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Article Info ABSTRACT

Special . Issue on Acute respiratory tract infection is a common public health
Coronavirus ( COVID- concern worldwide a new emerging contagious virus (COVID-
19) 2019) or SARSC- 2 causing a pandemic pneumonia outbreak, The

. . main transmission route of this virus is through droplets from
DOI: 10.24017/covid.2 respiratory made during sneezing or coughing of infected people
Article history: like the recent viral infection of severe acute respiratory syndrome
(SARS-CoV1) and the Middle East respiratory syndrome (MERS).
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transmission of the COVID-2019 that makes the disease as an

Keywords: emerging and global alarming against this new coronavirus. Early
COVID-19, new diagnosis of the etiological agents is critical for appropriate
coronavirus, management, controlling plan, protection, and treatment. The new
diagnostic methods, outbreak of COVID-19 can be detected by different molecular
DNA marker, protocols. Quantitative polymerase chain reaction (qPCR) is the

recommended technique used with varied sensitivity due to
primers variation and specimen type. The reliable, high specific
and sensitive diagnosis protocols are necessary for an emerging
control plan. This study will review and explore the most available
methods of molecular identification and primers for the diagnosis
of the new coronavirus (COVID-19). This review will also open
the new clues to develop and select appropriate diagnosis panel
and specific primers for new coronavirus. In conclusion of this
review, the RNA dependent RNA polymerase (RdRp) and
RdRp/Hel protocols will be valuable to distinguish the COVID-19
from the SARS-CoV and the other respiratory viral pathogens.

respiratory viral infection.

Copyright © 2020 Kurdistan Journal of Applied Research.
All rights reserved.

1. INTRODUCTION

Seafood Wholesale Market in Wuhan, China, caused an alarming contagious primary atypical
viral of pneumonia among people that broke out in December 2019. The outbreak then spread
over China and other countries quickly. The new coronavirus (COVID-19) was firstly
detected and confirmed by Chinese health authorities in January 2020. The virus was
identified as an animal origin disease (zoonotic virus), similar to the MERS and SARS
coronaviruses [1]. Coronaviruses are belonging to the family Coronaviridae, order Nidovirales
and subgenus Sarbecovirus, The researchers described seven types of coronavirus (COVID-
19) is the new one of this cluster. [2]. The viral genome of the virus can encode four
structural proteins, spike (S) protein is the one of the important protein which is restricted to a
special receptor called angiotensin-converting enzyme 2 (ACE2) and arbitrates in viral
attachments to the host cell and viral infection[3]. Recent epidemiological data indicate that
the COVID-19 may a genetically modified virus of bat coronavirus. Nevertheless, this
concept needs to be approved, and the potential reservoir or intermede host(s) are still
unknown [4],[5].

Over the last two decades, the two beta-coronaviruses; SARS-CoV-1 [6,7,] and MERS-CoV,
[8,9] have infected more than 10 000 cumulative cases with relatively high mortality rates of
10%, and 37% respectively, while, fortunately, the most human cases of the coronavirus are
mild. The novel virus (COVID-19) has been designated in February 2020, by the World
Health Organization, and this virus is pointed out as SARS-CoV-2, initially was known as
2019n-CoV [10]. Due to the genetic identity of the SARS-CoV1, the virus was named as
SARS-CoV2, while it has differences in the disease spectrum and route of transmission [11].
It is not known well how the virus can spread among people in a short period, but it is
recognized that the virus can transmit in chains involving several links. The droplets of the
respiratory produced during sneezing or coughing from an infected person are the main route
of transmission similar to SARS and MERS [12]. The viral genome (RNA) was isolated from
respiratory tract specimens of asymptomatic individuals [13, 14], and the transmission of the
virus during the incubation period among asymptomatic individuals have also been described
[15, 16]. Also, the genetic matter (RNA) has been isolated from respiratory droplets, saliva,
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and other body fluids, such as blood and fecal specimens that may contain the infectious virus.
It is still not proved that the virus can transmit through the placenta to the fetus during
pregnancy or through breastfeeding, and there is also no enough information about the
transmission of the coronavirus through, seminal and vaginal discharges during delivery
[17,18]. The severity of the COVID-19 infection ranging from mild to severe pneumonia
leading to dry cough and breath shorten. The WHO indicated the mild infections recover in
around two weeks, while it takes three to six weeks for severe infections [6].

