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ABSTRACT

A good point-of-care diagnostic test holds a promise to reduce
inappropriate use of antibiotics by enabling early detection

of the pathogen and facilitating rapid testing of antimicrobial
susceptibility. India has taken many initiatives in the recent past
to augment the development and deployment of diagnostics

in Indian health care system. Funding opportunities to promote
innovation in diagnostics development were started in early
2000s through various ministries and departments. India
released National Essential Diagnostics List which enlists
essential tests and there is now Free Diagnostics Service
Initiative of Government of India under National Health Mission
that mandates to provide all essential tests free of cost. We
wanted to understand how these initiatives have impacted the
diagnostics that could be of use in containment of antimicrobial
resistance (AMR) and whether there is a smooth process for
bringing indigenously developed products relevant to AVR into
the healthcare system. We conducted a longitudinal survey
(January 2019 and January 2021) to understand the availability
of market ready indigenous rapid diagnostics for AMR in the
country and their progress towards introduction in the private
market or uptake in healthcare system. We found that many
innovators and developers are working towards development
of rapid tests that can be useful in the containment of AMR

in India. While there are many promising diagnostics on the
horizon, the pathway for uptake of indigenously developed
diagnostics in healthcare system remains disjointed and

needs to be harmonised for the investments made towards
development to translate as tangible gains. Since most of
these efforts are government funded, it is incumbent upon the
government to also provide a seamless pathway to make these
diagnostics available in health care system. In absence of this
guidance, most of these diagnostics will sit with the innovators/
developers and will never be used for the purpose they were
intended to serve.

BACKGROUND: WHY ARE RAPID DIAGNOSTIC
TESTS IMPORTANT FOR CONTAINMENT OF
ANTIMICROBIAL RESISTANCE?

Antimicrobial resistance (AMR) has been
recognised as a global public health emer-
gency that is compromising the gains made
towards control of infectious diseases.'™
Rampant use and misuse of antimicrobials is

» Rapid diagnostics for antimicrobial resistance (AMR)
have enormous potential to support adoption of
diagnostic stewardship in settings with restrained
healthcare resources.

» Huge efforts and investments have been made to
develop rapid point-of-care diagnostics that can be
effective in containment of AMR in India.

» These efforts have not yet translated into ready to
use AMR diagnostic products in the private market
or government funded free diagnostics initiative.

» We propose a three-step approach to expedite the
availability of the AMR diagnostics in the health-
care system, (1) creating country-specific target
product profiles for priority syndromes (2) creation
of standard protocols for validation and systematic
evaluation of tests and (3) a synchronised process
to overcome the bottlenecks and facilitate expedited
market introduction and clinical uptake.

one of the major drivers of AMR.*® Conven-
tionally, diagnosis and susceptibility testing for
bacterial pathogens depends on the culture,
biochemical identification and diffusion or
dilution methods of susceptibility testing,
which is time consuming and leads to long
turnaround time (TAT). The rapid point-of-
care (POC) diagnostics for AMR have the
potential to revolutionise the detection and
treatment of bacterial infections' ”® and can
be instrumental in preserving the efficacy of
currently available antimicrobials by limiting
unnecessary prescription and misuse of anti-
microbials.” ¢ The rapid diagnostics can be
especially useful in secondary level hospitals
in India, and below, as most of these hospi-
tals do not have necessary infrastructure and
human resources to support pathogen iden-
tification and antimicrobial susceptibility
testing (AMST).'""?

