option for rapid molecular detection of TB and rifampin-resistant
TB; however, it is beneficial for end-users to have access to multiple options for diag-
nostic testing (10).

The TrueNat MTB Plus assay (Molbio Diagnostics, India) is a more recently available
molecular test that runs on the portable, battery-operated Truenat platform and, to
date, has been used primarily in India (11-16). In 2020, the WHO recommended the
TrueNat MTB or MTB Plus assay as the initial diagnostic test for TB rather than smear
microscopy/culture, along with the Truenat MTB-RIF Dx for detection of rifampin resist-
ance in people with a positive Truenat MTB or MTB Plus result (17). This recommenda-
tion followed a multicenter evaluation of the Truenat assays conducted by the
Foundation for Innovative New Diagnostics (FIND) at seven sites in four countries (18).
The WHO has highlighted the need for additional evaluations of the diagnostic accu-
racy of these assays in a variety of settings and populations, including for people living
with HIV, to inform future recommendations (6).

Cameroon has a high burden of TB/HIV, and in 2020, only an estimated 48% of peo-
ple with TB were diagnosed and treated for the disease (1). The country has an esti-
mated TB incidence of 174 per 100,000 people, an HIV prevalence among adults of
2.7% (19), and an HIV/TB incidence of 42/100,000 (1). Rapid, sensitive tests for TB detec-
tion have the potential to greatly improve TB diagnosis and care in this setting.

In this study, we assessed the sensitivity and specificity of the Truenat MTB Plus
assay compared with the Xpert MTB/RIF assay and against TB culture as a reference
standard. This evaluation was performed on sputum samples collected from ambula-
tory adults presenting with TB symptoms at four hospitals in Cameroon.

MATERIALS AND METHODS

Setting and study design. This was a prospective, multisite, diagnostic accuracy study. The primary
objective was to evaluate the sensitivity and specificity of the Truenat MTB Plus to detect Mycobacterium
tuberculosis complex compared to the reference standard of TB culture. The secondary objective was to
compare the sensitivity and specificity of the Truenat MTB Plus assay with those of the Xpert MTB/RIF
assay, which was the assay most widely used in Cameroon at the time of the study. While the Truenat
MTB Plus is designed to be used with the Truenat MTB RIF Dx assay to detect rifampin resistance in peo-
ple with TB, we did not include an evaluation of the performance of the MTB RIF Dx assay to detect
rifampin-resistant TB as part of this work. The study was conducted in four hospitals in three regions of
the country: the Mbingo Baptist Hospital and the Nkwen Baptist Health Center (Northwest region), the
Mutengene Baptist Hospital (Southwest region), and the Mboppi Baptist Hospital (Littoral region).
Laboratory testing was performed at the Tuberculosis Reference Laboratory Bamenda, which is accred-
ited in accordance with the recognized International Standard 1SO 15189:2012 (SANAS Accredited
Medical Laboratory, no. M0593). This study was approved by the Institutional Review Board of the
Cameroon Baptist Convention Health Board (IRB2019-26). All participants provided written informed
consent.

Participants. Consecutive people aged 15 years of age and older who were referred for TB testing
to the laboratories of any of the four study sites were screened for eligibility. People with a prolonged
cough of at least 2 weeks and any one or more of fever, night sweats, and/or weight loss were invited to
participate. Individuals who were currently on TB treatment or who reported having taken any TB treat-
ment within the previous 6 months were excluded. After providing written informed consent, a ques-
tionnaire was administered to the participants, including details of any previous TB treatment history.
Anyone not known to be HIV positive and without a negative HIV result within the previous 1 month
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A. Participant flow B. Specimen flow
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FIG 1 Flow of people in study (A), and flow of specimens in study (B). For specimen testing at the reference
laboratory, each sputum specimen of =4 mL was homogenized, and then ~50 uL was aliquoted and tested by
direct smear microscopy, 0.5 mL was aliquoted and tested for each of the Xpert MTB/RIF and Truenat MTB Plus
assays, and 0.5 mL of the resuspended pellet after sputum processing was inoculated into mycobacterial
growth indicator tube (MGIT) liquid culture media, with 0.2 mL inoculated onto Lowenstein-Jensen (LJ) solid
culture media; the remaining sputum was stored for retesting or additional testing as needed.

was counseled and offered HIV testing, following routine practice at the study hospitals. Participants
were contacted at 2 months postenrollment to document their clinical and TB treatment status.
Individual participant data are available as supplemental material (see Data Set S1 in the supplemental
material).

Specimen collection. All participants were instructed on how to produce two sputum specimens
with a volume of at least 4 mL each. Participants were asked to collect sputum into 50-mL tubes until
this volume was reached; in cases where the volume of sputum was not sufficient, the specimens were
processed and testing results provided to the clinicians as usual, but the participant was considered as
an early exclusion and the data were not included in the analysis. In some cases, the first specimen was
produced on the spot and the second specimen was produced in the early morning on a subsequent
day. If the participant could not expectorate a spot specimen, then a first morning specimen and a sub-
sequent second specimen was collected on the spot or as a second morning specimen as possible.
Specimens were stored at 2 to 8°C and transported to the reference laboratory, where all laboratory test-
ing was performed.

