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Abstract

9,10 ,
1,11,13

In March 2020, WHO declared a pandemic state due to SARS-CoV-2 having spread. TagMan-based real-time RT-qPCR is
currently the gold standard for COVID-19 diagnosis. However, it is a high-cost assay, inaccessible for the majority of laboratories
around the world, making it difficult to diagnose on a large scale. The objective of this study was to standardize lower cost
molecular methods for SARS-CoV-2 identification. E gene primers previously determined for TagMan assays by Colman et al.
(2020) were adapted in SYBR Green assay and RT-PCR conventional. The cross-reactivity test was performed with 17 positive
samples for other respiratory viruses, and the sensibility test was performed with 8 dilutions (10 based) of SARS-CoV-2 isolated
and 63 SARS-CoV-2-positive samples. The SYBR Green assays and conventional RT-PCR have not shown amplification of the
17 respiratory samples positives for other viruses. The SYBR Green-based assay was able to detect all 8 dilutions of the isolate.
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The conventional PCR detected until 10 dilution, both assays detected the majority of the 63 samples, 98.42% of positivity in
SYBR Green, and 93% in conventional PCR. The average Ct variation between SYBR Green and TagMan was 1.92 and the
highest Ct detected by conventional PCR was 35.98. Both of the proposed assays are less sensitive than the current gold standard,
however, our data shows a low sensibility variation, suggesting that these methods could be used by laboratories as a lower cost

molecular method for SARS-CoV-2 diagnosis.

Keywords COVID-19 pandemic - Molecular diagnoses - Conventional PCR - SYBR Green assay - SARS-CoV-2

Introduction

In December 2019, an increase in the number of severe pneu-
monia cases was reported in China, more specifically in the
Hubei Province [1]. In January, the causative agent was iden-
tified as a new (3-coronavirus, the SARS-CoV-2. The progres-
sive number of cases and the fast dissemination to other coun-
tries led the World Health Organization (WHO) to officially
declare the COVID-19 epidemic as a public health emergency
of international concern. In March, WHO declared COVID-
19 a pandemic infection. According to WHO (last update: 2
May 2020), 215 countries or territories were affected with
238.628 deaths and more than 3.349.786 confirmed cases [2].

In Brazil, the first case of COVID-19 was confirmed on
February 26 in the State of Sdo Paulo, considered the epicenter
of the disease in the country [3]. Since then, the number of
confirmed cases has been growing, steadily reaching the highest
number of cases by day at the beginning of April, with around
1000 cases per day (Brazil, Ministry of Health, 2020 - https://
covid.saude.gov.br). Until May 2, 2020, the total number of
cases was 96.559 with 6.750 deaths (lethality rate of ~6.8%).
However, only severe cases were tested due to a lack of testing
reagents in the market and the number of cases can be far higher.

For this reason, the WHO advises that, in addition to isola-
tion, massive diagnostic testing must be implemented in affected
areas [4]. The SARS-CoV-2 testing capacity is a major issue
worldwide and the development of alternative tests is urgently
needed, particularly in developing countries where availability
of supplies or infrastructure to carry out the real-time PCR test is
limited. Thereby, the aim of this study was the standardization of
alternative molecular methods, with lower cost and easier avail-
ability of reagents, for the diagnosis of COVID-19. It was based
on the SYBR Green method and conventional PCR utilizing
primers described by Corman et al. [5].

Materials and methods
Sample collection
A total of 700 nasopharyngeal (NP)/oropharyngeal (OP)

