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Due to the rapid spread and increasing number of coronavi-
rus disease 19 (COVID-19) cases caused by Severe Acute 
Respiratory Syndrome coronavirus 2 (SARS-CoV-2), 
simple, rapid, sensitive, and specific technique is neces-
sary for routine detection of virus in laboratories and early 
diagnosis of COVID-19 is vital to prevent and control of 
this pandemic [1]. The detection of viral nucleic acid is the 
standard way for the noninvasive diagnosis of COVID-19. 
There are several molecular techniques for the detection 
of SARS-CoV-2 based on viral nucleic acid in respiratory 
samples [2]. Real-time RT-PCR on nasopharyngeal and 
oropharyngeal swabs is considered as the “gold standard” 
for confirming the diagnosis in clinical cases of COVID-
19, which entails one or several primer–probe sets for tar-
geting SARS-CoV-2 sequences [3]. The primer–probe sets 
target the different regions of SARS-CoV-2 including; orf1 
(a, b), envelope (E), nucleocapsid (N), spike (S), and RNA-
dependent RNA polymerase (RdRp) sequences as the target 
of the RT-PCR, showing that each of the genes has different 
sensitivity and specificity, and they can be used for detection 

and confirming of SARS-CoV-2 worldwide [4]. In early 
response and detection of the SARS-COV-2 (COVID-19) 
outbreak, the cause of the recent quickly spreading respira-
tory tract infection, the World Health Organization (WHO) 
recommended an RT-PCR first-line screening test based on 
an E-gene assay, followed by a confirmatory assay using the 
RdRp gene, since RT-PCR assays targeting the RdRp assay 
had the highest analytical sensitivity [5]. Furthermore, it was 
demonstrated that the use of two primer–probe sets target-
ing the nucleocapsid gene (N1 and N2) as suggested by the 
Centers of Disease Control and Prevention (CDC), will help 
to facilitate sensitive and specific detection of SARS-CoV-2 
in the future [6]. Most studies used at least two primer–probe 
sets such as N and RdRp or N1 and N2 for the detection of 
COVID-19 infections [7–9]. Regarding the fact that primer-
probes sets are considered as a critical factor for accurate 
detection of SARS-CoV-2 in clinical samples, choosing the 
best target gene in commercial RT-PCR methods appears to 
be necessary. In this brief report, we analyzed amplification 
curves of the two target genes and highlighted the pitfalls 
of these targets. Additionally, we compared the sensitivity 
and specificity of these genes for the detection of COVID-
19 infections.

In this study, 114 respiratory specimens (nasopharyn-
geal and oropharyngeal swabs) collected from symptomatic 
patients admitted to various medical centers were imme-
diately placed into sterile tubes containing 3 mL of viral 
transport media (VTM). The medium constitutes Hank’s bal-
anced salt solution at pH 7.4 containing BSA (1%), ampho-
tericin (15 μg/mL), penicillin G (100 units/mL), and strep-
tomycin (50 μg/mL). Samples (3 ml) were kept at 4–8 °C for 
short-term storage and at − 70 °C for the long term.

Viral RNA was extracted from 300 µL of nasopharyn-
geal and oropharyngeal swabs of suspected COVID-19 
patients using an RNA extraction kit (Gene All Biotechnol-
ogy, Seoul, South Korea), and eluted in 50 µL of nuclease-
free water. RNA extracts were stored at − 70 °C for fur-
ther analyses. For detection of SARS-CoV-2, RT-qPCR 
primer–probe sets designed on RdRp and N genes that were 
introduced by World Health Organization (WHO) were used. 
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For all samples, RT-qPCR was performed for N and RdRp 
genes using the one-step RT-qPCR kit (Sansure Biotech, 
Changsha/Hunan, China), according to the manufacturer’s 
instructions. Additionally, the RNase P gene was used as an 
internal control for monitoring the validity of sample collec-
tion, and RT-qPCR process to avoid false-negative results. 
Thermal cycle conditions were as follows: 30 min at 50 °C 
for reverse transcription, 1 min at 95 °C for PCR initiation 
activation, and 45 cycles of 95 °C at 15 s and 30 s at 60 °C. 
The primer–probe set sequences (Table 1) and their position 
on the SARS-COV-2 genome for N and RdRp segments are 
shown in Fig. 1.

