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ABSTRACT

Background and Objectives: The new beta-coronavirus, which caused Severe Acute Respiratory Coronavirus-2 Syndrome
(SARS-CoV-2), a major respiratory outbreak in Wuhan, China in December 2019, is now prevalent in many countries around
the world. Identifying PCR-based viruses is a well-known and relatively stable protocol. Unfortunately, the high mutation
rates may lead to widespread changes in viral nucleic acid sequences, and so using specific primers for PCR can be recom-
mended. In this study, we evaluated the power of a conventional RT-PCR to detect SARS-CoV-2 RNA among the five set
primer sets.

Materials and Methods: The five genomic regions of the Coronavirus SARS-2 virus including Nucleocapsids (N), Enve-
lope (E), RNA depended RNA Polymerase (RdRp), ORF1ab and Spike (S) were selected for primer designing. A convention-
al RT-PCR was performed to compare sensitivity, specificity and other analytical characteristics of primers designed against
two Real Time PCR commercial kits.

Results: The result of the comparative analysis showed that the ORF1ab, N and RdRp primers had a sensitivity, specificity
and positive predictive value higher than other primers. A significant difference in the analytical sensitivity between the
studied primer sets in RT-PCR kits was observed.

Conclusion: In this study, the ORF1ab, Nucleocapsid and RdRp regions have the best primers for identifying the SARS-
CoV-2 RNA between different genes that have been suggested.
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INTRODUCTION
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Coronaviruses have a single-stranded positive
RNA genome with 26 to 32 kb length. Several an-
imals including camels, bats, mice, dogs and cats
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have been identified as the hosts of the virus. The
sequence of open reading frame (ORF) is common to
all beta-corona viruses. ORFlab encodes most of the
enzymatic proteins, and also other proteins such as
surface glycoprotein (S), small envelope proteins (E),
matrix proteins (M) and nucleocapsid proteins (N) as
well as several non-structural proteins are encoded
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by the virus (1). New mammalian coronaviruses have
been identified. For example, a bat-related HKU2-re-
lated coronavirus was responsible for an acute fatal
diarrhea syndrome in pigs in 2018 (2, 3). The ma-
jority of pathogenic coronaviruses in human cause
mild symptoms or they are clinically asymptomatic.

In December 2019, a new coronavirus (nCoV-19)
has been reported causing outbreaks and infections
in humans. The new coronavirus temporarily re-
ferred to Wuhan city of China and later renamed to
novel Coronavirus (2019-nCoV) or COVID-19 (4).
Existing data currently indicate that COVID-19 in-
fects the human population from the bat reservoir,
although it is not yet clear whether a currently un-
known animal species acts as an intermediate host
between the bats and humans (5). Many patients with
pneumonia were linked to the Huanan seafood mar-
ket in Wuhan, Hubei Province, China, where a num-
ber of animals, such as birds, bats and rabbits, were
already on sale (6). The disease has been spreading
rapidly, by epidemic condition in China and then
been reported worldwide outbreaks. In February
2020, the World Health Organization (WHO) iden-
tified COVID-19, which stands for Coronavirus-2019
(7, 8). For the safety reasons, suspected or document-
ed COVID-19 patient samples should not be used
for culture. Therefore, the use of molecular method
such as RT-PCR is an important method to identi-
fy cases of infection with this virus. Currently, four
important regions of the virus have been suggested
for molecular identification, including ORF1 (a, b),
glycoprotein Spike (E), nucleocapsid (N) and viral
RNA polymerase enzyme (RdRp) sequences as the
final target of RT-PCR test. Due to the emergence
of this virus, identification of infected and suspected
cases of COVID-19 is important (4, 9). In this study,
we designed and manufactured a best target gene for
the detection of NCOVID-19 infection in both quali-
tative RT-PCR assays.

MATERIALS AND METHODS

Sampling. At the time of the epidemic new Co-
rona virus (COVID-19) in Iran, with the efforts of
Kerman University of Medical Sciences, the Kerman
Reference Laboratory began to perform Real Time
PCR tests for the detection of cases that were diag-
nosed with nCOVID-19 infection. Therefore, from
all of the nasopharynx swab samples over 30 days, 30
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viral RNA genomes from the positive samples group
and 15 extracted solutions from the negative samples
were obtained from Kerman Reference Laboratory.
All samples were tested by Real Time PCR method
using the kits supplied by TIB (TIB MOLBIOL, Ger-
many) and Sansure (Sansure Biotech, China).

