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A B S T R A C T   

Real-time reverse transcription-polymerase chain reaction (RT-qPCR) is considered the "gold standard" for the 
direct diagnosis of SARS-CoV-2 infections. However, routine diagnosis by RT-qPCR is a limitation for many 
laboratories, mainly due to the infrastructure and/or disproportionate relationship between demand and supply 
of inputs. In this context, and to increase the diagnostic coverage of SARS-CoV-2 infections, we describe an 
alternative, sensitive and specific one-step end-point RT-PCR for the detection of the SARS-CoV-2 E gene. The 
performance of the RT-PCR was evaluated in 43 clinical samples, of which 10 and 33 were previously identified 
as negative and positive, respectively, by RT-qPCR. Among the positive samples, 15 and 18 were from asymp
tomatic and symptomatic individuals, respectively. Here, 32/33 of the positive samples in the RT-qPCR, 
including from asymptomatic individuals, were found positive in the RT-PCR (Ct 15.94–34.92). The analytical 
sensitivity of the assay was about 7.15–9 copies of vRNA/μL, and nonspecific amplifications were not observed in 
SARS-CoV-2 negative samples. Importantly, the RT-PCR reactions were performed in a 10 μL final volume. 
Finally, considering specificity, analytical sensitivity and cost reduction, we believe that the RT-PCR platform 
described here may be a viable option for the diagnostic of SARS-CoV-2 infections in laboratories in which RT- 
qPCR is not available.   

In November/December 2019, a new human coronavirus, Severe 
acute respiratory syndrome-related coronavirus 2 (SARS-CoV-2), family 
Coronaviridae and genus Betacoronavirus, emerged in Hubei province, 
mainland China, and has been responsible for the coronavirus disease 
currently named COVID-19 (Zhu et al., 2020; Huang et al., 2020; ICTV, 
2020). As of July 26, 2020, SARS-CoV-2 infections have been described 
in 235 countries/regions, totaling 39,442,444 cases and 1,106,181 
deaths, numbers that increase daily (WHO, 2020a). 

Among the diagnostic alternatives for COVID-19, gene amplification 
by real-time reverse transcription-polymerase chain reaction (RT-qPCR) 
remains the “gold standard” for direct diagnosis. Many in-house and 
commercial RT-qPCR, using several and/or combined viral genes, have 
been proposed for molecular detection of SARS-CoV-2 (WHO, 2020b). 
The Charité protocol, one of the first protocols established for COVID-19 

diagnosis, employs the envelope (E) and RNA dependent RNA poly
merase (RdRp) genes as targets for detection of SARS-CoV-2 in clinical 
samples (Corman et al., 2020). However, it is also possible/reliable to 
diagnose COVID-19 by detecting a single genetic target. Regarding the 
Charité protocol, as the detection of the E gene has demonstrated a 
slightly higher sensitivity, the Pan American Health Organization 
(PAHO) has recommend prioritizing the E gene as the selected target for 
molecular COVID-19 diagnosis (PAHO, 2020). 

Unfortunately, routine diagnosis by RT-qPCR is still a limitation for 
many laboratories, especially in developing countries and regions. The 
current demand for inputs, material and equipment, associated with the 
few supplier companies, represents an additional (and real) obstacle for 
the timely diagnosis of SARS-CoV-2 infections. In this context, and in 
order to increase the diagnostic coverage of COVID-19, we describe a 
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sensitive and specific protocol for the detection of the SARS-CoV-2 E 
gene through one-step end-point RT-PCR (conventional RT-PCR); a po
tential alternative for situations in which RT-qPCR is not possible and/or 
available. 