The molecular diagnostic protocols (QPCR) are the most specific and sensitive, the genome of
the COVID-19 is a single strand RNA, so the RT-PCR is applied for identification of the
virus in suspected patients [19]. Serological testing for the COVID-19 diagnosis is yet in
development [20]. The number of COVID-19 is still increasing worldwide. Travelers from
China had an essential role in virus spreading through the word. The epidemiological data
indicate the morbidity and mortality rate of the new coronavirus has dramatically increased
[21]. The most cases of the COVID-19 were recorded among age groups of 30 to 79 years old
which is countered about 87% of cases, 1% of cases were from children younger than 9 years,
aged, 10 to 19 years old were only counted 1%, but higher percentage (3%) were aged more
than 79 years, the male to female ratio was approximately equal. The infection rate among
males was 51%, but49% for females, and 4% of the human cases were recorded among health
care workers. Compering to the adults, children were infected much less, and the cases
reported among children were in family clusters or those children have frequent contact with a
suspected person[22],[ 23].

2. METHODS AND MATERIALS

To Access The Diagnosis Techniques Of Covid-19 Around The World, And Compare The
Results Of Each Protocol We Reached Systematically The Scientific Medical Software Such
As Science Direct, Pubmed, The Web Of Science, Google Scholar And Scopus. The Review
Included The Most Articles Reporting Diagnostic Methods Of 2019-Ncov, Including Physical
Examination, Serology, Ct-Scan, Serology, Molecular Diagnosis, And Real-Time Pcr. The
Systematic Search Was Achieved Using The Specific Key Terms: (Covid-19 Diagnosis,
Molecular Diagnosis Of The Virus, Sars-Cov Diagnosis Method, Mers-Cov Diagnosis
Techniques, And Specific Primer For Coronavirus Detection). The Most Related Published
Articles With New Coronavirus Diagnosis From December 2019 To April 2020 Were
Included.

3. RESULTS

3.1 Clinical manifestation

The infected cases of the COVID-19 have some important symptoms including, fatigue, fever,
dyspnea, muscle ache, dry cough, and nasal congestion, or runny nose [4] [24]. Despite these
common symptoms, the researchers claimed that fever by COVID-19 is one of the basic
symptoms of viral infection [25].

3.2 Physical observation

The coronavirus disease has some phases regarding presenting the symptoms that include:
Mild, Moderate, Severe, and Critical phases. The patients that have mild and moderate
symptoms may not show clinical signs, whereas, patients with critical and severe situations
may have respiratory symptoms such as restlessness, dyspnea (shortness of breath) [25].

3.3 Imaging examination

CT scan was strongly suggested by the researchers and physicians because of the imaging way
findings the exact area of the infection in the chest and follows the patients while commended
treatment course is taken. The imaging results will differ with the patient's immunity, scanning
time, age, disease stage. The imaging appearance of lesions appears (dominant) distribution of
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lesions in the vascular bundles of the lungs, (quantity) for example number of lesions, (shape)
nodular or grid-like, or (density) interlobular septal the bronchial wall thickening [25].