Patients were only evaluated by gender, not further char-
acteristics, and by their Ct values no correlation with age 
is given, and Ct values for N- and RdRp gene amplifica-
tion number, as shown in the supplementary Table. Of the 
114 patients, 64 (56.14%) and 50 (43.86%) were female and 
male, respectively. According to the Chi-square test and 
P value (P = 0.8), no significant difference was observed 
between gender and test results. The results of the ampli-
fication plot for each clinical sample showed (the amplifi-
cation plots are shown as supplementary figure) that there 
was a significant positive signal of Ct values finishing the 
SARS-CoV-2N- and RdRp-gene RT-PCR amplification. To 

Table 1  Primer–probe set sequences

No. Gene Primer (5′–3′) Probe (5′–3′) References

1 N F:GAC CCC AAA ATC AGC GAA AT FAM-ACC CCG CAT TAC GTT TGG TGG ACC -BBQ [5]
R: TCT GGT TAC TGC CAG TTG AAT CTG 

2 RdRP F: GTG ARA TGG TCA TGT GTG GCGG FAM-CAG GTG GAA CCT CAT CAG GAG ATG C-BBQ
R: CAR ATG TTAAASACA CTA TTA GCA TA

3 RNAase P F: AGA TTT GGA CCT GCG AGC G FAM-TTC TGA CCT GAA GGC TCT GCGCG-BBQ
R: GAG CGG CTG TCT CCA CAA GT

Fig. 1  SARS-CoV-2 virion, and targets of primer sets. A The structure of SARS-CoV-2 and protein positions and names. B Location of target 
genes and the primer and probe positions sets in the SARS-CoV-2 genome. The numbers in the gene presentation are based on nucleotides
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estimate amplification efficiency by ROC curve (Receiver 
Operating Characteristic), Ct values were analyzed at the 
end of the RT-PCR program. Results from triplicate anal-
yses were and the mean was plotted as Ct value (Fig. 2). 
The results of the area under the ROC curve showed that 
the N Ct value (value = 0.980), was more specific in the 
detection of SARS-CoV-2 compared to the RdRp Ct value 
(value = 0.647) (Fig. 3). 

Real-time RT-PCR as “gold standard” and nucleic 
acid detection-based technique is considered in the global 
response to the COVID-19 pandemic for detection of viral 
RNAs in clinical samples such as sputum, nasal swab, and 

throat swab [10]. Along with the rapidly increasing num-
ber of COVID-19 cases, sensitive, and specific detection 
of virus in infected patients has been key in controlling the 
outbreak. It has been well known that results from real-time 
RT-PCR can be affected by several parameters including the 
(1) primer/probe set, (2) sample quantity or viral load, (3) 
quality and type of sample such as the anatomic site testing 
(mouth, nasopharynx or BAL (broncho-alveolar lavage)), 
time of sampling [11]. Primer and probe set is the most 
common cause of false-negative results in real-time PCR-
based protocols. In this regard, multiple amplification sets 
are the most widely used for the detection of SARS-CoV-2, 

Fig. 2  Comparative analysis of Ct values for N- and RdRp primer–
probe sets from clinical samples. A N- and RdRp-genes Ct value anal-
ysis of SARS-CoV-2 detection in the clinical samples showed that the 
N-gene according to the Ct value appearance is one of the favorable 

targets for amplification. B The sex group analysis of SARS-CoV-2 
positive cases revealed that no significant difference was observed 
between gender and Ct value distribution

Fig. 3  ROC curves for RdRp- 
and N-genes Ct value. The area 
under ROC curve (AUC) is 
used here as a measure of the 
sensitivity and specificity, that 
revealed a greater area for the 
N-gene Ct values compared to 
RdRp-gene Ct values
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to avoid false-negative results [12]. Several types of primer 
and probe sets have been optimized and designed rapidly, but 
with different sensitivity and specificity. An important issue 
with the primer–probe set is the lack of suitable analytical 
sensitivity and specificity, and PCR amplification efficiency. 
The N gene (nucleocapsid) is one of the best and most accu-
rate targets for detecting, tracking, and first-line screening of 
the SARS-CoV-2, based on the WHO and CDC guidelines, 
commercial kits, and scientific evaluations [13].

The present report demonstrates that the N primer and 
probe set has a higher specificity compared to the RdRp 
primer and probe set, and also the superior method for 
identifying new cases of SARS-CoV-2 in clinical sam-
ples, based on the real-time PCR Ct value. Optimization 
of RT-qPCR methods that are using one primer–probe set 
can reduce diagnostic costs. Additionally, in the multiplex-
qPCR method for simultaneous detection and differentia-
tion of SARS-CoV-2 and other respiratory viruses, there are 
limitations associated with the number of used primer–probe 
sets. Hence, we have to use one primer–probe set for SARS-
CoV-2 detection. Taken together, selecting primer–probe 
sets for two viral genes that yield acceptable real-time PCR 
Ct values is increasingly vital in simplex and multiplex RT-
qPCR protocols. The limitation of the present study was 
no investigation on the sensitivity and PCR amplification 
efficiency of the RdRp and N primer–probe sets, by testing 
for example tenfold dilutions of the synthetic SARS-CoV-2 
diagnostic RNA. Furthermore, analytical factors includ-
ing, sensitivity, specificity, PCR amplification efficiency, and 
Ct value affected the choice of primer–probe sets, the latter 
of which was analyzed in the present study [13].

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s15010- 021- 01674-x.
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