Ethical clearance. All clinical samples were ob-
tained during the medical treatment of patients
with acute respiratory infection with coronavirus
(COVID-19). All patients provided written informed
consent, which has been kept on file at the laboratory.
Human rights were respected and all ethical issues
were considered during this study. The study was
supported by the Research Center of Tropical and
Infectious Diseases with Reg. No. 98001244 and ap-
proved by ethical committee of Kerman University
of Medical Sciences (Ethic approval Code: IR.KMU.
REC.1398.728).

Primer designing. The primer sets were classified
into four groups based on specific gene sequenc-
es (ORF1, N, E and RdRp) of SARS-2 viruses in
the Pubmed. The sequence codes of SARS virus-

es that used for primer design were: LC528233,
MT093631, MT093571, MTO084071, MTO072688,
MTO066176, LC528232, LC522973, LC522972,
MTO027064, MTO027062, MTO020781, MT123293,
MT019530, MTO019529, LR757998, LR757997,
LR757996, MT123292, LR757995, MTO007544,
MN996530, MN996528, MN997409, MT123291,
MN994467, MN988713, NC045512, MK211378,
MK211374, MT123290, MT118835 MT111896,
MT106054, MT106053, MT106052, MT159719,
MT093631, MT159721, MT020781, MT159718,

MT159714, MT020781 and MT192759. The genome
of the coronavirus is approximately 29903 ntd (nu-
cleotides) in length and the location of the each gene
targeted as follows. Multiple Alignments (Clust-
alW) was done for finding the conserved nucleotides
on all of SARS-2 sequences in EBI —-EMBL site
(https:/lwww.ebi.ac.uk/Tools/msa/clustalo/). Primers
were designed after determination of the re-
action conditions such as GC%, Melting
temperature (Tm), the length of the primer
and the product range based on online tools
(https://www.eurofinsgenomics.eu/en/ecom/tools/pcr-
primer-design/). Sequences of all the primers and
their respective locations within the SARS-CoV-2
genome which was used for the in-house assays are
shown in Fig. 1.
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Fig. 1. Genome structure of SARS-2 (nCOVID-19)

Gene N: Nucleocapsid phosphoprotein: 28274...29533, Gene E: Envelope: 26245...26472
Gene S: Spike: 21563...25384, ORF1ab:266...13468, 13468...21555, Gene M: Membrane glycoprotein: 26523...27191,

RdRP:4393...5394

One Step RT-PCR. The RT-PCR assay was per-
formed using the One-Step supermix RT-PCR Mas-
ter Mix (Biosystem, Germany). Each 25-pL reaction
mixture contained 12.5 pL of 2x Master Mix, 1 pL
of the 20x RNase Inhibitor mix, 0.25 pL of 50 uM
forward and 0.75 pL of 50 uM reverse primers, 6.125
pL of nuclease-free water, and 5 pL of nucleic acid
extract. The amplification was carried out in on a
MWG Thermo cycler System (MWG, Germany).
The thermo cycling conditions consisted of 30 min
at 50°C for reverse transcription, 5 min at 95°C for
activation of the Taq DNA polymerase, and 45 cycles
of 15 s at 95°C, 10 s in 58°C and 40 s at 60°C.

Detection of RT-PCR product. The PCR prod-
ucts were electrophoresis in 1.5% agarose gel and
were stained with Red safe. The gels were visualized
under UV light and Vilberlumert gel documentation.

Specificity and sensitivity of primers. RT-
PCR test was done for different viral genomes for
each primer sets such as Influenza virus (A, HIN1,
H3N2, B), Para influenza virus 1,3, Hepatitis C vi-
rus (HCV), Human Herpes simplex virus (HSV1,2),
Human Immunodeficiency virus (HIV-1), Coro-
na -OC43, HCoV-NL63, MERS-CaV, Rhinovirus/
Enterovirus, Respiratory syncytial virus (A/B) and
Human metapneumovirus. For sensitivity, we pre-
pared a ten-fold serial dilution of the mixture from
nCOVID-19 RNAs positive. That level of RNA
mixture was determined by a commercial Kit.
(Genesig, Primerdesign Ltd). There was 10° copies/
ml.

http://ijm.tums.ac.ir

RESULTS

Gel electrophoresis. The sizes of products for
each primer for the in-house RT-PCR protocol are
shown in Table 1 and 2 respectively. The amplicon
generated by the specific primers has different mo-
lecular weight; therefore, the products could be dif-
ferentiated using agarose gel electrophoresis (Fig. 2).
Multiple bands were not produced from patients with
nCOVID-19 disease (Table 2).

