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Abstract

Background: Timely and accurate diagnosis of SARS-CoV-2 infection is essential for controlling the spread of
COVID-19. While RT-PCR remains the gold standard, its limited availability and longer turnaround time in
resource-limited settings have led to the use of alternative diagnostic methods such as Rapid Antigen Tests (RAT)
and TRUENAT. This study aimed to evaluate and compare the diagnostic performance of RAT and TRUENAT
against RT-PCR.

Methods: A cross-sectional diagnostic evaluation study was conducted at Sub District Hospital, Khedbrahma,
Gujarat, from 9 January 2020 to 2 February 2021. A total of 300 patients underwent testing using all three
modalities: RT-PCR, RAT, and TRUENAT. Clinical and demographic data were collected. RT-PCR served as
the reference standard. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) of RAT and TRUENAT were calculated. Agreement with RT-PCR was assessed using Cohen’s Kappa,
and ROC analysis was performed.

Results: Among 300 patients, 40% were RT-PCR positive. RAT showed a sensitivity of 64%, specificity of 93%,
PPV of 87%, and NPV of 77%. TRUENAT demonstrated superior performance with sensitivity of 84%,
specificity of 98%, PPV of 97%, and NPV of 89%. The overall agreement with RT-PCR was moderate for RAT
(x=0.61) and substantial for TRUENAT (k = 0.82). The ROC analysis confirmed higher diagnostic accuracy for
TRUENAT (AUC = 0.91) compared to RAT (AUC = 0.79).

Conclusion: TRUENAT offers diagnostic performance comparable to RT-PCR and is a suitable alternative in
secondary care and rural settings, especially where molecular infrastructure is limited. RAT may be useful for
rapid screening, but confirmatory testing is necessary due to its lower sensitivity. Strategic deployment of
TRUENAT can enhance early detection and strengthen COVID-19 diagnostic capacity in decentralized healthcare
systems.
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Introduction

The emergence of Severe Acute Respiratory became a cornerstone of containment measures
Syndrome Coronavirus-2 (SARS-CoV-2), the worldwide [2]. Reverse Transcription Polymerase
causative agent of Coronavirus Disease 2019 Chain Reaction (RT-PCR) is considered the gold
(COVID-19), has posed an unprecedented global standard for the detection of SARS-CoV-2 due to its
public health challenge since its identification in late high sensitivity and specificity [3]. However, RT-
2019. The virus primarily spreads through PCR testing requires advanced laboratory
respiratory droplets and aerosols, and accurate infrastructure, trained personnel, and significant
laboratory diagnosis is essential for controlling turnaround time, which can delay diagnosis,
transmission, implementing isolation strategies, and especially in resource-limited settings [4]. To
guiding treatment protocols [1]. As the pandemic address these challenges, other rapid molecular and
evolved, timely and reliable diagnostic testing antigen-based  diagnostic  tools have been
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introduced, such as the Rapid Antigen Test (RAT)
and TRUENAT, a chip-based micro-PCR platform
developed in India for point-of-care diagnosis [5,6].
Each of these methods varies in terms of cost,
turnaround time, ease of use, and diagnostic
performance, especially across different stages of
infection and sample viral load [7].

Globally, COVID-19 testing strategies have evolved
rapidly, with a major focus on scaling up testing
capacities and deploying decentralized, rapid
diagnostic tools in primary and secondary care
settings [8]. In India, the Indian Council of Medical
Research (ICMR) authorized the use of RT-PCR,
RAT, and TRUENAT for COVID-19 testing under
defined clinical and epidemiological indications [9].
However, several field-based studies have indicated
varying performance of these assays in real-world
scenarios, particularly in secondary care hospitals
and rural laboratories [10]. The performance of
TRUENAT and RAT in detecting SARS-CoV-2,
especially in asymptomatic or early-stage patients,
remains a subject of ongoing evaluation in India’s
tiered health infrastructure [11]. In Gujarat and other
parts of Western India, the adoption of TRUENAT
in secondary care settings has increased, though
comparative validation studies with RT-PCR are
limited [12].

The main problem lies in balancing diagnostic
accuracy with accessibility. While RT-PCR remains
definitive, its limited availability and delayed
reporting in peripheral centers have prompted
reliance on quicker alternatives like RAT and
TRUENAT. However, overreliance on rapid
methods without local validation may lead to false
negatives, delayed isolation, and community
transmission [13].