Laboratory methods. Sputum specimens of >4 mL were initially homogenized by vortexing the
specimens with 3-mm sterile glass beads for 20 min. Then, the homogenized sputum was aliquoted for
direct microscopy (50 wl), culture processing (1.25 mL), Truenat testing (0.5 mL), and Xpert testing
(0.5 mL), and the remainder was stored for additional testing as needed.

(i) Reference standard. For each homogenized sputum specimen, a direct microscopy smear with
approximately 50 uL sputum was prepared and examined for acid-fast bacilli (AFB) by fluorescence mi-
croscopy. Then, 1.25 mL of sputum was processed using the N-acetyl-L-cysteine-NaOH (NALC-NaOH)
method for TB culture (20). After centrifugation, the pellet was resuspended in the same volume as the
starting sputum (1.25 mL) of phosphate-buffered saline (PBS) buffer; then, 0.5 mL was inoculated on
mycobacterial growth indicator tubes (MGIT; BD Diagnostic Systems, Sparks, MD, USA) using the Bactec
MGIT 960 system, and ~0.2 mL was inoculated on Lowenstein-Jensen media. Cultures positive for acid-
fast bacilli were tested for M. tuberculosis complex by MPT64 antigen detection (Standard Diagnostics,
Republic of Korea). Isolates that were AFB positive and negative by MPT64 antigen testing were tested
for mycobacterial identification using the GenoType Mycobacterium CM and AS line probe assays (Hain
Lifescience, Germany) according to the manufacturer’s instructions. Cultures were read without refer-
ence to other diagnostic test results.

(i) Index test. A total of 0.5 mL of homogenized sputum was added to 3 mL specimen reagent (lysis
buffer) for nucleic acid extraction on the Trueprep Auto Universal cartridge (Molbio, India). The elute
obtained was tested using the Truenat MTB Plus assay (Molbio, India) following the manufacturer’s
instructions (21). The Truenat MTB Plus assay produces results of invalid, error, MTB (M. tuberculosis com-
plex) not detected, or MTB detected with a grade of high, medium, low, or very low.

(iii) Comparator test. A total of 0.5 mL of homogenized sputum was added to 1.5 mL of the Xpert
specimen reagent and tested using the Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA) following
the manufacturer’s instructions. The Xpert MTB/RIF assay produces results of invalid, error, MTB not
detected, or MTB detected with a grade of high, medium, low, or very low.

(iv) Review of discordant results. For specimens that tested positive on the Truenat MTB Plus and
had negative results by the reference standard of culture, sputum was also tested on the Xpert MTB/RIF
Ultra assay. This testing was performed to evaluate whether TB was also detected using this assay, which
has a higher sensitivity than the comparator Xpert MTB/RIF assay.
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TABLE 1 Clinical and demographic characteristics of 945 participants by tuberculosis culture
result

TB culture result?

Characteristic All participants (n = 945)* Positive (n = 251) Negative (n = 694)
Age, yrs 42 (32-55) 37 (28-47) 44 (34-58)
Female sex 494 (52) 99 (39) 395 (57)
History of TB 135 (14) 24 (10) 111 (16)
HIV infection® 352 (37) 74 (30) 278 (40)
Hospital
1 98 (10) 15 (6) 83(12)
2 108 (11) 15 (6) 93(13)
3 550 (58) 174 (69) 376 (54)
4 189 (20) 47 (19) 142 (21)

9Data are given as median (interquartile range) or number (%).
bTwo participants did not have HIV status recorded.

Data analysis. Definitions of TB cases were based on four cultures, one automated liquid culture
and one solid culture from each of two sputum specimens, as shown in Fig. 1B. Participants for whom at
least one culture was positive for TB were defined as having culture-positive TB; among these, anyone
with at least one smear positive for TB was defined as smear positive, while individuals with culture-posi-
tive TB who had both smears negative for TB were defined as having smear-negative TB. Participants for
whom at least one culture was negative for TB and with no cultures positive for TB were defined as cul-
ture negative for TB.

Data from the study files and laboratory registers were double entered and validated by comparison.
Participants were characterized using simple descriptive statistics. To evaluate the sensitivity and speci-
ficity of the Truenat and Xpert assays, we calculated the point estimates with 95% confidence intervals
(Cls) using the Wilson score method (22, 23). We referred to the recent guidance for conducting studies
to evaluate the accuracy of sputum-based tests to detect TB for study design and reporting of results
(24). The Standards for Reporting of Diagnostic Accuracy (STARD) recommendations were followed for
reporting these data (25). Analyses were performed in R version 4.1.2 (26).

Data availability. All data used for the analysis are presented in the paper and its supplemental
material.

RESULTS

Participants were enrolled from 19 November 2019 to 2 April 2020 and from 7 July
2020 to 20 December 2020; the study was paused from April to July 2020 due to lock-
downs during the COVID-19 pandemic. A total of 1,030 adults with cough >2 weeks and
one other symptom who were consecutively referred and presented for laboratory testing
at the four hospitals were invited to be enrolled in the study and were screened for TB
and HIV, as shown in the participant and specimen flow (Fig. 1). There were 52 participants
who, after enrollment, did not provide two specimens or did not provide specimens with
sufficient volume (early exclusions). In addition, there were 29 participants with one or
more results missing and 4 participants with smear-positive, culture-negative results who
were excluded. Data from a total of 945 participants were included in the final analysis.

