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Background: The Revised National Tuberculosis Control
Programme (RNTCP) in Andhra Pradesh, India, intro-
duced TrueNat™ MTB/RIf, a rapid molecular test for de-
tecting Mycobacterium tuberculosis (MTB) and rifampicin
(RIF) resistance at 193 TB units (TUs) in October 2018.
We evaluated its impact on TB diagnosis and assessed the
operational feasibility of its deployment at point-of-care
(POC) settings.

Methods: We compared the number of presumptive TB
cases tested and the number (proportion) of microbio-
logically positive before (January-August 2018) and after
(January—August 2019) the deployment of TrueNat. We
interviewed laboratory technicians and Senior TB Labora-
tory Supervisor from 25 randomly selected TUs to assess
operational feasibility.

Results: In 2018, 10.5% (range 8.9-13.1) of 245,989
presumptive cases tested were positive. In 2019, of the
185,435 presumptive cases tested, 13.7% (range 9.6—
18.9) were positive. The proportion of presumptive TB
cases in whom MTB was detected using TrueNat was
14.4% (range 10.0-21.2). TrueNat significantly increased
case detection (incidence rate ratio [IRR] 1.30; 95%CI
1.15-1.46), yielding an additional 18 TB cases per
100000 population. Laboratory technicians became
comfortable in performing TrueNat after a median of 10
tests (interquartile range 5-17.5). Invalid reports declined
from 6.8% to 3.6%.

Conclusion: The deployment of TrueNat as POC diag-
nostic test improved case detection and was operation-
ally feasible under RNTCP.

TB is the leading cause of death due to a single in-
fectious agent.! In 2018, the estimated incidence
of TB in India was 204 per 100000 population,? with a
mortality of around 31 per 100000.! It has been esti-
mated that a rapid and widely available diagnostic test
for TB with sensitivity of =85% for smear-positive and
smear-negative cases, and a specificity of 97% can save
~400000 lives annually.3

Sputum smear microscopy (SSM), which is the cor-
nerstone of TB diagnosis in India, has several limita-
tions, including low sensitivity.# TrueNat™ MTB/Rif
(Molbio Diagnostics, Verna, India) is a rapid molecular
test launched by Molbio, a Make In India Company, as
a commercial product for diagnosis of active TB. It is a
portable, battery-operated, chip-based test which de-
tects Mycobacterium tuberculosis (MTB) in approxi-
mately 1 h and rifampicin (RIF) resistance in another
40-60 min.

TrueNat MTB has high sensitivity (91.1%) and
specificity (100%) compared with a composite refer-
ence standard consisting of smear and culture results,
clinical treatment and follow-up, and radiology find-
ings.5 There is high agreement (92.7%) between
Xpert® MTB/RIF (Cepheid, Sunnyvale, CA, USA) and
TrueNat in MTB detection.® TrueNat had significantly
higher sensitivity than Xpert (84.1% vs. 81%; P <
0.001).” Compared to SSM, TrueNat has been shown
to increase life expectancy by 0.39 years and was also
found to be cost-effective.8 TrueNat is less resource-in-
tensive than Xpert.”? Deploying TrueNat at point-of-
care (POC) eliminates the need for sample transporta-
tion, as is required for Xpert thus adding cost benefit,
besides detecting RIF resistance during the patient’s
first visit. The WHO's rapid evaluation of evidence,
which is expected to inform the updated 2020 Consol-
idated Guidelines on TB, suggests that the accuracy of
TrueNat is comparable to that of Xpert.10

Based on the evidence supporting the POC use of
TrueNat, the Government of Andhra Pradesh, a state
in India, introduced TrueNat under its Revised Na-
tional Tuberculosis Control Programme (RNTCP) at TB
unit (TU) level for TB diagnosis in October 2018. After
almost a year of its deployment, we evaluated its im-
pact on microbiologically confirmed TB case detection
by comparing the case notification rate of microbio-
logically positive TB before (January-August 2018) and
after (January-August 2019) the implementation of
TrueNat under the RNTCP, and assessed the opera-
tional feasibility of deploying TrueNat at POC
settings.