In this study conducted from 9 January 2020 to 2
February 2021 at a secondary care hospital, a total
of 300 patients were evaluated using all three testing
methods—RT-PCR (as the reference standard),
Rapid Antigen Test, and TRUENAT. The Rapid
Antigen Test demonstrated a sensitivity of 64% and
specificity of 93%, while TRUENAT showed higher
sensitivity at 84% and specificity at 98%. The
positive predictive value (PPV) and negative
predictive value (NPV) for RAT were 87% and
77%, respectively, compared to 97% PPV and 8§9%
NPV for TRUENAT. These figures suggest that
while RAT offers faster turnaround and is easier to
deploy, its lower sensitivity could lead to
underdiagnosis. In contrast, TRUENAT exhibited
performance metrics close to RT-PCR and is better
suited for early detection and confirmatory testing.

This study was designed to comparatively evaluate
the diagnostic performance of RT-PCR, Rapid
Antigen Test, and TRUENAT in detecting SARS-
CoV-2 infection during the peak of the COVID-19
pandemic in a secondary care hospital. The
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justification for the study lies in the urgent need to
identify the most suitable, efficient, and accurate
diagnostic strategy for use in resource-limited
healthcare settings. The aim is to generate data that
can support evidence-based diagnostic planning and
resource allocation at the district and sub-district
levels. The expected outcome is to assist
policymakers and clinicians in optimizing COVID-
19 testing workflows without compromising
diagnostic accuracy, particularly during high
caseload surges or in remote areas.

Materials and Methodology

This cross-sectional diagnostic evaluation study was
conducted in the microbiology section of the
laboratory at Sub District Hospital, Khedbrahma,
Gujarat, over a period of 13 months, from 9 January
2020 to 2 February 2021. The aim was to assess and
compare the diagnostic performance of Rapid
Antigen Test (RAT) and TRUENAT in comparison
to the reference standard RT-PCR for the detection
of SARS-CoV-2 among patients tested during the
COVID-19 pandemic.

A total of 300 patients were included in the study.
The study population comprised both symptomatic
individuals presenting with fever, cough, dyspnea,
sore throat, or anosmia, and asymptomatic
individuals who were close contacts or underwent
routine surveillance screening as per state and
national COVID-19 testing guidelines. Patients of
all age groups and both genders were considered
eligible. Informed verbal or written consent was
obtained before sample collection.

Nasopharyngeal and/or oropharyngeal swab
samples were collected from all participants using
sterile viral transport medium (VTM) kits under
appropriate biosafety precautions. Each sample was
subjected to three diagnostic tests: RT-PCR, Rapid
Antigen Test, and TRUENAT.

RT-PCR was performed using ICMR-approved
commercial kits targeting multiple SARS-CoV-2
specific genes, such as E gene, RdRp gene, and N
gene. The procedure involved RNA extraction and
thermal amplification using real-time PCR machines
within a BSL-2 facility. Test results were interpreted
based on Ct value thresholds recommended by kit
manufacturers.

Rapid Antigen Testing (RAT) was carried out at the
point of care using ICMR-validated lateral flow
immunoassay kits. The results were interpreted
visually after 15-30 minutes. Positive results were
considered confirmatory for COVID-19, while
negative results were advised for RT-PCR
confirmation as per national testing strategy.
TRUENAT testing was done on the Truelab™
micro-PCR platform. This involved a two-step
process: initial screening using the E-gene chip
followed by confirmatory testing with the RdRp

International Journal of Current Pharmaceutical Review and Research

52



International Journal of Current Pharmaceutical Review and Research

gene chip if positive. The test was performed
according to ICMR guidelines and manufacturer’s
protocols in a dedicated laboratory area.

All test results were recorded systematically for each
patient. RT-PCR was considered the gold standard
reference test. The results of RAT and TRUENAT
were compared with RT-PCR to assess diagnostic
performance.

Data were compiled in Microsoft Excel and
analyzed using SPSS software (version 25).
Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of RAT
and TRUENAT were calculated. Diagnostic
agreement with RT-PCR was evaluated using
Cohen’s Kappa (k) statistic. Receiver operating
characteristic (ROC) curves were plotted, and a p-
value of <0.05 was considered statistically
significant.