Initially, we evaluated the analytical sensitivity of the end-point RT- 
PCR for SARS-CoV-2 detection. The Brazilian isolate (SARS-CoV-2/ 
SP02/human/2020/BRA, GenBank MT126808.1), previously inacti
vated, containing about 270,000 copies of viral RNA (vRNA)/μL, was 
kindly provided by Dr. Edison Durigon (Universidade de São Paulo, USP) 
and used as positive control throughout the study. The vRNA was 
extracted in the IndiMag48 automatic system (Indical Bioscience, 
Sachsen, Germany) and eluted in 100 μL of AVE buffer (Indical Biosci
ence, Sachsen, Germany). The eluate was then diluted [10-1 to 10-6, at 
the 0.1 dilution factor, i.e. 10-1.1, 10-1.2 (…) 10-6] and all dilutions were 
submitted to RT-PCR targeting the SARS-CoV-2 E gene. 

The RT-PCR was performed with the SuperScript™ III One-Step RT- 
PCR System with Platinum™ Taq High Fidelity DNA Polymerase (Invi
trogen, Carlsbad, California, USA) in a final volume of 10 μL: 5 μL of 2X 
reaction mix, 0.4 μL of SuperScript® III RT/Platinum® Taq High Fi
delity Enzyme mix, 0.2 μL of primer E_Sarbeco_F1 (5′-ACAGGTACGT
TAATAGTTAATAGCGT-3′) (10 μM), 0.2 μL of primer E_Sarbeco_R2 (5′- 
ATATTGCAGCAGTACGCACACA-3′) (10 μM) (Corman et al., 2020) and 
4.2 μL of template. The amplification conditions were: 30 min at 55 ◦C 
and 2 min at 94 ◦C for cDNA synthesis and pre-denaturation, respec
tively, followed by PCR amplification in 40 cycles of 94 ◦C for 15 s for 
denaturation, 52 ◦C for 30 s for annealing, 68 ◦C for 10 s for extension, 
followed by a final extension at 68 ◦C for 5 min. The total volume of the 
PCR reaction (10 μL) was stained with GelRed (Biotium, Fremont, Cal
ifornia, USA) and visualized under UV light on a 2% agarose gel. The 
analytical sensitivity was defined as the lowest concentration (highest 
dilution) in which it was possible to observe specific amplification. 

The performance of the RT-PCR described above was evaluated in a 
combination of two nasopharyngeal and one oropharyngeal swab sam
ples, according to recommendations of the Ministry of Health of Brazil 
(BRASIL, 2020), with genetic material extracted in the IndiMag48 
automatic system (Indical Bioscience, Sachsen, Germany). We analyzed 
a total of 43 samples, of which 10 and 33 were previously identified as 
negative and positive, respectively, by the Hospital Universitário de Santa 
Maria (HUSM) (Rio Grande do Sul state, Brazil) by RT-qPCR targeting 
the SARS-CoV-2 E gene (Corman et al., 2020). Out of the 33 positive 

samples, 15 were from asymptomatic individuals and 18 from symp
tomatic patients (Table 1). Samples from asymptomatic individuals had 
cycle threshold (Ct) values between 18.93 and 34.92, and those from 
symptomatic patients showed Ct of 15.94–36.92 (Table 1). The Cts for 
all samples are available as Supplementary Data. The samples amplified 
by end-point RT-PCR were purified with the PureLink PCR Purification 
Kit (Invitrogen, Carlsbad, California, USA) and their identity was eval
uated by gene sequencing, using BigDye Terminator v3.1 Cycle 
Sequencing Kit (Thermo Fischer, Massachusetts, USA). 

Here, the RT-PCR was able to specifically amplify the target region of 
the SARS-CoV-2 E gene. The 113bp amplicon, corresponding to the 
annealing region of the primers E_Sarbeco_F1 and E_Sarbeco_R2, pre
cisely the 26,141− 26,253 nt, was clearly observed in the positive con
trol until 7.15–9 copies of vRNA/μL (i.e. 71.5–90 copies of vRNA) 
(Fig. 1A). Although this sensitivity is lower than that of the described 
RT-qPCR (Corman et al., 2020; Peihua et al., 2020; WHO, 2020b), 32/33 
of the positive samples in the RT-qPCR were found positive in the 
RT-PCR (Ct 15.94–34.92). The identity of the amplicons was confirmed 
by genetic sequencing. 