Specificity of primers. No positive result was seen
with non—-SARS-CoV2 RNA from the specificity
panel. However, when PCR products were subject-
ed to agarose gels electrophoresis analysis, in S and
E primer sets in some samples multiple bands were
present, which indicated the nonspecific products
(data not shown). They may have mutated.

No cross-reactivity was observed when primers for
E and N genes were used together in multiplex RT-
PCR against COVID-19 virus. RNA from SARS-
CoV2 was also tested using all the primers described
above, and no cross-reactivity was observed (data not
shown).

Commercial Real Time PCR and in-house con-
ventional RT-PCR results. The results of the RT-
PCR test on 30 infected patients with COVID-19
were shown in Table 2. The COVID-19 RNA was de-
tected from 22 samples (73.3%) of total samples from
RdRp gene, 83.3% (25 samples) for Nucleocapsid
(N) and S (surface protein) genes, 60% (18 samples)
for E gene and 80% (24 samples) for ORF1ab region.
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Table 1. The sequences of specific primers for detection of COVID-19

Target gene Forward/ Reverse primer %GC Tme°C Location Product size

ORF1lab CTAGGACCTCTTTCTGCTCA 50/50 60.5/60.5 10536-11124 588 bp
ACACTCTCCTAGCACCATCA

S CCCTGTTGCTATTCATGCAG 50/45 60.1/59.8 1859-1955 440 bp
CCCTATTAAACAGCCTGCAC

E GGAAGAGACAGGTACGTTAA 45/40 61.1/60.6 17-162 145 bp
AAGGTTTTACAAGACTCACG

N CCTCTTCTCGTTCCTCATCA 50/50 61.3/62.3 544-867 323 bp
CCTGGTCCCCAAAATTTCCT

RdRp CATCTCACTTGCTGGTTCCT 50/435  60.8/60.3 384- 580 196 bp

CCTTAATAGTCCTCACTTCTCTC

RdARp gene

s

Ladder 100bp

323 bp

Fig. 2. Gel electrophoresis of five products in 2% gel aga-
rose, M: Marker 100 bp
E gene; 145 bp, ORF1lab: 588 bp, RdRp: 196 bp, N gene:
323 bp, S gene: 440 bp

Specification of sunsure Biotech Real Time PCR
kit. Viral RNA is used for detection of three regions
RdRp and N genes of novel coronavirus (2019-
nCoV) in respiratory secretion of suspected patients
with novel coronavirus infection. The RdRp region
was detected in FAM, ROX for N and HEX channel
to test internal control. The test is positive if there
is typical S-shape amplification curve at FAM, ROX
and/or Hex channel, and the amplification curve
must be detected at Ct < 35. If there is no typical
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S-shape amplification with no Ct or Ct > 40, the re-
sult is negative. The limit of detection of this kit is
200 copies/mL.

Specification of TIB MOLBIOL Real Time PCR
kit. Viral RNA is used for qualitative detection of
the ORFlab, E and N genes of novel coronavirus
(2019-nCoV) in nasopharyngeal swab, oropharyn-
geal swab, alveolar lavage fluid, sputum, serum,
whole blood and feces from suspected pneumonia
cases with novel coronavirus infection. ORF-1lab, E
and N region was detected in 530 channel (FAM) and
660 channel (CY5) to test internal control. The test
is positive if there is typical S-shape amplification
curve and the amplification curve detected at Ct < 40.
If there is no typical S-shape amplification with no
Ctor Ct > 40, the result is negative. It is indicated that
the specimen’s concentration is too low, or there are
interfering substances that inhibit the reaction and
test result is invalid. The limit of detection of this kit
is 10 copies/mL.