When the illness proceeded to develop, the subsegmental areas of consolidation and bilateral
multiple lobular might appear on a chest CT scan. Importantly, the chest CT check showed up
before the positive for the RT-PCR test in a few cases. Lungs of old infected persons are more
likely diffuse and broad imaging than those of the more youthful persons [26], [27]. The lungs
of mature patients appeared more diffuse and broad imaging than those of the more youthful
patients. Also, Huang and colleagues explained that all patients (41 patients) had chest CT
images they have abnormalities in the lung on admission. Later on, the CT images of their
chest appeared bilateral ground-glass opacity, while the consolidation had been resolved [24].
Among 1014 patients, 888 (88%) showed positive by CT scan, while 601 (59%) of them
detected by RT- PCR, this finding suggests that CT-scan may be used as a fast and more
sensitive diagnosis technique of the COVID-19 [28].

3.4 Some routine laboratory findings

Some laboratory tests are also present for the identification of the COVID-19 infection
includes C-reactive protein (CRP), kidney and liver function, myoglobin, myocardial enzyme,
ESR, Procalcitonin (PCT), D-dimer, blood gas analysis, lactate, General Urine parameters,
tuberculosis subgroups, inflammatory factors (IL-6, IL-10, TNF, coagulation image, anti-acid
staining, complement [26]. At the beginning of the illness, WBC is decreased or stays at
normal range, when both lymphocyte and/or CD8 T and CD4 cells are decreased. In these
cases, it is generally recommended that further blood analysis after 3 days. [25].

3.5 Serological test

N protein of the SARSr-CoV Rp3 which has %90 similarity with COVID-19 protein was
developed as an antigen for SARSr-CoV for IgM and IgG (ELISA) assay [29]. The
serological test yet in development to be highly specific and sensitive for COVID-19
detection. Serological diagnosis is essential for the epidemiological study and in cases where
RNA isolation is difficult due to less amount of specimens or degradation of the virus
genome.

3.6 Molecular diagnosis and PCR

The Chinese researchers were capable to identify a viral nucleic acid (RNA) from a patient
within a time on Jan 2020 and they shared a sequence of the viral genome with National
Institutes of Health (GenBank) database[30]. Upon genome sharing of the new coronavirus,
the CDC developed a diagnosis protocol using RT-PCR analysis for the lower and upper
respiratory specimens. The genome of the 2019-nCoV was at least has 70% identity to the
genetic of SARS-CoV [31].

The RT- PCR was successfully used to amplify the virus genome sinisterly and some genes
were selected to be amplified specifically for this virus such as E- gene (Envelope gene) [32].
This diagnosis panel has been applied by about 35 clinical laboratories. The confirmatory
RNA-dependent RNA polymerase-gene (RdRp) and N-gene of nucleoprotein were also used
by 33 and 21 clinical laboratories, respectively [26].

3.7 Real-Time Polymerase Chain Reaction

Due to the close similarity of the SARS-CoV-1 and MERS virus, the RT-PCR technique was
successfully used. A quantitative RT- PCR specific to the 1b section of the SARS-Cov which
was used by Poon and his colleagues. The supplier of the diagnosis kit was Applied
Biosystems and the two specific primer sequences [33].

Hung et al. used the commercial RT-PCR kits from Qiagen and Applied Biosystems for
SARS-Covl detection in clinical samples.The primers were: forward 5'-
CAGAACGCTGTAGCTTCAAAAATCT-3 and reverse 5-
TCAGAACCCTGTGATGAATCAACAG-3" [34]. The complex PCR technique has been
used for identifying (MERS-CoV) by Poon and his colleagues [33], they screened the clinical
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samples using Roche Magna Pure LC kits, with amplification targeting the upstream E region
(upE) and the ORF1la for confirmation. When both assays were positive, the results can be
regarded as positive, when both assays (first and second) were differing from each other, or if
the result of the RT-PCR was not clear, a new sample will be taken for more analysis as a
confirmation test. Since the appearance of 2019-nCoV, the RT-PCR technique remains a
valuable and sensitive diagnostic method. The sample types and period of sample collection
have great effects on the diagnosis of 2019-nCoV [34].