Of the 945 participants included in the analysis, the median age was 42 years (inter-
quartile range [IQR], 32 to 55), 494 (52%) were female, 352 people (37%) were HIV posi-
tive, and 135 (14%) had a history of TB treatment (Table 1). A total of 251 participants
(27%) had culture-positive TB, and 47 of these (19%) had smear-negative, culture-posi-
tive TB. The majority of participants were enrolled from one hospital (550 participants,
58%), and 174 (32%) participants from this hospital had culture-positive TB.

The sensitivity of the Truenat MTB Plus assay compared to culture for the first sputum
specimen collected was 91% (95% Cl, 86 to 94%), as shown in Table 2, and was similar to
the Xpert sensitivity (90%; 95% Cl, 86 to 94%) in this population. Among participants
with smear-negative, culture-positive TB, the sensitivity of the Truenat MTB Plus was
55% (95% Cl, 40 to 70%) compared to 53% (95% Cl, 38 to 68%) with Xpert MTB/RIF.

Among the 74 participants with HIV infection and culture-positive TB, the sensitivity
of the Truenat MTB Plus was 85% (95% Cl, 75 to 92%) and that of Xpert was 81% (95%
Cl, 70 to 89%). The sensitivity of the Truenat MTB Plus to detect TB in 26 people with
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TABLE 2 Sensitivity and specificity of the Truenat MTB Plus assay and Xpert MTB/RIF assay compared to the reference standard of TB culture®

Assay and No. true No. false No. false No. true Sensitivity Specificity
demographic Total no. positive positive negative negative % (95% Cl) % (95% Cl)
Truenat MTB Plus
All participants 945 228 31 23 663 91 (86-94) 96 (94-97)
HIV status®
HIV positive 352 63 1 11 267 85 (75-92) 96 (93-98)
HIV negative 591 164 20 12 395 93 (88-96) 95 (93-97)
Smear status®
Smear negative 47 26 21 55 (40-70)
HIV positive 26 15 11 57 (37-76)
Smear positive 204 202 2 99 (96-100)
History of TB
History of TB 135 22 8 2 103 92 (72-99) 93 (86-97)
No history of TB 810 206 23 21 560 91 (86-94) 96 (94-97)
Xpert MTB/RIF
All participants 945 227 10 24 684 90 (86-94) 99 (97-99)
HIV status®
HIV positive 352 60 5 14 273 81 (70-89) 98 (96-99)
HIV negative 591 166 5 10 410 94 (90-97) 99 (97-100)
Smear status®
Smear negative 47 25 22 53 (38-68)
HIV positive 26 12 14 46 (27-66)
Smear positive 204 202 2 99 (96-100)
History of TB
History of TB 135 21 4 3 107 88 (67-97) 96 (90-99)
No history of TB 810 206 6 21 577 91 (86-94) 99 (98-100)

aResults for all participants and by HIV status, smear status (sensitivity), and history of TB, for a total of 945 participants included in the analysis (251 culture positive and 694

culture negative).
bTwo participants did not have HIV status recorded.
cAmong people with culture-positive TB.

HIV infection and smear-negative, culture-positive TB was 57% (15/26; 95% Cl, 37 to
76%), while the sensitivity of Xpert in this population was similar (46%, 12/26; 95% Cl,
27 to 66%).

Among all participants, the specificity of the Truenat MTB Plus was 96% (95% Cl, 94 to
97%) compared to 99% (95% Cl, 97 to 99%) for the Xpert MTB/RIF assay. Among partici-
pants with a history of TB, the specificity for the Truenat MTB Plus was 93% (95% Cl, 86 to
97%) and that for the Xpert MTB/RIF was 96% (95% Cl, 90 to 99%). Of the 694 participants
without cultures positive for TB, 59 (8.5%) had results of one or two cultures positive for
AFB and identified as nontuberculous mycobacteria. The distribution of nontuberculous
mycobacteria that were detected are shown in Table S2 in the supplemental material. All
of the specimens with cultures identified as nontuberculous mycobacteria had results of
TB not detected on Truenat MTB Plus, which is in line with manufacturer’s data that the
Truenat MTB Plus assay is highly specific for the detection of Mycobacterium tuberculosis
complex (21).

Adding a second Truenat test for a second sputum specimen increased the sensitiv-
ity to detect TB among participants with culture-positive TB to 92% (95% Cl, 88 to
95%) and decreased specificity among those without culture-positive TB to 93% (95%
Cl, 91 to 95%), as shown in Table S1 in the supplemental material.

The proportion of Truenat MTB Plus assays with indeterminate results is summar-
ized in Table S3 in the supplemental material. For the lot of Truenat MTB Plus tests
used for most tests in this study, 90% (1,217/1,343) of the tests produced valid results
on the first amplification attempt; the remaining 10% were a combination of errors
(4%) and invalid (6%) results. Of specimens with an indeterminate result on the first
attempt, 79% (110/140) had a valid result on the second attempt using leftover
extracted nucleic acid. After two attempts, 2% (30/1,343) of specimens had results that
were uninterpretable.

Of the 31 participants with a first sputum specimen with a Truenat MTB Plus result
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of TB detected and with culture results negative for TB (false positives), 74% (23/31)
had a second molecular test result positive for TB either on the same specimen or a
second specimen from the same participant. Details of individual participant character-
istics, TB testing results, and outcomes for these 31 participants are shown in Table S4
in the supplemental material.