Sensitivity and specificity of different primers.
The sensitivity (also called true positive rate, recall
or the probability of disease in detection with the cer-
tain tests) measures the proportion of true positive
that is correctly identified as such (e.g., percentage
of patients which are correctly identified by these
methods). Specificity (also called the real negative
rate) measures the real negatives that are correctly
identified as such (e.g., the percentage of healthy
people who have a negative test). In this study, the
TIB MOLBIOL Kit and Sansure Biotech Kit are
considered as reference methods and were compared
with our designed in-house primers for detection of

http://ijm.tums.ac.ir
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Table 2. RT-PCR products generated in this study

Gene

PCR product generated in RT-PCR

RdRp

ORF1lab

CATCTCACTTGCTGGTT 400

CCTATAAAGA TTGGTCCTAT TCTGGACAAT CTACACAACT AGGTATAGAA 450
TTTCTTAAGA GAGGTGATAAAAGTGTATAT TACACTAGTAATCCTACCAC 500
ATTCCACCTA GATGGTGAAG TTATCACCTT TGACAATCTT AAGACACTTC 550
TTTCTTTGAG AGAAGTGAGG ACTATTAAGG

Number of CpGs in the PCR product: 0

CTAGG ACCTCTTTCT 10550

GCTCAAACTG GAATTGCCGT TTTAGATATG TGTGCTTCAT TAAAAGAATT 10600
ACTGCAAAAT GGTATGAATG GACGTACCAT ATTGGGTAGT GCTTTATTAG 10650
AAGATGAATT TACACCTTTT GATGTTGTTA GACAATGCTC AGGTGTTACT 10700
TTCCAAAGTG CAGTGAAAAG AACAATCAAG GGTACACACC ACTGGTTGTT 10750
ACTCACAATT TTGACTTCAC TTTTAGTTTT AGTCCAGAGT ACTCAATGGT 10800
CTTTGTTCTT TTTTTTGTAT GAAAATGCCT TTTTACCTTT TGCTATGGGT 10850
ATTATTGCTATGTCTGCTTT TGCAATGATG TTTGTCAAAC ATAAGCATGC 10900
ATTTCTCTGT TTGTTTTTGT TACCTTCTCT TGCCACTGTA GCTTATTTTA 10950
ATATGGTCTATATGCCTGCT AGTTGGGTGA TGCGTATTAT GACATGGTTG 11000
GATATGGTTG ATACTAGTTT GTCTGGTTTT AAGCTAAAAG ACTGTGTTAT 11050
GTATGCATCA GCTGTAGTGT TACTAATCCT TATGACAGCAAGAACTGTGT 11100
ATGATGATGG TGCTAGGAGA GTGT

Number of CpGs in the PCR product: 3

TGCTG ACACTACTGATGCTGTCCGT GATCCACAGA CACTTGAGAT 1750
TCTTGACATT ACACCATGTT CTTTTGGTGG TGTCAGTGTT ATAACACCAG 1800
GAACAAATAC TTCTAACCAG GTTGCTGTTC TTTATCAGGA TGTTAACTGC 1850
ACAGAAGTCC CTGTTGCTAT TCATGCAGAT CAACTTACTC CTACTTGGCG 1900
TGTTTATTCT ACAGGTTCTAATGTTTTTCAAACACGTGCA GGCTGTTTAA 1950
TAGGGGCTGAACATGTCAAC AACTCATATG AGTGTGACAT ACCCATTGGT 2000
GCAGGTATAT GCGCTAGTTATCAGACTCAG ACTAATTCTC CTCGGCGGGC 2050
ACGTAGTGTA GCTAGTCAAT CCATCATTGC CTACACTATG TCACTTGGTG 2100
CAGAAAATTC AGTTGCTTAC TCTAATAACT CTATTGCCAT ACCCAC

Number of CpGs in the PCR product: 7

CCTCTTC 550

TCGTTCCTCATCACGTAGTC GCAACAGTTC AAGAAATTCAACTCCAGGCA 600
GCAGTAGGGG AACTTCTCCT GCTAGAATGG CTGGCAATGG CGGTGATGCT 650
GCTCTTGCTT TGCTGCTGCT TGACAGATTG AACCAGCTTG AGAGCAAAAT 700
GTCTGGTAAA GGCCAACAAC AACAAGGCCAAACTGTCACT AAGAAATCTG 750
CTGCTGAGGC TTCTAAGAAG CCTCGGCAAAAACGTACTGC CACTAAAGCA 800
TACAATGTAA CACAAGCTTT CGGCAGACGT GGTCCAGAAC AAACCCAAGG 850
AAATTTTGGG GACCAGG

Number of CpGs in the PCR product: 6

GGAA GAGACAGGTACGTTAATAGT TAATAGCGTAS0

CTTCTTTTTC TTGCTTTCGT GGTATTCTTG CTAGTTACAC TAGCCATCCT 100
TACTGCGCTT CGATTGTGTG CGTACTGCTG CAATATTGTT AACGTGAGTC 150
TTGTAAAACCTT

Number of CpGs in the PCR product: 5

CpG: Number of CpG islands in the unmodified PCR product

http://ijm.tums.ac.ir
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COVID-19. The results of this comparison and anal-
ysis are presented in Tables 3 and 4.