The CDC diagnostic panel for COVID-19 is an RT-PCR technique for the suspected
individual as a quantitative ideal method. The specific region of the virus nucleic acid (RNA)
from the different clinical specimens of the respiratory tract including respiratory tract swab,
sputum, noso-phyrengial, aspiration from the lower respiratory tract, nasal aspirate, noso-
phyrengial wash/aspirate and Nosal discharges is taken [35].

It was found that the respiratory specimens are better than serum samples for RT-PCR test,
and a large amount of the virus can be detected at the beginning of the disease despite the mild
symptoms [36]. In the United State, Holshue and his colleagues isolated the genome of the
COVID-19 successfully from respiratory aspiration and stool specimens and the RT-PCR
process was positive, while serum analysis was negative [30].

The specific RT-PCR protocols were published to confirm the COVID-19 cases, with
different PCR kits suppliers, there are various primers for the COVID-19[29]. Specific
primers (two sets) were used for COVID-19 diagnosis open reading frame la or 1b, the
protein of the nucleocapsid this can be applied as a laboratory-confirmed test. Moreover, they
concluded that a number of the cycle threshold value (Ct-value) is important to determine the
case as a positive or negative [20]. In the United States of America, the initial case was
recorded by Holshue and his colleagues developed rRT-PCR protocol from the sequences of
the viral genome, Clinical samples were verified, similar to earlier analytical assess for the
other severe respiratory diseases such as SARS-CoV and MERS-CoV, the N gene was
targeted, this The most common COVID-19 primers were presented in Table (1).

France's first case was recorded by Bernard Stoecklin and his teammate [37], the Test has
relied on the RT-PCR procedure supplied by Charité [32] as well as the use of RT-PCR
particularly the RdRp (four targets) designed at Institute Pasteur (RdRp-IP) with a hghi
specificity. The QIAGEN, Hilden, Germany, and Invitrogen, Darmstadt, Germany designed a
set of primers for RdRp gene, the oligonucleotides were produced by Tib-Molbiol (Berlin,
Germany) [32]. Recently Chan and his colleagues have developed a new RdRp/Hel protocol,
this protocol is more specific and sensitive than the other previous diagnosis tools [38]. In
another study, the RT-PCR was successfully used for identifying the new coronavirus cases
by purchasing the kits from different sources (Qiagen, Hilden, Germany, Applied Biosystems,
USA, PowerCheck™ SARS-CoV-2 and KogeneBiotech, Seoul, Korea) [39].

Furthermore, Chu and his team have developed 1-step quantitative real-time reverse-
transcription RT-PCR assays to allow the recognition of patients quickly and to identify both
specific parts of ORF1 and N of the viral RNA [40]. The sets consist of primer and probe.
which were produced to identify the COVID-19 and other viruses (SARS), two respiratory
samples were also tested by this technique from two positive cases of the COVID-19, these
protocols allow to use of genetic materials of SARS-CoV1 as positive controls [41].

Table 1: The recent diagnosis protocols for the COVID-19.