swabs was collected from symptomatic patients and
asymptomatic/healthcare worker during SARS-CoV-2
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outbreak in the city of Sao Paulo, Brazil (from February 28
to April 28), and 184 (26.3%) were positive by qRT-PCR,
from which 63 positive samples were selected for the study.
The selection of the 63 nasopharyngeal (NP)/oropharyngeal
(OP) samples from 700 patients with suspected COVID-19
was carried out according to the Ct (cycle threshold) that were
split into three different groups according to the Ct: Group 1
was composed of 19 samples with Ct ranging from 15.00 to
20.99. Group 2 was composed of 27 samples with Ct ranging
from 21.00 to 29.99 and group 3 was composed of 17 samples
with Ct ranging from 30.00 to 38.99. All considered positive
by real-time PCR According to Corman et al. [5]. The samples
were collected in five hospitals in the Sdo Paulo City: (1)
University Hospital at Sdo Paulo University (HU-USP); (2)
Santa Casa da Misericordia Hospital (SCMH); (3) Hospital
Sdo Luiz Gonzaga (HSLG); (4) Infant Hospital Candido
Fontoura (IHCF); (5) Pediatric Hospital Menino Jesus
(PHMJ). The samples were divided into three different age
groups, with 8 samples under the age of 18 years (school
age), 52 samples were from patients aged 19 to 60 years (adult
age), and 3 samples were from patients over 60 years of age
(adult in the risk group). The study protocol was approved by
the Ethics Committee on Research with Human Beings at the
University of Sdo Paulo and all the procedures followed the
ethical guidelines for human experimentation (CAAE)
74683917.1.0000.5467.

RNA extraction and ¢cDNA obtention

The extraction of RNA from clinical samples was carried out
on the NucliSens easyMag® platform fully automated
(BioMerieux, Lyon, France) and all 63 samples selected in
this study also were extracted using guanidinium isothiocya-
nate phenol (Brazol, LGC Biotecnologia, Brazil), according to
the manufacturer’s instructions. We used as positive controls a
clinical isolated in Vero-E6 cell culture (SARS.COV-2/SP02/
human2020/Br, GenBank accession number MT126808.1)
and water with a negative control. For complementary DNA
(cDNA) synthesis, when necessary, we used the High-
Capacity cDNA Reverse Transcription kit (Applied
Biosystems, Weiterstadt, Germany) following the manufac-
turer’s instructions. Briefly, 10 puL of the extracted sample is
diluted in a mix of 3.2 uL of DEPC-treated water, 2 uL. of RT



Braz J Microbiol (2020) 51:1117-1123

1119

Buffer (x 10 concentrate), 2 uL of RT Random Primers (x 10
concentrate), 0.8 uL of ANTP mix (100 mM), 1 puL of RNase
inhibitor (20 U/uL), and 1 uL of Multiscribe™ Reverse
Transcriptase (50 U/uL). The reverse transcriptase reaction
carried in Veriti Thermal Cycler (Applied Biosystems) fol-
lowing the cycling: 25 °C for 10 min, 37 °C for 120 min,
and 85 °C for 5 min.

Cross reactivity among SARS-Cov-2 and other respi-
ratory viruses

All the steps of molecular biology diagnosis followed strict
procedures to prevent contamination, including redundant
negative controls and segregated environments for pre- and
post-amplification procedures. For evaluation of cross reac-
tions with other viruses, the genetic material of 15 respiratory
viruses: influenza A virus (Inf A), influenza B virus (Inf B),
seasonal coronaviruses (CoV-NL63, -229E, -HKUI, and -
0C43), enterovirus (EV), parainfluenza viruses (PIV-1, -2, -
3 and -4), human metapneumovirus (HMPV), rhinovirus
(RV), respiratory syncytial virus (RSV), and adenovirus
(AdV). The samples were tested using a panel of validated
in-house singleplex real-time RT-qPCR assays developed at
the Centers for Disease Control and Prevention (CDC,
Atlanta, GA, USA), for 15 respiratory viruses, according to
Sakthivel et al. [6] and for SARS-CoV-2 according to Corman
et al. [5] by real-time RT-qPCR by TagMan protocol.

