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ABSTRACT

Introduction: Coronavirus Disease-2019 (COVID-19), caused
by the Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) is ravaging the globe due to its rapid spread.
Since providing fast results is of critical importance in a time of
shortage of medical personnel and beds in isolation wards and
to ensure timely treatment for patients, developing high quality
rapid Point of Care (POC) diagnostics is essential.

Aim: To compare the diagnostic performance of chip based
real time Reverse Trancriptase Polymerase Chain Reaction (RT-
PCR) (TrueNat) which has a shorter turnaround time compared
to conventional real time RT-PCR in samples of suspected
COVID-19 patients.

Materials and Methods: The present cross-sectional observational
study was carried out in a tertiary care hospital in New Delhi,
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India. Five hundred randomly selected Oropharyngeal (OP) swabs
samples received from May-July 2020, were included in the study
to compare the diagnostic performance of chip based real time RT-
PCR (TrueNat) with conventional real time RT-PCR for diagnosis of
SARS-CoV-2 infection. All statistical analysis was performed using
STATA version 16.1 software (College station, Texas, USA).

Results: The sensitivity of TrueNat test was 100% while the
specificity was found to be 99.12% at 95% confidence intervals.
The positive predictive value was 91.84% and the negative
predictive value was 100%.

Conclusion: The short turnaround time, good sensitivity and
specificity makes TrueNat a reliable and affordable option to
provide rapid results in cases requiring urgent interventions and
to augment SARS-CoV-2 testing capacity at peripheral settings
where sample load is less.
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INTRODUCTION

SARS-CoV-2, a novel coronavirus, from the family of SARS-CoV-2
and Middle East Respiratory Syndrome (MERS) coronavirus, was
first identified in Wuhan, China, in December 2019 [1]. Its global
spread has been rapid, causing the World Health Organisation
(WHO) to declare it a Public Health Emergency of International
Concern on 30" January 2020. The relentless spread of the
disease led to the condition being declared it as pandemic
on 11" March 2020 [2]. The virus has disrupted the living and
working conditions of billions of citizens worldwide due to different
forms of physical distancing and lockdowns in many cities. Since
COVID-19 presents a variety of clinical manifestations, ranging
from asymptomatic to mild flu-like symptoms to life-threatening
complications, efficient testing during the early stages of infection
is critical in order to distinguish COVID-19 patients from those with
other diseases [3]. Within 5-6 days of the onset of symptoms,
patients with COVID-19 demonstrated high viral loads in their
upper and lower respiratory tracts [4-7].

Laboratory diagnosis plays an important role, not only in
diagnosis of the infection and management of the patients but
also in prevention and control of disease. In unravelling the
complicated dynamics involved in SARS-CoV-2 infection it is
extremely important to have reliable and rapid testing procedures
[3]. A Nasopharyngeal (NP) swab and/or an OP swab are often
recommended for screening or diagnosis of early infection [5,8,9].
The conventional real time RT-PCR is considered as the gold
standard test for detecting cases of COVID-19, targets Envelope
gene (E-gene) as screening gene and Open Reading Frame 1 ab
gene (ORF1ab), RNA-dependent RNA polymerase (RdRp), and
spike gene (S-gene) as confirmatory genes. It offers both high
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accuracy and throughput [10-12]. The Limit of Detection (LoD)
was reportedly as 4-8 copies of the virus upon amplification of two
or more genes at 95% confidence intervals [11-13]. The samples
to be tested by real time RT-PCR require a cold chain maintained
at 2-8°C to prevent false negative result. Average time taken is
around 5-6 hours from receipt of sample to getting the result.
However, setting up conventional RT-PCR laboratory for COVID-
19 needs specialised infrastructure with appropriate biosafety
measures and is technically demanding.

The chip based real time RT-PCR, which is modified real time
RT-PCR is easy to perform, has rapid turnaround time, requires
minimal infrastructure and hence can be performed in small
healthcare setups. One such test is TrueNat Beta CoV test by
Molbio Diagnostics Private Limited, India which is a POC molecular
diagnostic test and has been approved by Indian Council of Medical
Research (ICMR) on 14™ April 2020 [14] for diagnosis of COVID-19.
The cost of the test is more than that of RT-PCR but for rural areas
where healthcare infrastructure is very poor, TrueNat is the test of
choice. It has rapid turnaround time, does not require biosafety
cabinet and staff with minimal training can perform the test. In
TrueNat RT-PCR, E-gene detects the numerous coronaviruses
including SARS-CoV-2 while RdRp gene only detects SARS-CoV-2
which is used as a confirmatory test [15]. The present study aims
to compare the diagnostic performance of chip based real time RT-
PCR (TrueNat) with conventional real time RT-PCR for diagnosis of
SARS-CoV-2 infection.