METHODS

Study settings
Andhra Pradesh, a state in southern India, is divided
into 13 districts, and is home to a population of over
49 million, 70% of which resides in rural areas. The
state has a sex ratio of 996 females per 1000 males and
a literacy rate of 67.4%. Under the RNTCP, designated
microscopy centres (DMCs) are the most peripheral
units delivering TB care where TB diagnosis and treat-
ment is available. At the next level, TUs oversee the
DMCs and report to the district TB centres, which in
turn report to the State TB centre. Diagnosis and treat-
ment for TB is offered free of cost under the RNTCP.
Besides the public healthcare system, patients can also
avail of TB care from the private sector.

SSM is available from the level of DMCs and up-
wards. Cartridge-based nucleic acid amplification test
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TABLE 1 List of records and reports under NTP in Andhra Pradesh that were verified for data accuracy

Year Time points Summary data verified across records/reports Record/report
2018 January, February, April, May, July, August e Number of presumptive TB cases tested e Laboratory register
e Number of positive cases with MTB detected e Monthly summary in laboratory register
* Annexure M
2019  April, May, July, August* e Number of presumptive TB cases tested e Culture, drug susceptibility register/laboratory
* Number of positive cases with MTB detected registert
e Number of errors/invalid/not reported ¢ TrueNat reporting format

*Between January and March 2019, Annexure M was used to report TrueNat test results. From April 2019, the CBNAAT reporting format was adapted by the TrueNat sites for
their monthly reporting to be able to effectively capture all information relevant to TrueNat.

fDue to delays in printing or other operational delays, some of the sites continued to use laboratory registers to record TrueNat testing.

RNTCP = Revised National TB Control Programme; TB = tuberculosis; MTB = Mycobacterium tuberculosis; CBNAAT = cartridge-based nucleic acid amplification test.

(CBNAAT), as the Xpert is referred to in India, is available at the
level of all districts and also at some TUs, based on the load of pre-
sumptive TB cases. Until October 2018, only SSM was offered as the
first line of TB diagnosis, when TrueNat was implemented at the
TU level for diagnosis (243 TrueNat sites spread across 193 TUs).

Study design
We compared TB case notification rates before and after the im-
plementation of TrueNat using programmatic data from RNTCP.

Data accuracy checking

Before extracting data for analysis, we evaluated the accuracy and
consistency of the data reported across all recording and report-
ing formats under RNTCP in the years 2018 and 2019 (Table 1).
We randomly selected 10% of the TrueNat sites (n = 25). A data
extraction form consisting of variables to be tallied across and
within the reporting formats was prepared using Open Data Kit
(ODK) for tablet-based data collection.

Impact of TrueNat deployment at POC for TB diagnosis

We used the following monthly RNTCP reports to extract data
from January to August 2018 and January to August 2019: 1) An-
nexure M (monthly report on SSM), 2) TrueNat reports (report on
TrueNat testing), and 3) CBNAAT reports (report on CBNAAT test-
ing) (Supplementary Table S1). We compared the number of pre-
sumptive TB cases tested, and the number of microbiologically
positive TB cases detected before and after TrueNat implementa-
tion. The period between October to December 2018 was not con-
sidered for analysis, as the sites were transitioning from SSM to
TrueNat.

Operational feasibility

We interviewed laboratory technicians (LTs) and Senior TB Labo-
ratory Supervisors (STLSs) at the 25 TUs using a semi-structured
questionnaire to collect information about operational issues in
TrueNat implementation. The operational feasibility was broadly
assessed under the following domains: initiation of TrueNat test-
ing in the centre, logistics, sample preparation and testing, train-
ing, time required for TrueNat testing, reporting, waste disposal,
breakdown and troubleshooting.

Data analysis

Data accuracy checking

The data points generated from laboratory/culture and drug sus-
ceptibility testing (CDST) registers were considered as reference
points against which other records were evaluated. For 2018, the
agreement was quantified in two comparisons: 1) laboratory/
CDST register vs. monthly laboratory register summary; and 2)
laboratory/CDST register vs. Annexure M. For 2019, the agree-
ment was quantified by comparing laboratory/CDST register and
TrueNat monthly reports.

