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ABSTRACT

The present work validated and evaluated a duplex real-time RT-PCR using specific primers and probes 
for genes RdRp from SARS-CoV-2 and GAPDH from humans; the latter was used as an endogenous 
control in all reactions. We evaluated the specificity, the sensitivity, the robustness, the reproducibility, 
the repeatability, the comparability, and the limit of detection. The predictive positive and negative va-
lues (PPV and PNV, respectively) and all the parameters evaluated using our duplex real-time RT-PCR 
was 100%. The detection limit was 100 copies/µL according to the acceptance criteria established for the 
validation of this protocol. Our duplex real-time RT-PCR demonstrated to be a good alternative for the 
diagnosis of COVID-19; in addition, this PCR was used adequately in suspicion of COVID-19, allowing 
it to control the number of false-negatives.

Keywords: RT-PCR SARS-CoV-2 testing; SARS-CoV-2; Molecular Diagnosis; COVID-19 (source: 
MeSH NLM).

INTRODUCTION

In December 2019, China reported the presence of several cases of atypical pneumonia in 
the city of Wuhan (1) resulting in death within a few days. The etiologic agent was identified 
as a new coronavirus that was named SARS-CoV-2 and the disease was named COVID-19 
(Coronavirus Disease 2019). By January 2020, despite containment measures taken by the 
Chinese government, more cases were reported in bordering countries and in Europe. The 
increase in COVID-19 cases was so rapid that the World Health Organization (WHO) 
declared the disease a pandemic and urged countries to adopt control measures to prevent 
its spread (2). By the end of February 2020, the disease had already reached the Americas. In 
early March 2020, the first case of COVID-19 was reported in Peru, and the following week 
the government adopted control measures by closing the borders and declaring a nationwide 
quarantine.

One of the essential strategies to control the disease is the rapid identification of the 
SARS-CoV-2 virus. Molecular testing in Peru was implemented by the National Respiratory 
Virus Reference Laboratory of the National Institute of Health (LRNVR-INS) following 
recommendations of the Pan American Health Organization (PAHO) and WHO. These 
recommendations, for molecular diagnosis, were based on the protocol of Corman et al (3). 
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Motivation for the study: Peru was one of the countries most 
affected by the COVID-19 pandemic, with a large number of 
cases and deaths.

Main findings: This standardized test is a good alternative 
for the diagnosis of COVID-19; in addition, the test was 
successfully applied in people suspected of having COVID-19, 
allowing to control the number of false negatives.

Implications: Early and successful diagnosis of COVID-19 
will help to implement control measures to reduce the speed 
of SARS-CoV-2 virus transmission in Peru.

KEY MESSAGES

GENE
Primers 

and 
probes

5’->3’ sequence
Concen-

tration by 
reaction

Volume 
by reac-

tion

RdRP

RdRp_F GTGARATGGTCATGTGTG-
GCGG 0.4 µM 0.8 µL

RdRp_P2 FAM-CAGGTGGAACCTCAT-
CAGGAGATGC-BBQ 0.4 µM 0.8 µL

RdRp_R CARATGTTAAASACACTAT-
TAGCATA 0.2 µM 0.4 µL

GAPDH

 GAPDH_F GTGAAGGTCGGAGTCAACGG 0.4 µM 0.8 µL

GAPDH_R TCAATGAAGGGGTCATT-
GATGG 0.4 µM 0.8 µL

GAPDH_P ROX - CGCCTGGTCACCAGG-
GCTGC- BHQ2 0.2 µM 0.4 µL

Table 1. Sequence of primers and probes of the duplex RT-qPCR..

This protocol describes the use of primers and probes for 
the detection of the E and RdRP genes using the real-time 
RT-PCR technique in two stages: first the amplification of 
the E gene and the positive samples would be confirmed in 
a second reaction amplifying the RdRP gene. In order to 
improve the detection system to make it faster and simpler 
without losing sensitivity and specificity, it was proposed 
to standardize a real-time RT-PCR protocol in duplex 
format. The present study aimed to validate and evaluate a 
duplex real-time RT-PCR, which consists of simultaneous 
amplification (in a single tube) of the diagnostic marker 
RdRP and an endogenous internal control human GAPDH. 
In addition, the evaluation of its usefulness in the detection 
of SARS-CoV-2 virus in clinical samples is presented.

THE STUDY

A study was conducted to validate and evaluate a diagnostic test.

Biological samples
The samples used in this study are nasal and pharyngeal swab 
(nasal swab and pharyngeal swab (HNF) obtained from 
the LRNVR-INS virotheque, obtained from symptomatic 
patients suspected of having COVID-19 in the period from 
March 2020 to June 2021.