Result

In this laboratory-based diagnostic study, a total of
300 patients presenting for COVID-19 testing at Sub
District Hospital, Khedbrahma were evaluated using
RT-PCR, Rapid Antigen Test (RAT), and
TRUENAT. The mean age of the participants was
approximately 39 years, with an age range of 18 to
70 years. The majority of patients (62%) were in the
1845 years age group, followed by 28% in the 46—
60 years group, and 10% above 60 years. Male
patients constituted 59.3% (n = 178) of the study
population, while females were 40.7% (n = 122).

Clinically, 57% of patients (n = 171) were
symptomatic at presentation, with the most common
symptoms being fever (48%), cough (44%), sore
throat (36%), breathlessness (21%), and anosmia or
loss of taste (15%). The remaining 43% (n = 129)
were asymptomatic individuals tested as part of
contact tracing, pre-operative screening, or
surveillance protocols. All patients underwent
sample collection for the three tests simultaneously.
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RT-PCR, considered the gold standard, detected 120
positive cases out of 300, reflecting a positivity rate
of 40%. When compared to RT-PCR:

e The Rapid Antigen Test (RAT) detected 77 of
the 120 RT-PCR positive cases, resulting in a
sensitivity of 64%, and it correctly identified
168 of the 180 RT-PCR negative cases, yielding
a specificity of 93%. The positive predictive
value (PPV) was 87%, indicating that most
RAT-positive cases were truly infected, while
the negative predictive value (NPV) was 77%,
reflecting the chance of false negatives in RAT-
negative individuals.

e The TRUENAT test detected 101 out of the 120
RT-PCR positive cases, demonstrating a
sensitivity of 84%. It correctly identified 176 of
the 180 RT-PCR negative cases, resulting in a
specificity of 98%. TRUENAT also showed an
excellent PPV of 97% and a strong NPV of
89%, indicating high accuracy in both positive
and negative predictions.

Overall, TRUENAT showed significantly better
diagnostic concordance with RT-PCR compared to
RAT, especially in symptomatic cases and those
with high clinical suspicion. The higher false-
negative rate observed with RAT underscores its
limitation as a stand-alone diagnostic tool. However,
its speed and ease of use made it useful for
preliminary screening in high-volume outpatient
settings. On the other hand, TRUENAT offered a
near-equivalent performance to RT-PCR, making it
a valuable diagnostic option for resource-limited
secondary care centers where molecular testing is
needed with quicker turnaround time but high
reliability. These findings emphasize the need for
strategic use of rapid tests like RAT for initial triage,
followed by confirmatory testing with molecular
methods such as TRUENAT or RT-PCR,
particularly during peak transmission periods or in
patients with suggestive clinical symptoms.

Table 1: Demographic and Clinical Profile of Study Participants (n = 300)

Parameter Category Frequency (n) Percentage (%)
Age Group (years) 18-45 186 62.0%
46-60 84 28.0%
>60 30 10.0%
Gender Male 178 59.3%
Female 122 40.7%
Symptom Status Symptomatic 171 57.0%
Asymptomatic 129 43.0%
Common Symptoms Fever 144 48.0%
Cough 132 44.0%
Sore Throat 108 36.0%
Breathlessness 63 21.0%
Anosmia/Loss of Taste 45 15.0%
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Table 2: Diagnostic Outcome Comparison of RAT and TRUENAT vs RT-PCR (n = 300)
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Discussion

This study compared the diagnostic performance of
Rapid Antigen Test (RAT) and TRUENAT against
the gold standard RT-PCR for the detection of
SARS-CoV-2 among patients tested during the
COVID-19 pandemic. The findings demonstrated
that TRUENAT had significantly higher sensitivity
(84%) and specificity (98%) compared to RAT
(64% sensitivity, 93% specificity), thereby proving
its superiority as a diagnostic tool in secondary care
settings.

The lower sensitivity of RAT aligns with studies that
have questioned its reliability in asymptomatic cases
and early infection. Scohy et al. observed that RATs
detect only high viral load cases and may miss early
or late infections with lower viral burden [14]. A
multicentric Indian study reported RAT sensitivity
to range between 50-70% depending on the
presence of symptoms, emphasizing the risk of false
negatives in low-prevalence settings [15].

In contrast, TRUENAT showed diagnostic metrics
much closer to RT-PCR in our study, which is
consistent with earlier Indian validations. Gupta et
al. reported TRUENAT sensitivity at 83.3% and
specificity at 97.7%, validating its role as a
decentralized molecular diagnostic platform [16]. A
Gujarat-based study by Patel et al. similarly found
TRUENAT to be highly reliable in district-level
laboratories with minimal infrastructure, supporting
its applicability in rural hospitals [17].