Among 299 participants with any molecular and/or culture result with TB detected,
all were eligible for treatment, and 274 (92%) started anti-TB treatment, including 4
people who started treatment for multidrug-resistant TB based on confirmed resist-
ance to rifampin. Among the 25 who did not initiate anti-TB treatment, 7 participants
died and 10 were lost to follow-up prior to starting treatment, while the remaining 8
did not start treatment for various reasons. Of the 274 participants who started TB
treatment, 257 (94%) were alive on treatment at 2 months follow-up, while 7 partici-
pants had died (including 5 who were HIV positive), and 10 people were lost to follow-
up after starting treatment. Detailed results by individual are shown in the full data set
(see Data Set S1 in the supplemental material).

DISCUSSION

In this study of 945 people with symptoms of TB conducted in four hospitals in
Cameroon, the Truenat MTB Plus assay had a sensitivity of 91% (228/251) to detect TB
among those with culture-positive TB; this was similar to the performance of the Xpert
MTB/RIF assay to detect TB in this population. Our study provides useful data on the
performance of the Truenat MTB Plus assay among people living with HIV, which has
not yet been described in other evaluations of this new assay. Among 74 HIV-positive
people with culture-positive TB, the sensitivity was 85% (63/74; 95% Cl, 75 to 92%) for
the Truenat MTB Plus assay and 81% (60/74; 95% Cl, 70 to 89%) for the Xpert MTB/RIF
assay.

Comparable overall performance of the Truenat MTB Plus with the Xpert MTB/RIF
assay was also found in a recent multisite, multicountry evaluation of the Truenat
assays (18). In that evaluation, the sensitivity of the Truenat MTB Plus assay was lower
than that found here: at reference laboratories, the Truenat MTB Plus had a sensitivity
of 85% (95% Cl, 81 to 88%). This lower sensitivity may be attributable, at least in part,
to the higher proportion of people with smear-negative, culture-positive TB in that
population compared to the population studied here (30% versus 19%).

In this evaluation, the overall specificity of the Truenat MTB Plus assay was 96%; 31 of
694 participants with culture-negative results for TB had a result of MTB detected on the
Truenat MTB Plus assay. For the purpose of the diagnostic accuracy evaluation, these
results are considered as false positives compared to the reference standard of culture.
However, following WHO guidance, any result of TB detected by Truenat, Xpert, or culture
is considered as bacteriological confirmation of TB, and it is recommended that a person
to be evaluated for TB who has bacteriological confirmation of TB should be started on TB
treatment (6). While culture is considered the best currently available reference standard,
its performance to detect TB depends on a variety of factors, including the method and
media used (solid and/or automated liquid culture), the number of specimens cultured
per person, the condition of the specimen prior to processing, and the details of the proc-
essing method to decontaminate and concentrate the TB bacilli for inoculation. In this
study, we cultured specimens on both automated liquid and solid media using standar-
dized protocols, and we cultured two specimens from each participant, for a total of four
cultures on two types of media for each participant, which provides a strong reference
standard for TB culture. Because the molecular tests detect bacterial DNA, the presence of
the DNA detected in specimens from the 31 participants with culture-negative results sug-
gests that these participants produced sputum with TB DNA that was either nonviable or
at too low of a concentration to be detected on culture, even when using four cultures
per participant. Among these 31 Truenat-positive, culture-negative results, 25 had grades
of very low and 6 were graded as low, with DNA detection at a relatively high cycle thresh-
old (G, value. TB bacterial DNA may be detected in specimens that are culture-negative
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for TB and not indicative of current TB disease in people who have a recent history of
treatment of TB; in this case, the presence of TB DNA in the sputum is considered to be
part of the previous disease process (27). In this study, there were 8 of the 31 people with
Truenat-positive, culture-negative results who had a history of TB treatment, and although
all but one of these had completed treatment more than 1 year prior to the test (see Table
S4 in the supplemental material), it is possible that some of these people had DNA
detected in their sputum due to prior rather than current TB disease. The detection of TB
DNA in sputum from people with TB culture-negative results has also been described for
other molecular assays, including for the Xpert and the Ultra assays (28, 29). The clinical
interpretation of these results to determine whether the detection of DNA is linked to cur-
rent disease would require more intensive clinical follow-up for the participants than we
conducted here. Further research is needed to better define preferred patient manage-
ment for these cases.