Impact on TB case notification rate

Case notification rate was operationally defined as the number of
TB cases notified per 100 000 population within the RNTCP over
a specific time period.!® The total number of presumptive cases
tested and the proportion of microbiologically positive cases
among these were compared between January-August 2018 and
January-August 2019. We used interrupted time series analysis
(ITSA) to measure the impact of TrueNat on the detection of posi-
tive TB cases. We hypothesised a priori that the introduction of
TrueNat would produce a level change in the number of TB cases
detected.’? We proposed a regression equation with 1) time
elapsed since the beginning of the study period (January 2018),
and 2) dummy variable identifying a given time point as pre- or
post-implementation as independent variables and 3) the number
of positive cases detected as the outcome variable. Since in most
of the count data models, variance tends to be greater than mean
(over-dispersion), we used negative binomial regression instead of
Poisson to adjust the standard error. The incidence rate ratio (IRR)
and its 95% confidence intervals (CIs) were calculated to indicate
the additional yield of positive cases after introduction of Tru-
eNat. Data were analysed using Stata v14.0 (StataCorp, College
Station, TX, USA; 2015).

Operational feasibility
The operational issues faced by LTs and STLSs were given as fre-
quencies and percentages or medians and interquartile ranges.

Ethics statement

As the study involved secondary data analysis of data obtained
using record review, ethics approval was not sought. The data col-
lected did not have any identifiers and confidentiality was
ensured.

RESULTS

Data accuracy

The average accuracy of 2018 data reported was 96.4% (range
77.0-100.0) when data in laboratory/CDST registers were com-
pared with those in the monthly laboratory summary (Table 2).
Data accuracy was 94.9% (range 77.0-100.0) when data in the
laboratory/CDST registers were compared with Annexure M. In
2019, data accuracy was 90.9% (range 48.7-100.0), when data in
CDST/ laboratory register were compared with TrueNat monthly
report.

Impact assessment

In the 193 TUs studied, a total of 245989 presumptive cases were
tested using SSM during January-August 2018, of which 25726
(10.5%; range 8.9-13.1) tested positive. During January-August
2019, of the total 185435 presumptive cases, 32876 cases were
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TABLE 2 Accuracy of data on presumptive TB cases tested as recorded in the RNTCP records and reports in 25 selected TB Units in Andhra
Pradesh, India, 2018 and 2019

Presumptive TB cases, n (%)

2018

Positives, n (%)

2018

2019 2019

Laboratory register Laboratory register Laboratory register Laboratory register

vs. monthly Laboratory register vs. monthly vs. monthly Laboratory register vs. monthly
Date accuracy laboratory summary vs. Annexure M TrueNat report laboratory summary vs. Annexure M TrueNat report
100% 6 (24.0) 3(12.0) 3(12.0) 13 (52.0) 14 (56.0) 10 (40.0)
95-99% 15 (60.0) 16 (64.0) 9 (36.0) 4(16.0) 5(20.0) 7 (28.0)
90-94% 1(4.0) 1(4.0) 7 (28.0) 3(12.0) 2(8.0) 3(12.0)
<90% 3(12.0) 5(20.0) 6 (24.0) 5(20.0) 4 (16.0) 5(20.0)

RNTCP = Revised National TB Control Programme; TB = tuberculosis.

tested using SSM and 152559 using TrueNat. The positivity of
SSM and TrueNat were respectively 10.4% (range 6.4-14.5) and
14.4% (range 10.0-21.2). A total of 25359 (13.7%; range 9.6-18.9)
tested microbiologically positive in 2019. TrueNat positivity ex-
hibited a wide range across districts, with East Godavari (10.0%)
reporting the lowest and Kadapa (21.2%) reporting the highest.
Seven districts reported a positivity less than the state average of
14.4% (Table 3).

ITSA indicated that there was a significant increase in the pro-
portion of presumptive TB cases testing positive for TB (IRR 1.30,
95% CI 1.15-1.46) after implementation of TrueNat. There were
30% more TB cases detected post-TrueNat implementation than
pre-implementation. In contrast to the actual scenario where Tru-
eNat was used for TB diagnosis in 2019, we constructed a hypo-
thetical scenario in which only SSM is used for TB diagnosis in
2019. There was a change in level in the solid line representing
positive cases, before and after the implementation of TrueNat
(Figure). The proportion of presumptive TB cases who would have
tested positive in this counterfactual scenario is represented by a
dashed line in the Figure.

Between January and August 2018, the case notification rate of
microbiologically positive TB in Andhra Pradesh was 49/100000.
We estimated that, had we tested all presumptive cases in 2018
using TrueNat instead of SSM, there would have been 35422 mi-
crobiologically positive cases instead of the 25726 cases detected
using only SSM. This would translate into a case notification rate
of 67 positives cases/100000 and would yield an additional 18
positive cases/100000.