Over the lastdecade, several tests using latest
molecular techniques have been developed
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Figure 1

Framework and process flow illustrating the pathways of a new diagnostic development, its evaluation and uptake in

health system of India. BIRAC, Biotechnology Industry Research Assistance Council; CDSCO, Central Drugs Standard Control
Organisation; CSIR, Council of Scientific and Industrial Research; DBT, Department of Biotechnology; DCGI: Drugs Controller
General of India; DHR, Department of Health and Research; DRDO, Defence Research and Development Organisation; DSIR,
Department of Scientific and Industrial Research; DST, Department of Science and Technology; FD, Free Diagnostics Service
Initiative; HTAIn, Health Technology Assessment in India; ICMR, Indian Council of Medical Research; MoHFW, Ministry of
Health and Family Welfare; NEDL, National Essential Diagnostics list; NGO, non-government organisations; NHInP, National
Health Innovation Portal; NHM, National Health Mission; NPO, non-profit organisations; TB, tuberculosis.

which identify the microorganism(s) and detect the
presence or absence of genes(s) or gene mutations for
resistance to antimicrobials."”” '* While they are helpful
in expediting the diagnosis of infections, these tests are
expensive and need specially trained staff to interpret the
results, thus limiting their use only to the well-resourced
hospitals. In low-income and middle-income countries
(LMIGs) like India, these imported tests even when avail-
able in private market are not used widely owing to their
steep prices and stringent infrastructure and human
resource requirements.'? ** Indigenously developed low
cost diagnostics to contain AMR are, therefore, urgently
needed to fill the diagnostic gap. Past decade saw several
initiatives such as the Longitude Prize (UK), Horizon
2020 (European Commission) and AMR Diagnostic
Challenge (USA) being launched globally, to stimulate
the development of rapid tests for containment of AMR.
In India too, government research funding bodies as well
as many private enterprises funded development of diag-
nostics that can facilitate timely detection of infections
relevant to AMR.

Typically, a diagnostic once developed undergoes
systematic validation in laboratory for accuracy of analyt-
ical parameters (figure 1). If found satisfactory, it is
approved by Indian regulator, that is, Drugs Controller

General of India (DCGI), for market introduction. For
diagnostics approved by the Indian regulator and eval-
uated through field demonstration studies for clinical
usefulness, evidence of scalability and cost effective-
ness, Government of India has created mechanisms
like National Healthcare Innovations Portal (NHInP)
(https://www.nhinp.org/index.php) and Health Tech-
nology Assessment in India (HTAIn) (https://htain.
icmr.org.in/) to provide a framework for objective
assessment and expedite their uptake in health system
(figure 1). India also has a National Essential Diagnos-
tics list (NEDL) and Free Diagnostics Service Initiative
(FDI) to make diagnostics affordable and accessible to
all populations and reduce out-of-pocket expenditure
on diagnostics."® 7 The framework currently available
in the country can augment deployment and uptake of
AMR diagnostics tests by including them in NEDL and
governmentfunded health programmes like FDI of
National Health Mission.

However, as of date both the NEDL and FDI recom-
mend only culture and sensitivity for detection of bacte-
rial infections at district hospital. The rapid diagnostics
developed through any of the ongoing indigenous initia-
tives, for pathogen identification and AMST are yet to
find their place in NEDL or FDL'® "
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This manuscript attempts to provide a landscape of
Indian innovations in diagnostics that have potential to
be useful for containment of AMR, the factors impeding
their utilisation in healthcare system in the country and
also suggests solutions to overcome these challenges.

INDIAN INNOVATIONS IN RAPID DIAGNOSTICS FOR AMR
CONTAINMENT

We undertook web search using the search words ‘antimi-
crobial resistance, antibiotics rapid-test, indigenous, diag-
nostics, point-of-care test, device, instrument, kit, alternative,
development, innovator, developer, India, pathogen identi-
fication and antimicrobial susceptibility’ to map the indige-
nously developed rapid AMR diagnostics in the country. We
looked for Indian innovators/developers who have devel-
oped diagnostic test(s) that addresses pathogen identifica-
tion and AMST. Diagnostics in early phases of development
that is, at ideation stage, in research phase or at demonstra-
tion of proof of concept and were at Technology Readiness
Level (TRL) 3 or below as per the Biotechnology Industry
Research Assistance Council, TRL for medical devices
including diagnostic devices' were excluded from the
analysis. Only the diagnostics which had crossed proof-of-
concept stage and were available as market ready-products,
that is, at TRL 4 or above were included in this survey for
further analysis.