Two Truenat assays have been developed for the detection of TB, the Truenat MTB
and the Truenat MTB Plus assays. The target sequence of the Truenat MTB assay is the
nrdB gene (30), and the target sequences of the Truenat MTB Plus assay are the nrdZ
gene and the multicopy IS6770 insertion element (21). The inclusion of the insertion
element sequences in the MTB Plus assay provides additional sensitivity for TB detec-
tion, with the MTB Plus assay having a limit of detection of approximately 30 CFU per
mL, while the MTB assay has a limit of detection of approximately 100 CFU/mL as
reported by the manufacturer (21, 30). For this analysis, we chose to evaluate the per-
formance of the Truenat MTB Plus assay, due to its higher potential sensitivity and
therefore higher perceived value in our setting. The two Truenat assays parallel the
two Xpert assays, though with different TB detection mechanisms. The primers in the
Xpert MTB/RIF assay amplify portions of the rpoB gene, and the primers in the Xpert
MTB/RIF Ultra assay amplify portions of the multicopy IS7087 and IS6110 insertion ele-
ments for TB detection, with reported limits of detection of approximately 113 CFU/mL
and 16 CFU/mL, respectively (31). In our study, some specimens that were positive on
the Truenat MTB Plus assay and negative on the Xpert MTB/RIF assay were also positive
on the Xpert MTB/RIF Ultra assay (Table S4); this is in line with the relatively higher
expected sensitivity for the Ultra and Truenat MTB Plus assays compared to the Xpert
MTB/RIF assay based on the mechanisms of TB detection. The Truenat MTB Plus and
Ultra assays have also demonstrated higher sensitivity compared to the Xpert MTB/RIF
assay in a previous study (18).

This study had several strengths. All laboratory testing was performed at an accred-
ited reference laboratory with strong quality control and quality assurance procedures
for TB diagnostic testing, as recommended for initial evaluations of new diagnostics
(24). For specimen flow, collection of =4 mL of sputum and homogenization of the
sputum prior to further processing facilitated performance of the index test (Truenat
MTB Plus), the comparator test (Xpert), and the reference standard (TB culture) on the
same specimen; this is the preferred specimen flow to evaluate assay performance in
recent guidance for evaluation of sputum-based tests for TB diagnosis (24). We used a
reference standard of four cultures from two specimens collected on 2 days, which
provides a relatively robust reference for TB culture, in line with recommendations for
culture reference standards from recent systematic reviews (28, 32). We also reported
on the identification of culture isolates containing nontuberculous mycobacteria, pro-
viding evidence to better evaluate the specificity of this new assay. Truenat MTB Plus
testing was performed on each of the two specimens provided by the participants, en-
abling estimation of the additional sensitivity of the assay when performing a second
test for each person to be evaluated for TB. Also, we evaluated the outcomes of all par-
ticipants for the start of TB treatment and for their vital status at 2 months postenroll-
ment as patient important outcomes.

There were also several limitations to this study. We compared the performance of
the Truenat MTB Plus assay with the Xpert MTB/RIF assay but not the Xpert MTB/RIF
Ultra assay; because the Ultra is the more sensitive assay of the two, the comparison of
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the performance Truenat MTB Plus with the Ultra will also be of strong interest for
future studies. The study population included only 47 participants with smear-nega-
tive, culture-positive TB, so the estimates of assay sensitivity and specificity in this pop-
ulation have wide confidence intervals. In order to perform the index, comparator, and
reference standard testing on the same specimen, we only included data from partici-
pants who were able to produce two specimens of at least 4 mL in volume; this may
have led to the exclusion of people with paucibacillary disease who may be less likely
to produce such a relatively large amount of sputum. Also, while participants were en-
rolled at four sites across Cameroon, most participants (58%) were from one site, and
this evaluation includes people from only one country, potentially limiting the general-
izability of the results. We did not evaluate the performance of the assay at peripheral
laboratories, which are the primary intended setting of use; studies in other settings
have evaluated the performance of the assay when performed directly at microscopy
centers and hospitals, with good performance reported in these initial studies (14, 18).

In conclusion, the findings reported here provide support for the use of the Truenat
MTB Plus assay as a sensitive diagnostic test for TB, including in people living with HIV,
as recently recommended by the WHO. Additional information about the interpreta-
tion and use of Truenat-positive, culture-negative results are needed to better inform
patient management.

SUPPLEMENTAL MATERIAL
Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.3 MB.
SUPPLEMENTAL FILE 2, XLSX file, 0.1 MB.

ACKNOWLEDGMENTS

We thank the participants and their families for making this study possible. We also
thank the health care workers at the various study sites who facilitated this work.

This study was funded by the Stop TB Partnership’s TB REACH Initiative, through funding
from Global Affairs Canada grant number CA-3-D000920001 (https://w05.international.gc.ca/
projectbrowser-banqueprojets/project-projet/details/D000920001). The funder had no role in
study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

We have no conflicts of interest to declare. J.C. and Z.Z.Q. work at the Stop TB
Partnership Secretariat. They do not make funding decisions but provide technical
support to selected projects.

REFERENCES

1. World Health Organization. 2020. Global tuberculosis report 2021. World tuberculosis diagnostics for all? EBioMedicine 78:103939. https://doi.org/

Health Organization, Geneva, Switzerland. https://www.who.int/publications/
i/item/9789240037021. Accessed 31 January 2022.

. World Health Organization. 2019. Global tuberculosis report 2020. World
Health Organization, Geneva, Switzerland. https://www.who.int/publications/
i/item/9789240013131. Accessed 31 January 2022.