Feasibility assessment

Of the 25 LTs interviewed, 17 were RNTCP staff, while 8 were staff
from other programmes who had been given the additional re-
sponsibility of RNTCP laboratory testing. The LTs and STLSs had a
median experience of respectively 14 (interquartile range [IQR]
9.5-16.5) and 10 years (IQR 6.0-15.0). Twenty of the 25 LTs inter-
viewed had undergone training in TrueNat testing. Eight of the 24
STLSs felt that they had inadequate number of trained staff to
perform TrueNat testing. It took LTs a median of 10 tests (IQR
5.0-17.5) to become comfortable in performing TrueNat. Between
April and August 2019, the percentage of invalid results reported
by TrueNat sites showed a decline from 6.8% to 3.6%.

There was no external quality assurance mechanism for Tru-
eNat testing. Two LTs expressed difficulty in any one of the
steps—setting up, installation, daily start-up, handling, portabil-
ity, entering and editing patient details or cleaning of TrueNat
equipment. Sample preparation, especially transfer of elute to the
chip well was the only step where four LTs faced difficulty. All ex-

cept two STLSs felt that they were able to process as many or even
more samples per day compared to SSM. Of the 24 STLSs, 21 per-
ceived that TrueNat was comparable or superior to SSM in accu-
racy, and 17 (70.8%) felt that it was easier to perform than SSM.
Fifteen (62.5%) felt that the accuracy of TrueNat was as high or
higher than CBNAAT, while 7 (29.2%) found it to be more diffi-
cult to perform than CBNAAT.

All laboratories had received TrueNat logistics within 1-2 days
of requesting. Only one site reported stock out of MTB Kkits in the
previous quarter. Seven sites had their sample preparation device
replaced at least once and six sites had their TrueLab device re-
placed at least once since installation. Written guidelines about
biomedical waste management for TrueNat were not available at
16 of the 25 sites. STLS reported facing technical issues in sample
preparation and transfer and higher workload due to inadequate
manpower. The suggestions given by LTs/STLSs for improving im-
plementation of TrueNat are presented in Table 4.

DISCUSSION

Our analysis of data on 431424 presumptive TB cases tested un-
der RNTCP in Andhra Pradesh, India, indicated that TrueNat im-
proved case notification rates by 30%. The programmatic imple-
mentation of TrueNat was operationally feasible.

The overall accuracy of the data reported was satisfactory. This
reflects on the quality of the training of the LTs/STLSs and the
monitoring and evaluation methods used in the programme.
However, six sites reported <90% data accuracy in TrueNat re-
cording and reporting. This could have been due to the delay in
making logistics such as new registers and reporting formats avail-
able to the TrueNat sites, because of which LTs made informal en-
tries in the existing laboratory register or maintained additional
records to capture this information. This practice could have led
to erroneous reporting. This emphasises the need for uniform re-
cording and reporting mechanisms to be used at all TrueNat sites.
LT-generated reports could also be validated by machine-gener-
ated reports from the TrueNat device.

The number of presumptive cases tested had decreased in 2019
from 2018, likely due to a temporary suspension of SSM for diag-
nosis in DMCs (other than the TrueNat sites) between February
2019 and August 2019. The suspension of SSM was based on a
state-level policy decision to make molecular diagnosis available
to every presumptive TB case. All samples from DMCs were to be
transported to the TrueNat sites for testing using TrueNat. In view
of the decline in the number of presumptive TB cases tested, the
state had resumed SSM for diagnosis in all DMCs from September
2019, until TrueNat was available at DMC level. Thus, the drop in
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TABLE 4 Suggestions provided by LTs and STLS for the
improvement of TrueNat implementation under RNTCP

Domain Suggestion
Instrument-related e Explore the possibility of increasing the number
of slots in each machine to enhance testing
capacity at each TrueNat site
e Making TrueNat available at all DMCs
Technique/training- e Training of all existing staff, including non-
related RNTCP LTs
Monitoring and e Supportive supervision, assessment and
evaluation periodic feedback to the LTs on their skill level

e Establish quality assurance mechanism to cross
check TrueNat reports

LT = laboratory technician; STLS = Senior TB Laboratory Supervisor; RNTCP = Re-
vised National TB Control Programme; DMC = designated microscopy centre; TB =
tuberculosis.