To understand the quality of diagnostics developed and
assess their readiness to be available for actual use in health-
care system, we collected information through two longi-
tudinal surveys undertaken in January 2019 (survey I) and
January 2021 (survey II). Questionnaires designed to cover
the process of diagnostic development and critical aspects
of the test were shared with the developers. Survey I, (online
supplemental file 1) collected information on character-
istics of developed AMR diagnostic test, the type of tech-
nology used and novelty, stage of development, strength and
weaknesses of the test and its intended use. Information was
also sought on type of specimen used, pathogen (s) targeted,
antibiotics panels used, hands-on-time per unit test, TAT,
analytical parameters tested and stability of the test. To gauge
the extent of analytical validation undertaken by the devel-
oper/innovator, information was sought on the number
of samples tested, gold standard and quality controls used
for evaluation of test. We also sought information on target
product profile (TPP) followed, time and capital invested
on diagnostic development to understand development
process. Second survey (online supplemental file 2) sought
information about any modification or improvement made
in the diagnostic test since survey I, additional analytical or
performance parameters analysed and whether any cost-
effectiveness studies were undertaken. The innovators were
given an option to withhold any confidential information.

A total of 16 indigenous diagnostics were identified
through web search. Out of 16, 5 were under develop-
ment at the time of survey (ie, at TRL 3 or below) and 8
diagnostics were fully developed (ie, at TRL 4 or above).
For three rapid diagnostics, definitive information on

the stage of development could not be ascertained based
on information provided by the innovator hence they
were dropped from the survey. Eight developers were
contacted to share the information about their diagnostic
but only seven developers (four public sector and three
private sector) responded to our survey. One developer
shared information on two different diagnostics. The
characteristics, performance and analytical parameters
of these eight indigenous diagnostics (Dx) are detailed
in table 1.

Test characteristics and evaluation

Eight diagnostics chosen for analysis dealt with the
rapid identification of bacteria for conditions such as
bacteraemia (n=1), sepsis (n=2), tuberculosis (n=2) and
urinary tract infection (UTI) (n=3) (table 1). Six out
of eight diagnostics were developed with the financial
support from the government organisations and three
of these also had other sponsors. All diagnostics were
instrument-based tests except one (Dx 1) which was an
instrumentfree disposable kit. The instrument-based
diagnostics did not have any auxiliary need of equipment
such as air conditioner, centrifuge, incubator, laminar-
flow, etc or a laboratory. Five rapid diagnostics used non-
invasive samples (saliva, sputum and urine) for testing of
targeted pathogen or biomarker of interest. Only three
diagnostics offered rapid testing of antibiotic suscepti-
bility or detection of resistance markers directly from the
samples. The hands-on time per unit test ranged from 2
min to 15 min. Three of the rapid diagnostic tests could
process more than 100 samples in a single batch. The TAT
for these rapid indigenous diagnostics varied from 2min
to 5hours for bacterial identification and 2-7hours for
AMST. Four out of eight tests also provided quantitative
assessment. Different developers had used different gold
standards for evaluating analytical parameters of diag-
nostics. Blood culture, Kirby Bauer, GeneXpert, VITEK,
etc were used as gold standards. Three developers had
obtained accreditation of their tests, either in the form
of TM (Trademark) (DxI and Dx 6) or CE (European
conformity) approval (Dx 4) but none had Indian regu-
lator’s (DCGI) approval.

During survey I, it was observed that half of the diag-
nostics were not evaluated for the stability or shelf life
and none of the diagnostics had undergone indepen-
dent/third party evaluation. One innovator (Dx2) cited
lack of facilities/labs to undertake third party evaluation
for saliva based test in India. All the diagnostics lacked
evidence of scalability and none had undergone cost-
effectiveness studies (table 2). Most of these diagnostics
were developed with feedback from microbiologists and
clinicians. At the time of survey II, two diagnostics (Dx
2 and Dx 5) had undergone modification to further
improve the test performance and, two diagnostics (Dx 6
and Dx 8) had undertaken the stability studies. Four diag-
nostics had undertaken evaluation for the scalability and
two developers had developed the price per device calcu-
lation for diagnostic based on the cost of raw materials
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Analytical/ Evaluation Technology
Syndrome performance Stability of Evidence on  of cost readiness level
Dx targeted Survey* parameter tested product tested scalability effectiveness (TRL)t
1 Sepsis | Sensitivity, LoD, LoQ, No No No TRL 4
PPV, specificity, NPV,

accuracy

2 Sepsis | Sensitivity, LoQ, Yes, 6months  No No TRL 5
specificity, NPV, PPV, at room
accuracy, reproducibility temperature