MATERIALS AND METHODS

A cross-sectional observational study was carried out in Department
of Microbiology, ABVIMS and Dr. RML Hospital, New Delhi, India.



Amiyabala Sahoo et al., Evaluation of Two Real Time RT-PCR Methods for Detection of SARS-CoV-2

Five hundred randomly selected OP swab samples received from
May-July 2020 were included in the study. This study was approved
by the Institutional Review Board (IRB) (438(87/2020). Waiver of
consent was obtained by the IRB, as the study was carried out on
left over samples, which were stored at appropriate temperature to
prevent the damage of samples, identified by a laboratory generated
number with no traceability to the patients. The comparative results
were not used in the clinical decision making.

Inclusion criteria: Samples stored at appropriate temperature that
were tested by real time RT-PCR were included.

Exclusion criteria: Insufficient sample and samples which were not
stored at appropriate temperature were excluded.

RNA Extraction

TrueNat™ SARS-CoV-2 works on the principle of real time RT-PCR
based on TagMan chemistry. The RNA from the patient sample is
first extracted using Trueprep® AUTO/AUTO v2 Universal Cartridge
based Sample Prep Device and Trueprep® AUTO/AUTO v2 Universal
Cartridge based Sample Prep Kit and assayed using TrueNat™ Beta
CoV test [16].

Real Time RT-PCR Assay

1. Chip based real time RT-PCR (TrueNat): This is a two-step
assay. The procedure was followed as per manufacturer’s
instructions as follows:

Step 1: All the samples were first tested by E-gene for Sarbecovirus
screening assay which takes 40 minutes to complete. All negatives
were considered as true negatives. All positive samples were
subjected to confirmation by step 2 assay.

Step 2: All the samples that tested positive by RdRp gene for
SARS-CoV-2 confirmatory assay was considered as true positive.
The results were available in 40 minutes.

2. Conventional real time RT-PCR Test: ICMR approved
PathoDetect™ Coronavirus (COVID-19) PCR kit (Mylab Discovery
Solutions, Pune, India) was used for performing quanitative
RT-PCR test for the amplification and detection of E-gene of
Sarbecovirus and RdRp gene of SARS-CoV-2 [17]. The test
was carried out as per the manufacturer’s instructions. The PCR
was put up in CFX96 Touch BioRad (Hercules, California, USA)
real time PCR system. Thermal profile for RT-PCR was followed
as per the manufacturer’s instructions which completes in
2.5-3 hours. Samples which detected both E-gene and RdRp
were considered as positive.

STATISTICAL ANALYSIS

All the results were entered in Microsoft Excel sheet and correlation
tables were made. Performance of TrueNat test was compared
with conventional real time RT-PCR for detection of SARS-CoV-2
genes. Sensitivity, specificity, positive predictive value, and negative
predictive value were calculated. All statistical analysis was
performed using STATA version 16.1 software (College station,
Texas, USA). The p-value was calculated by Pearson’s correlation
with bonferroni correction.

RESULTS

Performance of chip based real time RT-PCR (TrueNat) was assessed
using the conventional real time RT-PCR as a benchmark. A total of
500 samples were screened.

Chip based real time RT-PCR (TrueNat) results: Out of 500 samples,
49 were TrueNat positive and 451 were TrueNat negative.
Comparison with conventional real time RT-PCR: Out of 500, 45

samples were positive and 455 were negative by real time RT-PCR.
All the samples negative by TrueNat were also negative by real time
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RT-PCR. Out of 49 TrueNat positive samples, 45 were positive by
real time RT-PCR and 04 samples were negative by real time RT-
PCR [Table/Fig-1].

RT-PCR +ve RT-PCR -ve Total
TrueNat +ve 45 04 49
TrueNat -ve 0 451 451
Total 45 455 500

[Table/Fig-1]: Comparison of test results of RT-PCR and TrueNat.

The sensitivity of TrueNat test was 100% while the specificity was
found to be 99.12% at 95% confidence intervals. The positive
predictive value was 91.84% and the negative predictive value was
100%. The turnaround time of TrueNat was 75 minutes for samples
that were negative for E-gene and approximately two hours for
samples positive for both E-gene and RdRp gene whereas the
turnaround time for processing a sample by real time RT-PCR was
around 4-6 hours.