Assay development
Viral RNA was purified using the QIAamp viral RNA Mini kit 
(QIAGEN, Hilden, Germany) following the manufacturer’s 
instructions. The real time duplex RT-PCR assay was 
performed using the reported primers and probes (Table 
1). The final reaction volume was 20 µL, this contained Mix 
QPCR Probe 4x (BiotechRabbit), RTase enzyme, PCR water, 
primers (RdRP_F, RdRP_R, GAPDH_F and GAPDH_R) 
and probes (RdRp_P2, GAPDH_P). Reaction tubes were 
placed in a RotorGene Q real-time thermal cycler (QIAGEN, 
Germany) and cycling was used at 50 °C for 10 minutes for 
reverse transcription, 95 °C for 3 minutes initial denaturation 
followed by 45 cycles of 95 °C for 10 seconds and 58 °C for 30 
seconds (with acquisition for FAM and ROX), ending with 
40 °C for 30 seconds. Positive results were defined with Ct 
(Cycle Threshold) values < 37 for the RdRP gene (FAM) and 
Ct < 40 for the GAPDH gene (ROX).

Assay validation
To evaluate the sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV) parameters 

of the duplex RT-qPCR assay, 55 positive cases diagnosed 
with the method recommended by PAHO (Corman et al.) (3) 

confirmed by sequencing and 50 negative cases were used. 
These samples were selected for convenience because it was 
a new disease and there were not enough samples confirmed 
by sequencing.

A positive control (quantified SARS-CoV-2 synthetic 
RNA) donated by PAHO was used to evaluate the detection 
limit of the assay. To evaluate the diagnostic specificity, 
clinical samples of FNH positive for influenza A (n=3), 
influenza B (n=3), respiratory syncytial virus (n=3), 
adenovirus (n=3), metapneumovirus (n=3), rhinovirus 
(n=3), dengue virus (n=2) and Streptococcus pneumoniae 
(n=2) were used; These samples came from the LRNVR-INS 
virotek.
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Table 2. Determination of sensibilidad, especificidad, valor predictivo 
positivo y valor predictivo negativo. 

Sensitivity: 100% 
Specificity: 100%
Positive predictive value: 100% 
Negative predictive value: 100%

Duplex real time RT-PCR
Reference test 

(Corman et al.) Total
Positive Negative

Positive 55 0 55
Negative 0 50 50
Total 55 50 105

Repeatability was evaluated with four SARS-CoV-2 
positive samples for five days, maintaining the same 
conditions: analyst, environment, sample and equipment. 
Reproducibility was evaluated with 10 samples (5 positive 
and 5 negative) by 2 analysts. Robustness was evaluated 
with 4 SARS-CoV-2 positive samples using 3 different 
concentrations (0.6 µM, 0.4 µM and 0.2 µM) of the primers 
and probes. Comparability was evaluated with 10 samples 
(5 SARS-CoV-2 positive and 5 negative samples) in two 
different thermal cyclers. The Ct values obtained were used 
to obtain the mean, standard deviation and coefficient of 
variation. The limit of detection was evaluated by performing 
serial dilutions from 10-1 to 10-7 in triplicate by determining 
the value of the efficiency coefficient for the RdRP gene, a 
parameter calculated by RotorGene software (QIAGEN).

Evaluation of clinical samples
These samples were collected between March 17 and 27, 
2020 and were sent to the LRNVR-INS for diagnostic 
confirmation in the framework of the laboratory surveillance 
of respiratory infections in Peru.

To evaluate whether the test detected variants of concern 
(VOC) or variants of interest (VOI), 31 samples collected 
between April and August 2021 and referred to LRNVR-INS 
for diagnostic confirmation and previously characterized 
by Next Generation Sequencing (NGS) whole genome 
sequencing were evaluated: 10 samples of Lambda (C.37 ), 
4 from Gamma (P.1), 4 from Alpha (B.1.1.7), 2 from Epsilon 
(B.1.429), 8 from Delta (AY.12), and 3 from Mu (B.1.621).

Bioinformatic evaluation
To evaluate the conservation of RdRP marker primer and 
probe binding sites, an alignment of 5600 whole genome 
sequences of Peruvian SARS-CoV-2 isolates collected 
between March 2020 and June 2021 (downloaded from the 
GISAID database [https://www.gisaid.org/]) was performed 
using MAFFT software version 7 (https://mafft.cbrc.jp/
alignment/server/). This alignment was visualized using 
SnapGene Viewer software version 5.3.2 (https://www.
snapgene.com/snapgene-viewer/).

Statistical analysis
Comparison of Ct values was performed using the Stata 
program version 16 (Stata Corporation, College Station, 
Texas, USA). The kappa index was calculated using the 
Statistical Package for the Social Sciences (SPSS) program. 

The degree of concordance between duplex RT-qPCR and 
real-time RT-PCR test results was determined according to 
Cormann et al. (3). In addition, sensitivity, specificity, NPV 
and NPV were calculated; and the coefficient less than 1% 
(close to 0) was considered to indicate the existence of little 
variability in the data. The measures were obtained through 
point estimators and 95% confidence intervals (95%CI).