POC diagnostic test under the RNTCP. Future research on the im-
pact of such an integration on TB detection, treatment outcomes
and TB burden as a whole can provide important lessons for other
low- and middle-income countries battling high TB burden.
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Contexte : Le Programme national tuberculose (NTP) de |’Andhra
Pradesh, Inde, avait introduit, en octobre 2018, TrueNat® MTB/RIf,
un test moléculaire rapide de détection de Mycobacterium tuberculosis
et de résistance a la rifampicine dans 193 unités tuberculose (TU).
Nous avons évalué son impact sur le diagnostic de TB et évalué la
faisabilité opérationnelle de son déploiement dans des lieux
d’intervention (POC).

Méthode : Nous avons comparé le nombre de cas de TB présumés
qui ont été testés et le nombre (proportion) de cas positifs en
microbiologie, avant (janvier-aoGt 2018) et apres (janvier-ao(t 2019)
le déploiement de TrueNat. Nous avons interviewé des techniciens de
laboratoire (LT) et des superviseurs de laboratoire TB (STLS) de 25 TU
sélectionnées au hasard pour évaluer la faisabilité opérationnelle.

Résultats : En 2018, 10,5% (fourchette 8,9-13,1) de 245 989 cas
présumés testés étaient positifs. En 2019, sur les 185 435 cas
présumés testés, 13,7% (fourchette 9,6-18,9) ont été positifs. La
proportion de cas de TB présumés parmi lesquels M. tuberculosis a été
détecté par TrueNat a été de 14,4% (fourchette 10,0-21,2). TrueNat
a significativement augmenté la détection des cas (ratio d'incidence
1,30 ; IC 95% 1,15-1,46), amenant 18 cas de TB supplémentaires
par 100 000 habitants. Les LT se sont sentis a |'aise dans la réalisation
de TrueNat aprés avoir réalisé une médiane de 10 (IQR 5-17,5) tests.
Les rapports invalides/les erreurs ont décliné de 6,8% a 3,6%.
Conclusion : Le déploiement de TrueNat comme test de diagnostic
de POC a amélioré la détection des cas et a été opérationnellement
faisable au sein du NTP.

Marco de referencia: El Programa Nacional de Tuberculosis (NTP)
de Andhra Pradesh, en la India introdujo la prueba molecular rapida,
TrueNat® MTB/RIf, para detectar el Mycobacterium tuberculosis y la
resistencia a la rifampicina en 193 unidades de TB (TU) en octubre
del 2018. Se evalué su impacto en el diagndstico de la TB y la
factibilidad operativa de desplegarla en el lugar de la consulta.
Método: Se compar6 el nimero de casos con presuncion de TB
examinados con la prueba y el nimero (la proporcion) de casos
positivos microbiolégicamente, antes (de enero a agosto del 2018) y
después (de enero a agosto del 2019) del despliegue de la prueba
TrueNat. Se entrevistaron los técnicos de laboratorio (LT) y el
supervisor principal del laboratorio de TB (STLS) de 25 TU escogidas
de manera aleatoria, con el fin de evaluar la factibilidad operativa.
Resultados: En el 2018, el 10,5% (intervalo 8,9-13,1) de los

245 989 casos con presuncion de TB examinados con la prueba,
obtuvieron un resultado positivo. En el 2019, de los 185 435 casos
presuntos que realizaron la prueba, el 13,7% (intervalo 9,6-18,9) fue
positivo. La proporcion de casos con presuncion de TB en los cuales
se detectd el M. tuberculosis mediante la prueba TrueNat fue 14,4%
(intervalo 10,0-21,2). TrueNat aumenté en forma considerable la
deteccion de casos (cociente de tasas de incidencia [IRR] 1,30; CI
95% 1,15-1,46) y aporté 18 casos adicionales de TB por 100 000
habitantes. Los LT realizaban con confianza la prueba TrueNat
después de una mediana de diez pruebas (IQR 5-17,5). Los informes
de prueba invalida o error disminuyeron de 6,8% a 3,6%.
Conclusion: El despliegue de la prueba TrueNat como medio
diagnéstico en el lugar de la consulta mejoré la deteccién de casos y
fue factible en el marco del NTP.
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