Among the 64 E-gene positives detected by TrueNat, 59 were
found to be positive by conventional real time RT-PCR method for
the same. There was a very high correlation i.e., 97% among the
Ct values between TrueNat and real time RT-PCR (p<0.001) [Table/
Fig-2]. The average Ct value for E-gene by TrueNat was 21.62+6.64
vs real time RT-PCR was 26.02+7.19.
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[Table/Fig-2]: Line diagram showing comparison of Ct values between TrueNat
and RT-PCR where correlation coefficient=0.97 (n=64) (p<0.001). X-axis represents
number of samples positive for E-gene.

Among the 49 RdRp gene detected positive by TrueNat, 45 were
found to be positive by real time RT-PCR for the same. There was
a very high correlation i.e., 96% among the Ct values between
TrueNat and real time RT-PCR (p<0.001) [Table/Fig-3]. The average
Ct value for RdRp gene by Ct TrueNat was 23.40+6.68 vs real time
RT-PCR method was 25.96+7.20.
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[Table/Fig-3]: Line diagram showing comparison of Ct values between TrueNat
and RT-PCR where correlation coefficient=0.96 (n=49) (p<0.0001). X-axis represents

number of samples positive for RARp gene.

DISCUSSION

Rapid diagnosis is a remarkable step towards the containment of
the COVID-19 virus. The surge of COVID-19 cases in India and
across the globe requires a rapid and sensitive molecular assay.
Getting accurate, convenient, and rapid testing for widespread
dissemination will help eradicate the silent spread by asymptomatic
viral carriers of COVID-19. TrueNat is a chip based real time
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RT-PCR test used for diagnosis of SARS-CoV-2 in India. It is a
temperature stable test based on TagMan chemistry and detects
E-gene from Sarbecovirus for screening followed by RdRp gene of
SARS-CoV-2 for confirmation. The viral lysis buffer that comes with
the COVID-19 cartridges inactivates the virus and poses minimum
biosafety hazard. Safety is further augmented by the closed
nature of this platform and minimum sample handling. The LoD for
E-gene is 486 genome copies/mL and RdRp gene is 407 genome
copies/mL (Molbio Diagnostics) [18]. Testing by TrueNat requires
limited infrastructure as compared to conventional real time RT-
PCR. It does not require cold chain maintenance which enables
easy transportation of samples and reagents. The turnaround time
for reporting negative results after screening assay is one hour
and for reporting positive result by confirmatory assay is another
one hour.

Practical considerations, however, still position conventional real time
RT-PCR as the principal method as: 1) conventional real time RT-PCR
has for decades been the gold standard and has a well-developed
supply chain for reagents and equipment; 2) conventional real time
RT-PCR is simpler in the primer design and requires fewer additives,
which brings down the cost per test; 3) in clinical laboratories
where large batches of samples are processed, conventional real
time RT-PCR easily makes up for the speed advantage of TrueNat;
and 4) conventional real time RT-PCR is compatible with different
kits being designed as the disease evolves, whereas TrueNat is
proprietary product [19].

In the current study, the TrueNat assay showed a high concordance
with the RT-PCR test with a sensitivity of 100% and specificity of
99.12%. With a negative predictive value of 100%, TrueNat has
an advantage to test asymptomatic cases, patients requiring
urgent surgery or any other intervention, antenatal patients who
land in emergency with labour and mortuary samples where rapid
reporting is required. Similar findings were also revealed in a study
by Basawarajappa SG et al., which showed a clinical sensitivity,
clinical specificity and overall concordance to be 100% [20]. A
study by Alagarasu K et al., observed a sensitivity of 81.8% by
RARP assay for detection of SARS-CoV-2 [21]; while another
study by Sadhna S and Hawaldar R observed a sensitivity of
96.5% [15].

In this study, there were four samples that were positive by TrueNat
but negative by conventional real time RT-PCR. A systematic review
by Rodriguez IA et al., on the accuracy of COVID-19 tests reported
false negative rates between 2-29% (equating to sensitivity of 71-
98%), based on negative conventional real time RT-PCR tests
which were positive on repeat testing [22]. Due to multiple steps in
conventional real time RT-PCR there are chances of errors. Moreover,
the requirement of sophisticated laboratory and specifically trained
personnel adds to the limitations posed by conventional real time
RT-PCR making it unsuitable for use in peripheral settings. However,
a positive RT-PCR result for COVID-19 test has more significance
than a negative result owing to its high specificity. Thus, a negative
result by RT-PCR cannot rule out the possibility for the patient of not
having the disease.