In detail, end-point RT-PCR detected 15/15 of samples from 
asymptomatic individuals (Ct 18.93–34.92) and 17/18 from symptom
atic patients (Ct 15.94–34.91) (Table 1). The RT-qPCR positive sample 
not detected in RT-PCR came from a symptomatic patient and showed Ct 
of 36.92. Nonspecific amplifications were not observed in SARS-CoV-2 
negative samples (Fig. 1B). 

False-negative results have been an important concern in the RT- 
qPCR for SARS-CoV-2, so that several targets/primers and sample 
types have been evaluated to increase the sensitivity (Corman et al., 
2020; Peihua et al., 2020; Tahamtan and Ardebili, 2020; Wang et al., 
2020; WHO, 2020b; Woloshin et al., 2020). However, considering the 
sensitivity of these assays, it is likely that false-negative results are more 
related to other factors than the characteristics of the assays per se. For 
example, previous studies have reported that the SARS-CoV-2 viral load 
(or the so-called RNAemia) may vary over time and thus strongly in
fluence the diagnosis (Zhang et al., 2020; Zheng et al., 2020; Zou et al., 
2020). Failures related to the pre-analytical phase, such as sample 
collection, transport and/or storage, as well as aspects of the host and 
the theoretical possibility of viral mutation, may also negatively influ
ence the diagnosis of COVID-19 (Tahamtan and Ardebili, 2020; Xiao 
et al., 2020). 

Table 1 
Positive samples by RT-qPCR and RT-PCR tests.   

RT-qPCR RT-PCR 

Asymptomatic (n = 15) Symptomatic (n = 18) Asymptomatic (n = 15) Symptomatic (n = 17) 

Ct (range) 18.93− 34.92 15.94− 36.92 18.93− 34.92 15.94− 34.91  

Fig. 1. End-point RT PCR for SARS-CoV-2 E gene. A) M: Ladder 100bp marker (Ludwig Biotec, Rio Grande do Sul, Brazil); 1: negative control (water); 2-7 positive 
control at 10− 4 (11.34 vRNA/μL), 10-4.1 (9 vRNA/μL), 10-4.2 (7.15 vRNA/μL), 10-4.3 (5.68 vRNA/μL), 10-5 (1.13 vRNA/μL) and 10-6 (0.11 vRNA/μL), respectively. B) 
M: Ladder 100bp marker (Ludwig Biotec, Rio Grande do Sul, Brazil); 1: negative sample; 2: positive sample (Ct 34.92). *Interval considered to define the end-point 
RT-PCR analytical sensitivity. 
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It is possible that the factors described above may also influence the 
end-point amplification, which still presented lower sensitivity than the 
RT-qPCR. However, we do not believe that the sensitivity represents a 
real limitation for the implementation of a RT-PCR platform for detec
tion of SARS-CoV-2 infection. Individuals with COVID-19 often have a 
high viral load, which is why the European Centre for Disease Preven
tion and Control (ECDC) recommends that samples with Ct >35 be 
retested so that the possibility of contamination is ruled out (ECDC, 
2020). A minimum concentration of about 10 copies of vRNA/μL has 
also been reported in respiratory samples from individuals with mild or 
severe COVID-19 (Pan et al., 2020; Zheng et al., 2020). In this context, 
our RT-PCR showed a considerable and useful sensitivity-specificity, 
detecting samples with Ct 34.92, including samples from asymptom
atic individuals, and not amplifying nonspecific sequences, which could 
require additional steps of analysis, such as gene purification and 
sequencing (Fig. 1, Table 1). Importantly, the RT-PCR was performed in 
a 10 μL final volume. This, in addition to not using specific inputs for 
RT-qPCR, can significantly reduce the cost of the assay. 

Finally, when considering specificity, analytical sensitivity and cost, 
we believe that the RT-PCR platform described here may be a viable 
option for molecular detection of SARS-CoV-2 in laboratories in which 
RT-qPCR is not available and/or not possible for any reason. 
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