. Reid MJA, Arinaminpathy N, Bloom A, Bloom BR, Boehme C, Chaisson R, Chin
DP, Churchyard G, Cox H, Ditiu L, Dybul M, Farrar J, Fauci AS, Fekadu E,
Fujiwara PI, Hallett TB, Hanson CL, Harrington M, Herbert N, Hopewell PC,
lkeda C, Jamison DT, Khan AJ, Koek |, Krishnan N, Motsoaledi A, Pai M,
Raviglione MC, Sharman A, Small PM, Swaminathan S, Temesgen Z, Vassall
A, Venkatesan N, van Weezenbeek K, Yamey G, Agins BD, Alexandru S,
Andrews JR, Beyeler N, Bivol S, Brigden G, Cattamanchi A, Cazabon D, Crudu
V, Daftary A, Dewan P, Doepel LK, Eisinger RW, Fan V, et al. 2019. Building a
tuberculosis-free world: the Lancet commission on tuberculosis. Lancet 393:
1331-1384. https://doi.org/10.1016/50140-6736(19)30024-8.

. MacLean E, Broger T, Yerlikaya S, Fernandez-Carballo BL, Pai M, Denkinger
CM. 2019. A systematic review of biomarkers to detect active tuberculosis.
Nat Microbiol 4:748-758. https://doi.org/10.1038/541564-019-0380-2.

. Nathavitharana RR, Garcia-Basteiro AL, Ruhwald M, Cobelens F, Theron G.

2022. Reimagining the status quo: how close are we to rapid sputum-free

August 2022 Volume 60 Issue 8

10.1016/j.ebiom.2022.103939.

. World Health Organization. 2020. WHO consolidated guidelines on tuber-

culosis. Module 3: diagnosis - rapid diagnostics for tuberculosis detec-
tion. World Health Organization, Geneva, Switzerland.

. MacLean E, Kohli M, Weber SF, Suresh A, Schumacher SG, Denkinger CM,

Pai M. 2020. Advances in molecular diagnosis of tuberculosis. J Clin Micro-
biol 58:€01582-19. https://doi.org/10.1128/JCM.01582-19.

. Albert H, Nathavitharana RR, Isaacs C, Pai M, Denkinger CM, Boehme CC.

2016. Development, roll-out and impact of Xpert MTB/RIF for tuberculo-
sis: what lessons have we learnt and how can we do better? Eur Respir J
48:516-525. https://doi.org/10.1183/13993003.00543-2016.

. Pai M, Furin J. 2017. Tuberculosis innovations mean little if they cannot

save lives. Elife 6:1-9. https://doi.org/10.7554/eLife.25956.

. Pai M, Schito M. 2015. Tuberculosis diagnostics in 2015: landscape, prior-

ities, needs, and prospects. J Infect Dis 211:521-528. https://doi.org/10
.1093/infdis/jiu803.

. Nikam C, Jagannath M, Narayanan MM, Ramanabhiraman V, Kazi M, Shetty

A, Rodrigues C. 2013. Rapid diagnosis of Mycobacterium tuberculosis with
Truenat MTB: a near-care approach. PLoS One 8:51121. https://doi.org/10
.1371/journal.pone.0051121.

10.1128/jcm.00155-22 8

Downloaded from https://journals.asm.org/journal/jcm on 06 November 2024 by 114.143.151.34.


https://w05.international.gc.ca/projectbrowser-banqueprojets/project-projet/details/D000920001
https://w05.international.gc.ca/projectbrowser-banqueprojets/project-projet/details/D000920001
https://www.who.int/publications/i/item/9789240037021
https://www.who.int/publications/i/item/9789240037021
https://www.who.int/publications/i/item/9789240013131
https://www.who.int/publications/i/item/9789240013131
https://doi.org/10.1016/S0140-6736(19)30024-8
https://doi.org/10.1038/s41564-019-0380-2
https://doi.org/10.1016/j.ebiom.2022.103939
https://doi.org/10.1016/j.ebiom.2022.103939
https://doi.org/10.1128/JCM.01582-19
https://doi.org/10.1183/13993003.00543-2016
https://doi.org/10.7554/eLife.25956
https://doi.org/10.1093/infdis/jiu803
https://doi.org/10.1093/infdis/jiu803
https://doi.org/10.1371/journal.pone.0051121
https://doi.org/10.1371/journal.pone.0051121
https://journals.asm.org/journal/jcm
https://doi.org/10.1128/jcm.00155-22

Evaluation of the Truenat MTB Plus Assay to Detect TB

12.

20.

21.

22.

23.

Nikam C, Kazi M, Nair C, Jaggannath M, Manoj M, Vinaya R, Shetty A,
Rodrigues C. 2014. Evaluation of the Indian TrueNAT micro RT-PCR device
with GeneXpert for case detection of pulmonary tuberculosis. Int J Myco-
bacteriol 3:205-210. https://doi.org/10.1016/j.ijmyco.2014.04.003.

. Jeyashree K, Shanmugasundaram D, Rade K, Gangakhedkar RR, Murhekar

MV. 2020. Impact and operational feasibility of TrueNat MTB/Rif under
India’s RNTCP. Public Health Action 10:87-91. https://doi.org/10.5588/
pha.20.0004.

. Lee DJ, Kumarasamy N, Resch SC, Sivaramakrishnan GN, Mayer KH,

Tripathy S, Paltiel AD, Freedberg KA, Reddy KP. 2019. Rapid, point-of-care
diagnosis of tuberculosis with novel Truenat assay: cost-effectiveness
analysis for India’s public sector. PLoS One 14:0218890. https://doi.org/
10.1371/journal.pone.0218890.