Also, an interesting feature that TrueNat exhibits was the early
detection of the virus suggested by a lower Ct value in comparison
to the conventional real time RT-PCR [Table/Fig-2,3]. As this feature
will aid in detecting the virus early, hence TrueNat becomes the
investigation of choice in circumstances where urgent intervention
is required.

Limitation(s)
Even though TrueNat exhibits a high sensitivity and specificity,
the high cost limits its use in urban areas where real time RT-PCR
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test, being the gold standard test for detection SARS-CoV-2, is
easily available and affordable. A larger sample size could have
further helped to obtain better estimates of the performance
of TrueNat.

CONCLUSION(S)

The gold standard method for laboratory diagnosis of SARS-
CoV-2 infection is RT-PCR, which is a time tested method with
high sensitivity and specificity but from sample collection to
sample processing and interpretation of data, it necessitates certain
strict requirements and skill. While the indigenous TrueNat is a
chip based real time RT-PCR test kit that provides a viable and
economical solution for supplementing SARS-CoV-2 testing
capability in India at remote locations with low sample loads. It is
not very technically demanding, routine staff with minimal training
can perform the test. The good sensitivity and specificity of TrueNat
for case detection of COVID-19 along with shorter turnaround time
takes the advantage over conventional real time RT-PCR in cases
requiring urgent interventions.

REFERENCES

[11 Giuseppe P, Alessandro S, Chiara P, Federica B, Romualdo DB, Fabio C, et al.
COVID-19 diagnosis and management: A comprehensive review. J Intern Med.
2020;288(2):192-206.

[2] Rao GG, Agarwal A, Batura D. Testing times in Coronavirus disease (COVID-19):
A tale of two nations. Med J Armed Forces India. 2020;76(3):243-49.

[3] Carter LJ, Garner LV, Smoot JW, Li Y, Zhou Q, Saveson CJ, et al. Assay
techniques and test development for COVID-19 diagnosis. ACS Cent Sci.
2020;6(5):591-605.

[4] PanY, Zhang D, Yang P, Poon LLM, Wang Q. Viral load of SARS-CoV-2 in clinical
samples. Lancet Infect Dis. 2020;20(4):411-12.

[5] Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, et al. SARS-CoV-2
viral load in upper respiratory specimens of infected patients. N Engl J Med.
2020;382:1177-79.

[6] To KK, Tsang OT, Leung WS, Tam AR, Wu TC, Lung DC, et al. Temporal profiles
of viral load in posterior oropharyngeal saliva samples and serum antibody
responses during infection by SARSCoV- 2: An observational cohort study.
Lancet Infect Dis. 2020;23:30196-91.

[7]1 Wolfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Muller MA, et al.
Virological assessment of hospitalized patients with COVID-2019. Nature.
2020;581:465-69.

[8] Chan PK, To WK, Ng KC, Lam RK, Ng TK, Chan RC, et al. Laboratory diagnosis
of SARS. Emerg Infect Dis. 2004;10:825-31.

[91 Kim C, Ahmed JA, Eidex RB, Nyoka R, Waiboci LW, Erdman D, et al
Comparison of nasopharyngeal and oropharyngeal swabs for the diagnosis of
eight respiratory viruses by real-time reverse transcription-PCR assays. PLoS
One. 2011;6:e21610.

[10] Kilic T, Weissleder R, Lee H. Molecular and immunological diagnostic tests of
COVID-19: Current status and challenges. Science. 2020;23(8):101406.

[11] Xia J, Tong J, Liu M, Shen Y, Guo D. Evaluation of coronavirus in tears and
conjunctival secretions of patients with SARS-CoV-2 infection. J Med Virology.
2020;92(6):589-94.

[12] HanH, Luo Q, Mo F, Long L, Zheng W. SARS-CoV-2 RNA more readily detected
in induced sputum than in throat swabs of convalescent COVID-19 patients. The
Lancet Infect Dis. 2020;20(6):655-56.

[13] Arnaout R, Lee RA, Lee GR, Callahan C, Yen CF, Smith KP, et al. SARS-CoV2
testing: The limit of detection matters. bioRxiv. 2020:2020.06.02.131144. Doi:
10.1101/2020.06.02.131144.