SYBR Green-based in real time for SARS-Cov-2
diagnosis

The SYBR Green RT-qPCR assay (one step) was performed,
according to the manufacturer’s recommendations, with the
QuantiFast SYBR® Green RT-PCR kit (QIAGEN, Hilden,
Germany). Briefly, 8 pL of target RNA and 1 pL
[10pM/uL] from each primer (E-Sarbeco F1 and R2) [5] were
added to the 12.5 pL 2x Master Mix QuantiFast SYBR Green
RT-PCR, 0.25 puL of enzyme RT-Mix and Ultra-Pure Water
(Thermo Fisher Scientific, Waltham, MA, USA) to complete
25 uL of reaction. The reverse transcription reaction was per-
formed at 50 °C for 10 min, followed by 5-min denaturation at
95 °C, 40 cycles of 95 °C for 10 s, and 60 °C for 30 s. The
reaction was completed by determining the dissociation curve
of all amplicons generated in the ABI 7500 device (Applied
Biosystems, Weiterstadt, Germany). The SYBR Green gPCR
reactions (two steps) were carried out in a 20-uL final volume
containing 10 uL of 2X PowerUp SYBR Green PCR Master
Mix (Applied Biosystems, Weiterstadt, Germany), 2 pL of
each primer [10 pM/uL], 5 uL of cDNA, and 1 pL of Ultra-
Pure Water (Thermo Fisher Scientific, Waltham, MA, USA).
The thermal cycling conditions used were as follows: 50 °C
for 2 min, followed by 5 min denaturation at 95 °C, followed
by 40 cycles at 95 °C for 15 s, 58° for 15 s, and 72 °C for

1 min, and a dissociation curve was subsequently made. Both
reactions were performed using an ABI 7500 machine
(Applied Biosystems).

Conventional RT-PCR for SARS-CoV-2 diagnosis

Two conventional RT-PCR methods were tested, including
one-step RT-PCR and two-steps PCR. The one-step protocol
used the Pyromark OneStep RT-PCR kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s instruction.
Briefly, 5 puL of extracted material was diluted in a 20-uL
mix containing 5 pL of OneStep Buffer (x5 concentrate,
12.5 mM of MgCl2, Tris Cl, KCI, (NH4)2S04), 5 uL of Q-
Solution (x 5 concentrate), 1 uL of ANTP (2.5 mM of each
base), 10 uM of each primer (E-Sarbeco F1 and R2) [5], 1 uL
of Qiagen OneStep RT-PCR Enzyme Mix, and 6 pL Nuclease
Free Water totalizing 25 puL final volume. As an alternative
method, we also used the Kit PROBE One —Step RT-qPCR
(LGC Biotecnologia, Brazil), according to the manufacturer’s
instruction. The reactions were carried in Veriti Thermal
Cycler (Applied Biosystems) following the cycling: 50 °C
for 30 min, 95 °C for 15 min followed by 45 cycles of
94 °C for 30 s, 58 °C for 30 s, 72 °C for 30 s, and a final
extension of 72 °C for 10 min. The two-steps PCR reaction
were performed with Invitrogen Taq Platinum Polymerase kit,
where 5 puL of cDNA previously obtained was added to a
20-uL mix of 14.2 uL DEPC-treated water, 2.5 uL of PCR
Buffer (x 10 concentrate), 0.5 pL of MgCI2 [50 mM], 0.5 pL.
of ANTP (2.5 mM of each base), 10 uM of each primerg, and
1.5 U of Taq Platinum Polymerase for a final volume of
25 uL. The reaction occurred in Applied Biosystems 9700
Thermal Cycler in the following cycling: 95 °C for 2 min
followed by 35 cycles of 94 °C for 15 s, 58 °C for 15 s,
72 °C for 15 s, and a final extension of 72 °C for 7 min.
Amplified products from both methodologies were submitted
to electrophoresis in agarose gel diluted in TAE buffer (LGC
Biotechnologies) (x 0.5 concentrate) and stained with
ethidium bromide (Invitrogen) for observation of the expected
amplified fragment (113 base pairs).

Analytical sensitivity

The analytical sensitivity of the assays was determined with 8
serials 10-fold dilutions with an isolated sample of the SARS-
CoV-2. The SARS-CoV-2/SP02/human/2020/BRA
(GenBank accession number MT126808.1) strain is a clinical
isolated, propagated and titrated in Vero-E6 cells, from
Instituto Adolfo Lutz (ATCC), and stored in liquid nitrogen
in our laboratories as ICB—Cell-Culture-Collection. All 8 di-
luted samples were tested by gold standard TagMan RT-
gPCR and the resulting cycle threshold (Ct) values were com-
pared for the determination of viral titers. We also tested each
of the proposed assays with 63 SARS-CoV-2-positive
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samples previously tested by TagMan-based real-time RT-
qPCR in our laboratory. The obtained Ct was subsequently
compared with the results generated with SYBR Green-based
real-time qPCR. The limit of detection of SYBR Green RT-
PCR and conventional RT-PCR was determined using syn-
thetic RNA-positive controls provided by the University of
Charité (Germany) and serial dilutions of the virus isolate.