. Jose RA, Gopal K, Johnson AKS, Samuel JAJ, Abraham SS, Goswami T,

Thomas M, Mathew R. 2021. Evaluation of Truenat MTB/RIF test in com-
parison with microscopy and culture for diagnosis of extrapulmonary tu-
berculosis in a tertiary care centre. J Clin Diag Res 15:DC05-DC09. https://
doi.org/10.7860/JCDR/2021/46815.14432.

. Stop TB Partnership, USAID, GLI. 2021. Practical guide to implementation

of Truenat tests for the detection of TB v2. Stop TB Partnership, Geneva
Switzerland. http://stoptb.org/assets/documents/resources/publications/
sd/Truenat_Implementation_Guide.pdf.

. World Health Organization. 2020. Rapid communication: molecular

assays as initial tests for the diagnosis of tuberculosis and rifampicin re-
sistance. World Health Organization, Geneva, Switzerland. https://www
.who.int/publications-detail-redirect/9789240000339.

. Penn-Nicholson A, Gomathi SN, Ugarte-Gil C, Meaza A, Lavu E, Patel P,

Choudhury B, Rodrigues C, Chadha S, Kazi M, Macé A, Nabeta P, Boehme
C, Gangakhedkar RR, Sarin S, Tesfaye E, Gotuzzo E, Du Cros P, Tripathy S,
Ruhwald M, Singh M, Denkinger CM, Schumacher SG, Truenat Trial Con-
sortium. 2021. A prospective multicentre diagnostic accuracy study for
the Truenat tuberculosis assays. Eur Respir J 58:2100526. https://doi.org/
10.1183/13993003.00526-2021.

. Institut National de la Statistique (INS) et ICF. 2020. Enquéte Démographique

et de Santé du Cameroun 2018. https://dhsprogram.com/publications/
publication-FR360-DHS-Final-Reports.cfm.

Kent PT, Kubica GP. 1985. Public health mycobacteriology: a guide for the
level Il laboratory. U.S. Department of Health and Human Services, Public
Health Service, Centers for Disease Control, Atlanta, GA.

Molbio Diagnostics Pvt. Ltd. 2022. Truenat MTB Plus: chip-based real time
PCR test for Mycobacterium tuberculosis. Molbio Diagnostics, Verna, India.
https://www.molbiodiagnostics.com/uploads/product_download/20220107
.133208~Truenat-MTB-Plus-packinsert-VER-05.pdf. Accessed 12 July 2022.
Wilson EB. 1927. Probable inference, the law of succession, and statistical
inference. J Am Stat Assoc 22:209-212. https://doi.org/10.2307/2276774.
Newcombe RG. 1998. Interval estimation for the difference between independ-
ent proportions: comparison of eleven methods. Statist Med 17:873-890.
https://doi.org/10.1002/(SIC1)1097-0258(19980430) 17:8<<873:AID-SIM779=3.0.
CO;2-1.

August 2022 Volume 60 Issue 8

24.

25.

26.

27.

28.

29.

30.

31.

32

Journal of Clinical Microbiology

Schumacher SG, Wells WA, Nicol MP, Steingart KR, Theron G, Dorman SE,
Pai M, Churchyard G, Scott L, Stevens W, Nabeta P, Alland D, Weyer K,
Denkinger CM, Gilpin C. 2019. Guidance for studies evaluating the accu-
racy of sputum-based tests to diagnose tuberculosis. J Infect Dis 220:
$99-5107. https://doi.org/10.1093/infdis/jiz258.

Cohen JF, Korevaar DA, Altman DG, Bruns DE, Gatsonis CA, Hooft L, Irwig
L, Levine D, Reitsma JB, de Vet HCW, Bossuyt PMM. 2016. STARD 2015
guidelines for reporting diagnostic accuracy studies: explanation and
elaboration. BMJ Open 6:012799. https://doi.org/10.1136/bmjopen
-2016-012799.

R Core Team. 2022. R: a language and environment for statistical comput-
ing. The R Foundation. https://www.r-project.org.

Theron G, Venter R, Smith L, Esmail A, Randall P, Sood V, Oelfese S,
Calligaro G, Warren R, Dheda K. 2018. False-positive Xpert MTB/RIF results
in retested patients with previous tuberculosis: frequency, profile, and
prospective clinical outcomes. J Clin Microbiol 56:€01696-17. https://doi
.org/10.1128/JCM.01696-17.

Zifodya JS, Kreniske JS, Schiller |, Kohli M, Dendukuri N, Schumacher SG,
Ochodo EA, Haraka F, Zwerling AA, Pai M, Steingart KR, Horne DJ. 2021. Xpert
Ultra versus Xpert MTB/RIF for pulmonary tuberculosis and rifampicin resist-
ance in adults with presumptive pulmonary tuberculosis. Cochrane Database
Syst Rev 2:CD009593. https://doi.org/10.1002/14651858.CD009593.pub5.
Dorman SE, Schumacher SG, Alland D, Nabeta P, Armstrong DT, King B,
Hall SL, Chakravorty S, Cirillo DM, Tukvadze N, Bablishvili N, Stevens W,
Scott L, Rodrigues C, Kazi MI, Joloba M, Nakiyingi L, Nicol MP,
Ghebrekristos Y, Anyango I, Murithi W, Dietze R, Lyrio Peres R, Skrahina A,
Auchynka V, Chopra KK, Hanif M, Liu X, Yuan X, Boehme CC, Ellner JJ,
Denkinger CM, Study Team. 2018. Xpert MTB/RIF Ultra for detection of
Mycobacterium tuberculosis and rifampicin resistance: a prospective mul-
ticentre diagnostic accuracy study. Lancet Infect Dis 18:76-84. https://doi
.org/10.1016/51473-3099(17)30691-6.