DISCUSSION

In early response and detection of the SARS-2
(nCOVID-19) outbreak, the cause of severe acute
respiratory infection in Iran, we developed a con-
ventional RT-PCR assay based on multiple primer

sets designed to different genomic targets to facili-
tate sensitive and specific detection of SARS-CoV2
in all laboratories. No cross reactivity was observed
when PCR products were analyzed. Therefore, by
performing and designing this method, it is not nec-
essary to use dangerous, time consuming and ex-
pensive methods such as cell culture for diagnosing
nCOVID-19, which is impossible in all laboratory
and requires Biosafety Level 3 (BSL3) laboratory.
The high potential for N gene and RdRp gene in de-

Table 3. Comparison of commercial kits and conventional RT-PCR results indifferent Genes.

Sample A: TIB MOLBIOL Kit B: Sansure Biotech kit In-House Primers

No. N gene RdRp gene E gene N gene RdRpgene  RdRp gene N gene E gene S gene ORFlab gene
T 3 P 3 P P P P P P P
2 P P N P N P P N P N
3 P P P P P P P P P P
4 P P P P P P P P P P
5 P N N P N N P N N N
6 P P N P P P P P P P
7 P P P P N P N P N P
8 P P N P P P P N P P
9 N P N N P P N N P P
10 P N N P N N P N P N
11 P P P P P P P P P P
12 P P N P P P P N P P
13 P N N P P N P N N P
14 P P N P P P P P P P
15 P P N P N P P P N N
16 P N P P P N P P P P
17 P P N P P P P P N P
18 N P P N P P N N P P
19 P N P P P N N P P N
20 P P N P P P P P P P
21 P P P P P P P P N P
22 N P P P P P N N P P
23 P N P P N P P P N N
24 P P N P P P P P P P
25 P P N P P P P N P P
26 N P P P P N P P P P
27 P N P P P N P P N P
28 P P N P P P P N P P
29 P N P P P N P P N P
30 N P P P P P P N P P

Total P/N 24/6  22/8 15/15 28/2  24/6

22/8 25/5 18/12 21/9  24/6

A: TIB MOLBIOL COVID-19 kits: Monoplex real time PCR for E, N, RdRp gene B: Sansure Biotech COVID-19 kit: Mul-
tiplex real time PCR for N (Nucleocapsid), RdRp (RNA depended RNA Polymerase), E (Spike glycoprotein), S (Surface

protein) gene, P: Positive, N: Negative
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Table 4. Comparison results of in-house RT-PCR by new designed primers

Analysis tests

Target Genes
RdRp N E S ORFlab

% Sensitivity

% Specificity

% Positive Predictive Value (PPV)

% Negative Predictive Value (NPV)
False Negative Rate(FNR)

Fall out, False Positive Rate(FPR)

False Discovery Rate (FDR)

False omission Rate (FOR)

Threat Score, Critical Success Index (CSI)
% Accuracy

95.7 96.6 66.7 85.7 96.0
88.9 100.0 66.7 50.0 100.0
95.7 100.0 88.9 96.0 100.0
88.9 50.0 333 20.0 83.3