[14] Indian Council of Medical Research, Newer Additional Strategies for COVID-19
available on: Testing https://www.icmr.gov.in/pdf/covid/strategy/New_additional_
Advisory_23062020_3.pdf. [Date of access-06 June 2021].

[15] Sadhna S, Hawaldar R. Evaluation of Truenat RT PCR for diagnosis of
SARS CoV2 infection- An observational study. Indian J Microbiol Res.
2020;7(3):265-69.

[16] Truenat COVID19 packinsert VER 03.cdr- Molbio Diagnostics: https://www.
molbiodiagnostics.com/uploads/product_download/20200610.165040~Truenat-
SARS-CoV-2-packinsert-VER-03.pdf. [Date of access-06 June 2021].

[17] Performance evaluation of commercial kits for real time PCR for COVID by ICMR
identified validation centres: https://www.icmr.gov.in/pdf/covid/kits/archive/RT_PCR_
Tests_Kits_Evaluation_Summ_01072020.pdf. [Date of access-06 June 2021].

[18] Truenat TM COVID-19 Molbio Diagnostics Pvt., Ltd: https://www.molbiodiagnostics.
com/uploads/product_download/20201026.181002~Brochure-Truenat-COVID-
19.pdf. [Date of access-06 June 2021].

[19] Cho H, Jung YH, Cho HB, Kim HT, Kim KS. Positive control synthesis method
for COVID-19 diagnosis by one-step real-time RT-PCR. Clinica Chimica Acta.
2020;511:149-53.

[20] Basawarajappa SG, Rangaiah A, Padukone S, Yadav PD, Gupta N, Shankar
SM. Performance evaluation of Truenat™ Beta CoV & Truenat™ SARS-CoV-2
point-of-care assays for coronavirus disease 2019. The Indian J Med Res.
2021;153(1-2):144.



Amiyabala Sahoo et al., Evaluation of Two Real Time RT-PCR Methods for Detection of SARS-CoV-2 www.jcdr.net

[21] Alagarasu K, Choudhary ML, Lole KS, Abraham P, Potdar V. Evaluation of RdRp [22] Rodriguez IA, Garcia DB, Racines DS, Achig PZ, Campo RD, Ciapponi A, et
& ORF-1b-nsp14-based real-time RT-PCR assays for confirmation of SARS- al. False-negative results of initial RT-PCR assays for COVID-19: A systematic
CoV-2 infection: An observational study. Indian J Med Res. 2020;151(5):483-85. review. PLoS ONE. 2020;15(12):e0242958.

PARTICULARS OF CONTRIBUTORS:

Senior Resident, Department of Microbiology, ABVIMS and Dr. RML Hospital, New Delhi, India.
Professor, Department of Microbiology, ABVIMS and Dr. RML Hospital, New Delhi, India.

Senior Consultant, Department of Microbiology, ABVIMS and Dr. RML Hospital, New Delhi, India.
Medical Officer, Department of Microbiology, ABVIMS and Dr. RML Hospital, New Delhi, India.
Assistant Professor, Department of Microbiology, ABVIMS and Dr. RML Hospital, New Delhi, India.
Assistant Professor, Department of Microbiology, ABVIMS and Dr. RML Hospital, New Delhi, India.
Postgraduate Resident, Department of Microbiology, ABVIMS and Dr. RML Hospital, New Delhi, India.
Head, Department of Microbiology, ABVIMS and Dr. RML Hospital, New Delhi, India.

ONO OGP N

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR: PLAGIARISM CHECKING METHODS: anHetal] ETYMOLOGY: Author Origin
Dr. Anuradha Shulania, e Plagiarism X-checker: Jun 03, 2021

Room No. 301, 3 Floor, OPD Building, Department of Microbiology, ABVIMS and ® Manual Googling: Sep 15, 2021

Dr. RML Hospital, New Delhi, India. e iThenticate Software: Oct 14, 2021 (17%)

E-mail: dranuradha.pgirml@gmail.com

AUTHOR DECLARATION:

¢ Financial or Other Competing Interests: None Date of Submission: Jun 02, 2021
* Was Ethics Committee Approval obtained for this study? Yes Date of Peer Review: Jul 20, 2021
* Was informed consent obtained from the subjects involved in the study? No Date of Acceptance: Sep 16, 2021
e For any images presented appropriate consent has been obtained from the subjects. No Date of Publishing: Nov 01, 2021

Journal of Clinical and Diagnostic Research. 2021 Nov, Vol-15(11): DC25-DC28


http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