Yes

3 Bacteraemia | Sensitivity, LoD No No No TRL 4

4 Urinary tract | Sensitivity, LoD, LoQ, Yes, 1yearat No No TRL7
infection PPV, specificity, NPV, 4°C
accuracy, linearity,
reproducibility

Yes
5 Identification | No information provided Yes, 1 month No No TRL 4
of Pathogen
and resistance
markers
6 Urinary tract | Sensitivity, LoD, No No No TRL 5
infection reproducibility
Yes, details not
provided
7 Pulmonary, | Sensitivity, LoD, Yes, 6 months No No TRL 5
pleural PPV, NPV, specificity,
tuberculosis accuracy, linearity,
(TB), TB reproducibility
8 B 1 Sensitivity, LoD, Yes, No No TRL 6
NPV, specificity,
reproducibility
Yes

Green colour box indicates the progress made in particular characteristic in survey Il.

*Two surveys were conducted in January 2019 (survey |) and in January 2021 (survey ll) to collect the data.

TTRL has been refereed as per the criteria mentioned by Biotechnology Industry Research Assistance Council, Department of
Biotechnology, Government of India for medical devices including diagnostic devices and for in vitro diagnostic kits and reagents.'®
Available from https://www.birac.nic.in/webcontent/birac_trl_doc5_medical_devices_and_diagnosis_12_09_2018.pdf.

IThe cost per test has been estimated for the diagnostic based on the cost of raw materials but cost-effectiveness study was not
performed.

LoD, limit of detection; LoQ, limit of quantitation; NPV, negative predictive value; PPV, positive predictive value.

used in test development (table 2). However, a cost-  UNDERSTANDING CHALLENGES IN THE DEVELOPMENT AND
effectiveness analysis had not been performed for any of ~ VALIDATION PROCESS

the diagnostic. It is important to mention that none of ~ We followed up with the developers for steps and
the diagnostic had reached the market or had been taken ~ processes followed towards the development of each
up by healthcare system within this time span of 2years. diagnostic, which have been summarised in table 3.
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Three developers consulted available TPPs from the
Foundation for Innovative New Diagnostics (FIND)
and four referred to the TPPs of WHO. Although devel-
opers mentioned the use of TPPs, but TPPs outlining the
requirements specifically for rapid diagnostics for condi-
tions such as sepsis, neonatal sepsis and UTI, etc do not
exist with the sources (https://www.who.int/research-
observatory/analyses/tpp/en/, https://www.finddx.
org/tpps/)"? mentioned by developers. Four developers
mentioned using as Clinical and Laboratory Standards
Institute and the International Organization for Stand-
ardization standards to evaluate performance of analyt-
ical parameters (table 3). Absence of gold standards for
baseline comparisons was identified as one of the major
hurdles for evalution of the biomarker-based diagnostics.
Using imperfect standards for comparison has implica-
tions on the reported analytical parameters underscoring
the importance of field validation studies to demonstrate
their clinical usefulness.

The average time invested in the development of a
rapid test ranged from 3 to 4years for most diagnostics
with only one diagnostic (Dx 7) reporting 8years for its
development and evaluation (table 3). Six out of eight
diagnostic developers invested more than US$200000
towards the diagnostic development (table 3). Only
one developer had submitted diagnostic to the NHInP
of Government of India, specifically dedicated for the
assessment of new health innovations, and was awaiting
response.