Results

For the present study, we evaluated the performance of two
molecular methods. As the first step, we determined the spec-
ificity of the tests and, as shown in Table 1, none of the 17
clinical samples positive for other respiratory viruses was am-
plified by the proposed methods (Fig. S1). In addition, 36
previously negative samples for SARS-CoV-2 by the
TagMan RT-qPCR method were also negative in all the other
two methods, showing 100% specificity (Table 1).

To evaluate the sensitivity of the two alternative molecular
diagnostic tests, we first tested the SYBR Green RT-qPCR.
The method showed positive reactions with all serial dilutions
of the SARS-Cov-2 isolate with Ct values ranging from 2.79
to 3.77 (3.51 average) with regard to the gold standard RT-
qPCR by the TagMan protocol (Fig. 1a and b; Table S1). On
the other hand, The RT-PCR methods (one-step RT-PCR and
two-steps PCR amplified the DNA fragment with the expect-
ed size until dilution 1077 (Fig. Ic and d, respectively). No
other fragments with sizes different of 113 bp were observed.

Of the 63 clinical samples identified by RT-qPCR by
the TagMan method [5], only one was negative by the
SYBR Green RT-qPCR method (36.95 TagMan Ct¢ val-
ue). The Ct values of both methods were similar to a

difference in Ct of 1.92 on average (Fig. 2a). In addition,
59 out of 63 samples (93%) were clearly detected by the
tested one-step and two-step RT-PCR methods (Fig. 2b
and c). The unamplified samples by these methods have
Ct values ranging from 36.16 to 38.99 by the TagMan
RT-qPCR. Thus, the tested RT-PCRs could detect posi-
tive samples with maximal Ct of 35.98. All results gen-
erated by the tested alternative methods are shown in the
Supplementary Material (Table S2).

Discussion

The rapid spread and elevated morbidity and mortality
rates of the SARS-CoV-2 led to a global public health
emergency state. Statistical analyses suggest that several
millions will be infected in the coming months [7, 8],
challenging public health systems and highlighting the
importance of efficient diagnostic tests for preventing
virus dissemination. The current gold standard diagnostic
method for COVID-19, based on the TagMan RT-qPCR
assay, is efficient but not accessible to laboratories in
developing countries based on the elevated costs and
the present global demands for supplies and reagents.
Thus, the use of reference primer sets for conventional
amplification protocols could represent low-cost alterna-
tives with preserved specificity and sensibility [9]. Our
results demonstrated that both SYBR Green RT-qPCR
assay and two conventional RT-PCR protocols represent
valuable alternatives for the molecular detection of
SARS-CoV-2.

None of the tested alternative diagnostic methods showed
amplification of another respiratory virus, including other [3-

Table 1 Sensitivity and
specificity of SYBR Green RT-

gPCR and conventional RT-PCR
(one and two steps) using
TagMan RT-qPCR (Ct<40) as a
gold standard of 116 clinical
samples

Sensitivity of SYBR Green [95% IC]
Specificity of SYBR Green [95% IC]
Positive predictive value [95% IC]
Negative predictive value [95% IC]

Conventional PCR
Positive (~ 113 bp)
Negative (113 bp)
Sensibility of PCR [95% IC]
Specificity of PCR [95% IC]

Positive predictive value [95%IC]
Negative predictive value [95% IC]

TagMan
SYBR Green Positive (Ct < 40) Negative (Ct > 40)
Positive (MC =75.78) 62 0
Negative (MC40) 01 53%

98.4% [97.6-99.8%]
100% [98.8-100%]
100% [94.2-100%]
98.1% [90.1-99.5%]

58 0
05 53%
92.1% [89.6-95.3%]