Molbio Diagnostics Pvt. Ltd. 2021. Truenat MTB chip-based real time PCR test for
Mycobacterium tuberculosis. Molbio Diagnostics, Verna, India. https://www
.molbiodiagnostics.com/uploads/product_download/20211215.174722~Truenat-
MTB-packinsert-Version-06.pdf. Accessed 31 January 2022.

Chakravorty S, Simmons AM, Rowneki M, Parmar H, Cao Y, Ryan J, Banada PP,
Deshpande S, Shenai S, Gall A, Glass J, Krieswirth B, Schumacher SG, Nabeta P,
Tukvadze N, Rodrigues C, Skrahina A, Tagliani E, Cirillo DM, Davidow A,
Denkinger CM, Persing D, Kwiatkowski R, Jones M, Alland D. 2017. The new
Xpert MTB/RIF ultra: improving detection of Mycobacterium tuberculosis and
resistance to rifampin in an assay suitable for point-of-care testing. mBio 8:
€00812-17. https://doi.org/10.1128/mBi0.00812-17.

Horne D, Kohli M, Zifodya J, Schiller I, Dendukuri N, Tollefson D,
Schumacher SG, Ochodo EA, Pai M, Steingart KR. 2019. Xpert MTB/RIF and
Xpert MTB/RIF Ultra for pulmonary tuberculosis and rifampicin resistance
in adults. Cochrane Database Syst Rev 6:CD009593. https://doi.org/10
.1002/14651858.CD009593.pub4.

10.1128/jcm.00155-22 9

Downloaded from https://journals.asm.org/journal/jcm on 06 November 2024 by 114.143.151.34.


https://doi.org/10.1016/j.ijmyco.2014.04.003
https://doi.org/10.5588/pha.20.0004
https://doi.org/10.5588/pha.20.0004
https://doi.org/10.1371/journal.pone.0218890
https://doi.org/10.1371/journal.pone.0218890
https://doi.org/10.7860/JCDR/2021/46815.14432
https://doi.org/10.7860/JCDR/2021/46815.14432
http://stoptb.org/assets/documents/resources/publications/sd/Truenat_Implementation_Guide.pdf
http://stoptb.org/assets/documents/resources/publications/sd/Truenat_Implementation_Guide.pdf
https://www.who.int/publications-detail-redirect/9789240000339
https://www.who.int/publications-detail-redirect/9789240000339
https://doi.org/10.1183/13993003.00526-2021
https://doi.org/10.1183/13993003.00526-2021
https://dhsprogram.com/publications/publication-FR360-DHS-Final-Reports.cfm
https://dhsprogram.com/publications/publication-FR360-DHS-Final-Reports.cfm
https://www.molbiodiagnostics.com/uploads/product_download/20220107.133208~Truenat-MTB-Plus-packinsert--VER-05.pdf
https://www.molbiodiagnostics.com/uploads/product_download/20220107.133208~Truenat-MTB-Plus-packinsert--VER-05.pdf
https://doi.org/10.2307/2276774
https://doi.org/10.1002/(SICI)1097-0258(19980430)17:8%3c873::AID-SIM779&hx003D;<?A3B2 tlsb 0.01w?>3.0.<?A3B2 re 3j?>CO;2-I
https://doi.org/10.1002/(SICI)1097-0258(19980430)17:8%3c873::AID-SIM779&hx003D;<?A3B2 tlsb 0.01w?>3.0.<?A3B2 re 3j?>CO;2-I
https://doi.org/10.1093/infdis/jiz258
https://doi.org/10.1136/bmjopen-2016-012799
https://doi.org/10.1136/bmjopen-2016-012799
https://www.r-project.org
https://doi.org/10.1128/JCM.01696-17
https://doi.org/10.1128/JCM.01696-17
https://doi.org/10.1002/14651858.CD009593.pub5
https://doi.org/10.1016/S1473-3099(17)30691-6
https://doi.org/10.1016/S1473-3099(17)30691-6
https://www.molbiodiagnostics.com/uploads/product_download/20211215.174722~Truenat-MTB-packinsert-Version-06.pdf
https://www.molbiodiagnostics.com/uploads/product_download/20211215.174722~Truenat-MTB-packinsert-Version-06.pdf
https://www.molbiodiagnostics.com/uploads/product_download/20211215.174722~Truenat-MTB-packinsert-Version-06.pdf
https://doi.org/10.1128/mBio.00812-17
https://doi.org/10.1002/14651858.CD009593.pub4
https://doi.org/10.1002/14651858.CD009593.pub4
https://journals.asm.org/journal/jcm
https://doi.org/10.1128/jcm.00155-22

	MATERIALS AND METHODS
	Setting and study design.
	Participants.
	Specimen collection.
	Laboratory methods.
	(i) Reference standard.
	(ii) Index test.
	(iii) Comparator test.
	(iv) Review of discordant results.
	Data analysis.
	Data availability.

	RESULTS
	DISCUSSION
	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