DISCUSSION

Rapid diagnostics have a huge potential to influence
prevention and treatment of a disease and this has been
previously very well documented for diseases like malaria
and diabetes.””*! For containment of AMR, rapid diagnos-
tics can strengthen diagnostic stewardship and substan-
tially reduce indiscriminate use of antimicrobials. As
highlighted by the findings of the survey, it is promising
to note that the innovators in our country do understand
the challenges of delivering test at a resource-constrained
setting and this is reflected in specifications of diagnostics
being developed. The tests developed are able to func-
tion without requirement of auxiliary instrument using
non-invasive samples (table 1) which can work well even
at a primary healthcare centre. This could be postive
outcome of clinician engagement for development and
feedback. Tests are user friendly, require short hands-on-
time (<30min) and also promise fast TAT, both critical
for field use of any diagnostic in India. In the strength-
weakness assessment (table 1), the strengths outweigh
the weaknesses. This needs to be ascertained through
the field feasibility studies which most of the diagnostics
included in the survey had missed, as the sensitivity and
specificity derived from a controlled laboratory envi-
ronment may not be replicated in field settings. Unfor-
tunately, despite the availability of many indigenously
developed rapid tests for pathogen identification or

AMST in the country, none were ready to be included in
the Indian NEDL and FDI list.”

Developers have done well at focusing on UTI and
sepsis as both the syndromes warrant excessive antimi-
crobial use, in community and in hospitals/ICUs, respec-
tively. Although the diagnostics developed addressed
the important syndromes and pathogens relevant to
India,” ** they also missed important country specific
requirements. For example, viral respiratory infections
are recognised as the most common cause for unneces-
sary prescription of antibiotics, in community practice or
urgent care settings.” However, no diagnostic focusing
on respiratory bacterial pathogens had been developed
or was under development in our survey. We, also, did
not come across any test that can facilitate the rapid
detection of fungal pathogens like Candida, and other
endemic and re-emerging infections prevalent in India
such as scrub typhus, murine typhus and leptospirosis,
etc. One diagnostic (Dx 3) was developed for the detec-
tion and susceptibility testing of Salmonella Typhi, caus-
ative agent of typhoid fever, which remains a high priority
public health concern in India.*®

Most diagnostics in this survey had been evaluated for
sensitivity, specificity, negative predictive value, positive
predictive value, limit of detection and other analytical
parameters. None had undergone third party valida-
tion, field feasibility and the cost-effectiveness studies
which are absolutely essential to convince policy-makers
on the potential advantage of using these diagnostics in
healthcare (box 1). The absence of guidance on gold
standards for baseline comparisons, access to clinical
specimens, undertaking multisite field evaluations and
lack of knowledge on steps to regulatory approval were
other challenges cited by Indian innovators interviewed
in this survey. Previous studies and reviews have identi-
fied absence of adequate funding, access to specimens
and reagents, weak political commitment and regulatory
harmonisation as the key challenges to diagnostic devel-
opment.”* A push from Government of India to fund
development of new diagnostics through diverse funding
mechanisms seems to have helped innovators who were
part of this survey. Six out of eight developers acknowl-
edged having received government funding and none of
the developers cited lack of funding as major challenge.

Box 1 Key challenges impacting the completion of

validation of rapid diagnostic tests for antimicrobial
resistance containment

» Absence of target product profiles (TPP) to guide the development
process.

» Absence of gold standards for comparison.

» Long duration of development process.

» Absence of clearly defined process for validation of indigenously
developed diagnostic.

» Lack of guidance to undertake field feasibility or validation studies.

» Funding to support all the steps of validation.
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It is important that the information on initiatives like
NHInP and HTAIn, which have been specially created
to expedite the uptake of useful rapid diagnostics in our
country, is widely disseminated among the developers.
In current survey, only one developer had submitted the
diagnostic in NHInP for further assessment in 2019, and
was awaiting response at the time of survey. None of the
developers had approached HTAIn for any evaluation.
Once there is a clear guidance/Standard Operating
Procedures (SOP) on the next steps to guide regulatory
approvals and market entry, these innovators may need
additional funding to support field feasibility, cost effec-
tiveness studies, etc.