43 3.4 33.3 14.3 4.0
111 0.0 33.3 50.0 0.0
43 0.0 11 4.0 0.0

111 50.0 66.7 80.0 16.7
91.7 96.6 61.5 82.8 96.0
47.0 31.3 29.3 27.3 40.7

tection of SARS-CoV2 was demonstrated in nucle-
ic acid extraction from respiratory secretions (10).
The increased sensitivity of the RT-PCR assay over
cell culture and equal to commercial RT-PCR meth-
ods may help to detection of nCOVID-19 at earlier
stages of infection, when the virus is present at low
titer in respiratory secretions (11). For the detec-
tion of SARS-Cov2 (nCOVID-19) in patients with
respiratory infection, we designed a conventional
RT-PCR method from five regions of virus. The re-
sults of RT-PCR for N gene were the most positive
in commercial kits and the method designed in this
study. Therefore, this gene is the most frequent gene
in the coronavirus infection, whereas the E gene
has the least positive in this infection. As shown in
the commercial kit produced by the TIB MOLBI-
OL (Germany), the E gene results in patients were
positive only fifty percent. This gene has not been
used in the Sunsure Biotech Kit (China). Therefore,
the best genes for identifying cases of the new coro-
navirus are the N Gene and viral RNA polymerase,
respectively. The RNA depended RNA polymerase
has overlaps with N-terminal region of ORFlab (12).
Besides the 2 commercial kits described above, five
other sets of primers were designed for conventional
RT-PCR. Primer sets of ORF1 and RdRP target the
different genes and produce their own product while
the two regions have overlap in N-terminal ORFL.
Although the sensitivity of these two primers to de-
tect coronavirus was equal, the ORF1 primer had
a specificity and positive predictive value of 100%.
The false negative rate with this primer was only 4%.
The percentage of false positive and false discovery
rate were zero. So, use of this region for diagnosis of
coronavirus is highly recommended (13). The nucle-

http://ijm.tums.ac.ir

ocapsid gene primers (N) had the highest sensitivity
among the designed primers (96.6%). The specificity
and positive predictive value for these primers was
calculated 100%. The probability of obtaining false
positive and false discovery rate results with these
primers was zero percent. Negative results of this test
were valid in only 50% of patients with the disease.
Therefore, the possibility of obtaining false negative
results can be decreased by using simultaneous prim-
ers in the ORFlab and nucleocapsid (N) region (14).
As shown in Table 4, the diagnostic value of the E
gene is lower than other genes in the sample because
the E gene is low (Fig. 1). The sensitivity and the
specificity were 66.7%. The critical success index for
E gene was 61%. The surface gene (S) of COVID-19
as a target for detection of coronavirus infection in
this study had a sensitivity of 85% and specificity
of 50%, and was only able to identify 21 specimens
(70%) positively (15). The positive result in the test
was probably 95% true and the negative results had
the validity of 20%. In commercial Kits, two or more
pairs of simultaneous primers beside internal control
gene were also used in a single reaction (16). Using
simultaneous multiple genes in a reaction create a
competitive replication state that is depended to de-
creases or increases each of genes those have effects
on other replication (17). It is therefore recommended
that these methods may not be used simultaneously
and not more than two pairs of primers in one reac-
tion, unless their expression and amplification rate
are the same and may not be affected by the others.
This is one of the reasons why the results of the E
gene are often false negative. Also, the use of multi-
gene reactions cause the minimum detectable range
to increase drastically, and low rate of viral loads in

IRAN. J. MICROBIOL. Volume 12 Number 3 (June 2020) 185-193 191
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cases where the shading of virus is low, are not de-
tectable and results can be false negatives (18). This
is one of the cases where these two commercial kits
are widely used as clinical signs and other blood tests
indicate coronary disease, but their diagnostic tests
are false negative (19).

Although real-time RT-PCR test offers clear ad-
vantages over conventional RT-PCR, the results still
need to be interpreted with caution. For instance, the
effectiveness of RT-PCR in the diagnosis of SARS-
CoV2 in clinical samples has been shown to be
greatly affected by the quantity, type and timing of
sample collection. False-negative results can also be
a concern due to the poor quality of the nucleic acid
or the presence of RT-PCR inhibitors. We expressed
this by simultaneously testing the human RNase P
gene, which should be present in all suitable collect-
ed samples (20, 21). False-negative results could also
potentially result from mutations in the primer, probe
target regions and in the COVID-19 virus genome.
We have made this available by taking into several
genetic targets in the assessment and by comparing
the primer probe sequences and published sequences
of COVID-19 virus (22, 23). To prevent false-posi-
tive results, careful testing by avoiding viral RNA
that has been already infected or being contaminated
with the PCR product during the preparation of ge-
nome extracts or PCR reactions must be considered.
In addition, all positive RT-PCR samples were tested
and confirmed in the second laboratory using Re-
al-time PCR based on different genetic targets (24).

CONCLUSION

The RT-PCR assay with N, RdRp, ORF1 primers
permitted rapid, sensitive, and specific detection for
COVID-19 in patients with pneumonia and provided
diagnostic support during the recent COVID-19 out-
break in low level laboratory that do not have a Real
Time PCR instrument. Widely deploying this assay
through the health centers will enhance their ability
to provide a rapid response in the event of the possi-
ble return of COVID-19.
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