Ethical criteria
Standardization and laboratory validation did not require 
evaluation by the Institutional Research Ethics Committee 
(CIEI), since the samples used were obtained in routine 
activities established within the Action Plan of the National 
Institute of Health for the prevention, diagnosis and control 
of COVID-19, approved with RJ-103-2020-J-OP- INS-2020.

FINDINGS

The duplex RT-qPCR assay for the detection of SARS-CoV-2 
virus presented results of 100% sensitivity, 100% specificity, 
100% PPV and 100% NPV (Table 2), 100% diagnostic 
specificity (supplementary material, Table S4), 100% 
concordance in repeatability parameters (CV=0.00975, 
SD=0.232), reproducibility (CV=0, 638, SD=0.126), 
robustness (CV=0.00575, SD=0.141) and comparability 
(CV=0.52, SD=0.124) (supplementary material, table S5-
S8), with a detection limit of 100 copies/µL (Figure 1) 
(supplementary material, table S9) and an efficiency of 93%, 
a kappa index value of 1 was obtained compared to the 
method of Corman et al. according to the qualitative results. 
The Ct values obtained for the specific marker RdRP were 
not affected when used in the duplex format (supplementary 
material, Table S1).

This test has been used to evaluate 3006 clinical samples 
obtaining a positivity of 9.2%, the samples belong to all 
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Figure 1. Fluorescence curves obtained during the evaluation of the limit of the duplex real-time RT-PCR test for the detection of 
SARS-CoV-2.
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age groups and all regions of the country (Supplementary 
material, table S3).

Additionally, this test detects VOC Delta and Gamma, 
and VOI Mu, Epsilon and Lambda reported during 2021 
(Supplementary material, table S10). The bioinformatics 
analysis performed on 5600 genomes of Peruvian SARS-
CoV-2 isolates reported in GISAID indicated that the 
primer and probe binding sites are conserved, except for the 
first forward of the RdRP gene which presents a nucleotide 
change at 2.9% of the genomes analyzed (Figure 2).

DISCUSSION

This study standardized and validated a duplex real-time 
RT-PCR assay using specific primers and probes for the 
RdRP gene of SARS-CoV-2, and for the human GAPDH 
gene as an endogenous control. The GAPDH gene, which 
produces a constitutive protein involved in many cellular 
functions such as glycolysis, nuclear RNA export, DNA 
replication and repair, and apoptosis (4); this same gene was 
described by Wong et al. (5) as a good internal endogenous 
control to decrease the possibility of obtaining false-negative 
results in the diagnosis of SARS-CoV-1. This strategy made 
it possible to ensure (in a single real-time PCR reaction) the 
quality of the sample and of the RNA extraction process. The 
use of internal endogenous control has been recommended 
by PAHO (6), and is used in different methodologies by the 
LRN- VR-INS, as in the diagnosis of influenza virus (7).

The validation parameters obtained were 100% in 
specificity, sensitivity and PPV and NPV when compared 
with the method reported by Corman et al. (4); additionally, 

these samples were characterized by whole genome 
sequencing. The same achievement was obtained for other 
laboratory validation parameters such as robustness, 
repeatability and reproducibility. The validation parameters 
were selected and established based on the experience of 
the LRNVR-INS research team and according to standards 
suggested by the WHO, described by Kosak et al. (8).

Given that WHO has suggested that the diagnosis 
of COVID-19 should be performed considering the 
amplification of at least two SARS-CoV-2 genes in two 
consecutive RT-PCR reactions, this strategy would not be 
widely feasible to implement in developing countries such as 
Latin America. Other researchers have described protocols 
or protocol adaptations such as Ishige et al. (9), who included 
the abl1 gene as an endogenous internal control in SARS-
CoV-2 identification reactions. However, this gene produces 
a tyrosine kinase present in large quantities in the human 
cell, with the risk of reducing the analytical sensitivity of 
the test. On the other hand, Pezzi and his team (10) indicated 
that the MS2 gene (for the expression of the enzyme 
methionine synthetase 2) could be used as an endogenous 
control together with the RdRp marker reported by Corman 
et al. (3) reducing false negatives, presenting results similar 
to those obtained in this study, without problems with the 
performance of the reactions.

In Brazil, a group of researchers from the University 
of São Paulo (11) developed a protocol based on other more 
economical detection methods using conventional RT-PCR. 
These methods are not as specific as those using probes; 
however, they could be an alternative applicable in cases of 
health emergency and reagent supply crisis.

https://doi.org/10.17843/rpmesp.2021.384.7596


Rojas-Serrano N et al.Rev Peru Med Exp Salud Publica. 2021;38(4):595-600. 

https://doi.org/10.17843/rpmesp.2021.384.7596 599

Figure 2. Conservation of RdRP gene primers and probes against SARS-CoV-2 genomes reported in Peru.
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been successfully evaluated with clinical samples.
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