Though this survey has been helpful in identifying key
challenges blocking the use of indigenously developed
diagnostics which can be useful in containment of AMR,
this survey had many limitations. This is not an exhaus-
tive survey of all available diagnostics under development
relevant to AMR in India and we may have missed out
the other fully developed diagnostics which are not yet
in public domain in any form, for example, research or
news publications, etc. While we cite and bring to light
the challenges faced by developers at advanced stage of
development, we may be missing the early-stage diag-
nostic development challenges leaving open the possi-
bility of introducing self-bias to the assessment. Although
we did try to design the questionnaires for objective assess-
ment of all the critical aspects of the diagnostics and their
development process. The survey could also have bene-
fited from participation of other stakeholder groups who
are part of supply chain or associated with test service and
delivery, both in public and private sector, and who may
become relevant as these innovations develop further
and get closer to deployment. We could not include their
opinions in this survey.

From our study findings, we are hopeful that diagnos-
tics developed by Indian innovators have the potential
to be helpful in containment of AMR, not only in India
but also in other LMICs. Government can take series of
initiatives that can fill the prevailing gaps and expedite
the market entry of indigenously developed quality AMR
diagnostics in country. First, TPPs on country-specific
priority conditions such as typhoid, sepsis, neonatal
sepsis and fever need to be developed urgently by
engaging clinicians, microbiologists, epidemiologists, etc
to address the unmet clinical needs and ensure the devel-
opment of ‘fitfor-purpose’ translatable products. TPPs
for rapid detection of many serious conditions like sepsis,
neonatal sepsis, acute febrile illness, differentiating viral
and bacterial infections etc. are non-existent and the ones
developed by WHO (https://apps.who.int/iris/discover?
query=Target+product+profile) and FIND (https://www.
finddx.org/tpps/) do not adequately address the health-
care needs in Indian healthcare system.

Second, there is a need to create guidelines explaining
the process and framework of validation of AMR diagnos-
tics with inputs from relevant stakeholders. The innovators
in the country have made phenomenal progress towards

creating desired diagnostics, however, they need to be
supported with funding and guidance to achieve the final
validation for regulatory approvals so that the investments
made so far can be harnessed for the clinical advantage. An
expert group comprising of technical experts, regulators
and policy makers should be brought together to address
these bottlenecks and create a pathway for effective transla-
tion and utilisation of diagnostics under development or the
ones already developed.

Third, a systematic evaluation of the cost effectiveness and
potential clinical utility of the indigenously developed diag-
nostics needs to be undertaken and documented through
the HTAIn or NHInP. This evaluation can be useful in high-
lighting the value of using rapid diagnostics in Indian settings
and for creating opportunities for enhanced funding and
investment in AMR diagnostics.

In conclusion, the availability of many developed or
under-development rapid POC diagnostics, which can
be helpful in containment of AMR, instils confidence.
How we take advantage of this opportunity to strengthen
diagnostic stewardship will depend on the efficiency with
which all the links in the pathway for uptake of indige-
nously developed diagnostics in healthcare system func-
tion. Unless we enable this, it will be a lost opportunity
not only for our country but also for the other LMICs
who could have benefited from affordable good quality
rapid diagnostics for containment of AMR.

CONCLUSIONS

Many countries, including India, are supporting
efforts towards development of rapid POC diagnostics,
which can be helpful in containment of AMR. Despite
tremendous progress in this area, no diagnostic has
yet been put to clinical use in the country. Develop-
ment of rapid tests for AMR containment is time,
capital and resource-intensive endeavour. In order for
these efforts to make a clinical difference, there is an
urgent need to develop the country-specific TPPs and,
a well-defined pathway for validation of these diagnos-
tics which will ascertain their actual utility in the field
and facilitate regulatory approvals. All efforts should
be made to address these bottlenecks to ensure that
the investment towards new product development is
well used and the diagnostics being developed are
made available for use at the earliest.
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