100% [98.8-100%]

100% [93.8-100%]

91.3% [81.0-97.1%]

*From which 17 samples are positives for other respiratory viruses
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Fig. 1 Analytical sensitivity of the tested molecular diagnostic methods
using the Brazilian SARS-CoV-2 isolate. a Standard curve for absolute
quantification by TagMan real-time PCR. Amplification plot and linear
regression of standard curve, slope —3.494, R2 0.99, Eff% 93.284. b
Melting curve and linear regression of the standard curve, slope —
3.497, R2 0.99, Eft% 9.168. ¢ and d Agarose gels of one-step RT-PCR

coronavirus (HKU and OC43), besides the SARS-CoV-2.
These results support a previous report of Corman et al. [5].
In addition, our data indicate that the probes recommended for
the detection of the SARS-CoV-2 by the TagMan RT-qPCR
are not the only ones capable to confer the required specificity
with regard to other respiratory viruses.

The SARS-CoV-2 was capable to detect all tested di-
lutions of the Brazilian SARS-CoV-2 isolate with low Ct

113&:.-

1289 1578

1939 2264 22 2274 1YW W1

G Vialoes

and two-steps RT-PCR, respectively. The 600-bp marker in the ladder
(LD) is displayed in the gel. The arrow marks the amplified fragment of
113 base pairs (bp) amplified with the SARS-CoV-2-specific E gene
primers. Each dilution is displayed in the top of gels as well as the cycle
threshold (Ct) values, at the bottom of the pictures. The observed ampli-
fications are indicated by the red boxes

value differences with regard to the reference method. On
the other hand, the two tested conventional RT-PCR as-
says were capable to detect the genetic material of the
virus up to a 107 dilution (corresponding to a Ct value
of 33.37 in the reference TagMan RT-qPCR) in agarose
gels. The higher sensitivities of both RT-qPCR methods
in comparison to RT-PCR methods were expected
[9-11]. Nonetheless, we believe that conventional RT-
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Fig. 2 Comparison of Ct values a 45m TagMan SYBR Green

obtained by TagMan, SYBR

Green, and one-step/two-step RT- 4 §
PCR assays. a Ct values of 63 8 . .
clinical samples detected with ] 359 <f

TagMan and SYBR Green RT- %‘ 30- go®

gPCR. b, ¢ Agarose gels of am- -g N

plified fragments by one-step RT- £ 25+ T

PCR and two-step PCR assays, 3

respectively, of 14 representa- z’f_ 20 c2e0n .

tives’ clinical samples. The 600- © 1

bp marker in the ladder (LD) is

indicated in the picture. The arrow o 3 R ULUUUUUUUUUUUUUUIUUUUUUUUULUUUUUUUUUUUUUUUUUUUUIUUL
points to the fragment of 113 base AU 56004 B AN ARABAUBAN I A2 ARV LGIDANNUANRAGMDR AN RN RL N
pairs (bp) amplified with SARS- b LD

CoV-2-specific E gene primers

1apmp S B B B B Gl B B B h G G

6 14 15 20 21 2 23 27 A 38 39 40 41 48

C LD

TP —— — N —— — ———

PCR methods may be adequate to detect the virus at the
onset of the disease symptoms and among patients with
severe symptoms when higher viral loads are observed
[12, 13]. Furthermore, adding higher RNA or cDNA
loads in the reaction mix may improve the sensitivity of
the tests and, consequently, enhance the detection of low-
er viral loads.

Although the conventional RT-PCR method requires more
time to deliver the result, the technique still proved to be very
efficient and indispensable in times of pandemic, where even
in the most remote places in the world the diagnosis can be
made.

In summary, the two protocols tested were suitable for the
detection of SARS-CoV-2 in clinical samples, particularly in
places where the reference TagMan RT-qPCR is not available.
Thus, the proposed protocols represent alternatives with low-
cost reagents and readily available for the screening and mo-
lecular diagnosis of COVID-19; however, it would be neces-
sary and extremely important that the health departments and
health ministries of each country or city, validate and officially
release the use of these methods as recognized diagnostics for
COVID-19.
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