Assay Primer name Primer sequence Primer size Refer
ences
(E_Sarbeco_F) 5- ACAGGTACGTTAATAGTTAATAGCGT -3’ 26 [32]
E gene
(E_Sarbeco_R) 5- ATATTGCAGCAGTACGCACACA -3’ 22
(RARp_SARST-F) 5- GTGARATGGTCATGTGTGGCGG -3’ 22
RARP gene [32]
(RARp_SARSr-R) 5-CARATGTTAAASACACTATTAGCATA-3’ 26
N gene (N_Sarbeco_F) 5-CACATTGGCACCCGCAATC-3" 19 [32]
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(N_Sarbeco_R) 5"- GAGGAACGAGAAGAGGCTTG -3 20
(RBD-gF1) 5- CAATGGTTTAACAGGCACAGG -3' 21 [29]
S gene
(RBD-qR1) 5- CTCAAGTGTCTGTGGATCACG -3 21
forward primer 5'-CTC AGT CCA AGATGG TAT TTC T-3' 22
N gene reverse primer 5'-AGC ACC ATA GGG AAG TCC-3' 18 [41]
5-FAM-ACC TAG GAA CTG GCC CAG AAG CT-
probe BHQ1-3" 23
forward primer 5-TCATTG TTAATG CCT ATATTA ACC-3’ 24
ORF1ab reverse primer 5.CAC TTA ATG TAA GGC TTT GTT AAG-3' 24 [41]
robe 5-FAM- AAC TGC AGA GTC ACA TGT TGA CA- 23
p BHQ1-3'
5-
(FOCII&V&;%RSS' GAAATTAATACGACTCACTATAGGGCGAAGTTGT 55 2]
Orflab - AGGAGACATTAT ACTTAAACC-3’
(Orflab-RPA- , R
5’ TAGTAAGACTAGAATTGTCTACATAAGCAGC-3 30
Reverse_v1)
(S-RPA- >
Forward_v1) GAAATTAATACGACTCACTATAGGGAGGTTTCAA 55 [42]
S gene - ACTTTACTTGCTT TACATAGA-3’
(S-RPA- 5>-TCCTAGGTTGAAGATAACCCACATAATAAG-3’ 30
Reverse_v1)
forward primer 5’-AGAAGATTGGTTAGATGATGATAGT-3’ 25
ORF1 ab reverse primer 5’>-TTCCATCTCTAATTGAGGTTGAACC-3’ 25 [43]
5’-FAM-TCCTCACTGCCGTCTTGTTGACCA- BHQ1-
probe 3 24
RdRp/Hel Forward 5’-CGCATACAGTCTTRCAGGCT-3’
Covid-19 RdRp/Hel Reverse 5-GTGTGATGTTGAWATGACATGGTC-3’ [38]
RdRp/Hel
P Probe FAM - TTAAGATGTGGTGCTTGCATACGTAGAC - 28
IABKFQ
Spike/ Forward 5°-CCTACTAAATTAAATGATCTCTGCTTTACT-3’ 30
COVID -19 - Spike/ Reverse 5’-CAAGCTATAACGCAGCCTGTA-3’ ”n [38]
S
Probe HEX -CGCTCCAGGGCAAACTGGAAAG -IABKFQ 22
Nucleocapsid/ GCGTTCTTCGGAATGTCG 18
Forward
COVID -19 - Nucleocapsid/ TTGGATCTTTGTCATCCAATTTG 23 [38]
N reverse
Probe FAM -AACGTGGTTGACCTACACAGST -IABKFQ 22

4, DISCUSSION

Identification of the infectious viral pathogens is crucial to find and make a proper strategical
control plan, the right treatment, and breaking the outbreak cycle. Quick diagnostics of
infectious agents have essential functions in early controlling of the outbreaks in all countries.
Due to the rapid transmission of viral infection, especially respiratory infection, viruses, and
airborne viruses, proper and accurate diagnosis techniques are the valuable steps to prevent the
transmission and overcome of infectious diseases [32]. There are many laboratory methods for
the diagnosis of the viruses, including identifying specific antibodies, identifying genetic
information of the virus, serological technique, and culturing the virus. Culturing the virus is
a time and labor-consuming technique as compared to other techniques. However, this assay is
more beneficial in the first stage of an epidemic and pandemic cases before the other detection
assays. Viral cultures are also able to apply in both trials of antiviral and vaccine
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evaluations[44],[45].

Current laboratory techniques for the identification and amplification of genetic material of
both of SARS-CoV and MERS-CoV are RT-PCR, reverse transcription PCR and, reverse
transcription loop-mediated isothermal amplification (RT-LAMP) [33]; The amplification of
nucleic acid is usually the standards for the diagnosis cases of MERS-CoV because this
method has the highest sensitivity at the onset of the acute phase of the disease [46].
Regarding the current infectious pandemic COVID-19 virus, Chinese health authorities have
released the RNA sequence of the virus in portals of GenBank and GISAID (https://mww.
gisaid.org) to help the scientists for the identification of the new cases COVID-19 and finding
a suitable treatment [32]. Also, there are some of the important assays which are used to
identify the new coronavirus in Wuhan of China, as enforced by the guidance of WHO on the
suspected cases including nucleic acid amplification tests (NAAT), serological testing, Viral
genome amplification and sequencing [47].