The high positive predictive value (97%) and
negative predictive value (89%) of TRUENAT in
our findings also match global observations. WHO
and ICMR have recommended TRUENAT as a
scalable molecular solution in areas lacking full RT-
PCR infrastructure, especially when immediate
results are essential [18,19]. Moreover, Mina et al.
argued that test frequency and accessibility may
outweigh ultra-high sensitivity in real-world
outbreak control—reinforcing the relevance of rapid
molecular tools like TRUENAT [20].

Although RT-PCR remains the gold standard, it
poses operational challenges such as longer
turnaround time, batching delays, and centralized
lab dependence. Sethuraman et al. noted that while
RT-PCR is highly sensitive, logistical barriers limit
its impact in peripheral settings [21]. In our study,
TRUENAT enabled same-day results with high
reliability, demonstrating its feasibility in a
secondary care hospital.

RAT, on the other hand, had a lower sensitivity and
a moderate kappa agreement (k = 0.61), indicating
potential for missed diagnoses. As emphasized by
WHO guidance, RATs should only be used in
symptomatic individuals within the first few days of
illness or in high-prevalence outbreak settings [22].
In this study, most false negatives on RAT occurred
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among asymptomatic or mildly symptomatic
individuals, underscoring this limitation.

Finally, our study found that TRUENAT achieved
substantial agreement with RT-PCR (x = 0.82),
supporting its role not only as a confirmatory tool
but also as a standalone diagnostic in decentralized
facilities. Field evaluations in South Asia and Africa
have shown similar outcomes, with TRUENAT
performing reliably under varied conditions and
minimal laboratory infrastructure [23,24].

In summary, this study reinforces that RAT may be
used for quick screening in high-volume centers but
requires confirmation with a molecular test.
TRUENAT, on the other hand, offers a strong
alternative to RT-PCR with comparable accuracy
and faster turnaround, making it ideal for secondary
and district-level hospitals managing COVID-19
diagnostics in resource-limited settings [25].

Conclusion

This study highlights the comparative diagnostic
performance of Rapid Antigen Test (RAT) and
TRUENAT in detecting SARS-CoV-2 infection,
using RT-PCR as the reference standard. While
RAT offers the advantage of rapid, on-site results, it
demonstrated moderate sensitivity and missed a
significant number of cases, particularly among
asymptomatic individuals. In contrast, TRUENAT
showed high sensitivity and specificity, with
diagnostic accuracy approaching that of RT-PCR,
and substantial agreement in both symptomatic and
asymptomatic patients. Its quick turnaround time,
portability, and high reliability make TRUENAT an
effective molecular diagnostic tool for use in
secondary care and resource-limited settings. Based
on the findings, TRUENAT can be recommended as
a dependable alternative to RT-PCR, especially
where timely diagnosis is essential and laboratory
infrastructure is limited. RAT may still play a role in
mass screening and triage, but confirmatory testing
should be employed in clinically suspicious or high-
risk cases to avoid false negatives.

Limitations and Recommendations

This study, though insightful, had several
limitations. It was conducted at a single secondary
care center, which may limit the generalizability of
the findings to other settings with different patient
demographics or resource availability. The sample
size, while adequate for preliminary evaluation, may
not capture all variability in diagnostic performance,
especially across different stages of illness.
Additionally, patient follow-up was not conducted
to assess clinical correlation or viral load, which
could have provided deeper insight into test
sensitivity at various phases of infection. The study
also did not evaluate inter-operator variability or the
performance of different brands of antigen Kkits,
which could influence test accuracy.

International Journal of Current Pharmaceutical Review and Research

55



International Journal of Current Pharmaceutical Review and Research

Future studies with multicenter participation, larger
sample sizes, and stratification by symptom duration
and severity are recommended. Incorporating cycle
threshold (Ct) values from RT-PCR could further
validate the diagnostic range of RAT and
TRUENAT. It is also advisable to evaluate cost-
effectiveness, training requirements, and operational
feasibility of deploying TRUENAT widely in sub-
district and rural laboratories. Strengthening
confirmatory testing pathways and integrating rapid
molecular platforms into national diagnostic
algorithms can enhance early detection and improve
pandemic preparedness in decentralized health
systems.
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