In Germany, there was initially designed a diagnostic assay for the COVID-19, in the normal
workflow, it was suggested to use E gene test, this test can act as the first stage of the
screening tool and following by the RdRP gene protocol which acts as confirmatory testing.
In this application, two-color technologies can be used to distinguish COVID-19 from SARS-
CoV RNA (both probes positive), when the second one is used as a positive control. Instead of
this option, clinical centers can run the RdRp assay with a specific probe for the COVID-19
only. All assays were much sensitive and the reasonable result was gained for both RdRp and
E gene. These tests were also not interfering with other types of coronavirus [32].

In a comparison study, Chan et at [38] compared three new RT-PCR protocols targeting
RdRp/helicase (Hel), spike (S), and nucleocapsid (N) genes of COVID-19 with RdRp-P2
assay which is adapted in European laboratories (>30). They reported that theRdRp/Hel assay
had a high level of sensitivity and specificity and the lowest limit of identification of the viral
genome.

Hong Kong University has also designed a protocol to define COVID-19 in human clinical
sources. This assay was reactive with coronaviruses which belong to subgenus
Sarbecovirus(SARS-CoV, SARS, and COVID-19).The genetic material of the COVID-19 in
humans and animals is more diverse and it is not fully determined. Therefore, in this
suggested protocol, SARS-CoV is used as a positive control. It is also suggested to use the N
gene RT-PCR and ORF b test as confirmatory tests. In positive PCR results, analyses of the
viral sequence will further help to enforce the positive result and to distinguish the positive
control SARS-CoV from COVID-19. Although this approach is more sensitive, it has only
been used when a positive control SARS-CoV RNA is present [48].

The US Centers for Control Disease and Prevention follows an assay on the RT-PCR for the
identification of the COVID-19 using special primers and probes which were initially
designed for SARS-like coronavirus and then for the identification of the COVID-19.
However, this protocol has some limitations, users who work with this protocol should have
sufficient experience and knowledge about the protocol and analyzing data. False-negative
results may occur because of using not enough genetic material of the virus in the sample. The
false-negative result may also appear due to improper specimen collection or the peak of the
COVID-19 during infection has not been determined. Also, genetic variability might be
happening in RNA viruses, this behavior can result in a mismatch of sequences between the
viral genetic information with primer and probes results in a decrease in the performance of
the test and obtaining false-negative results [35]. As suggested, the initial sample volume in
RNA extraction needs to be increased for the identification of SARS-CoV. This point might
also be considered during establishing the assay with the COVID-19 [33].

Apart from the detection of the genetic material of viruses, the serological assay can also be
used with lower the sensitivity of antibody detection assay than the molecular techniques.
Serological assay such as ELISA and IIFT assays which are successful in the diagnosis of
infections. However, the lag period of the antibodies specifically targeting the virus might
belong which usually appears from 14 to 28 days after the appearance of the illness
[46],[49],[50]. Moreover, as it is found in MERS-COV cases, a low level of antibody
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production after two weeks might be related to the mortality rate of this infection. For this
reason, it is suggested that follow serological diagnoses assay when nucleic acid amplification
are not present [51],[49]

X-rays or thorax CT imaging can also use for imaging patients, unilateral or bilateral
involvement, compatible with viral pneumonia [24]. A correlation between chest CT scan and
RT-PCR assays in the COVID-19 is made. This has shown that the chest CT scan has a high
level of sensitivity for the identification of the COVID-19. Ai, and his colleagues (2019)
indicated the chest CT scan might be used as one of the alternative primary devices for the
current COVID-19detection [28]. Some other studies have suggested using CT-scan as an
alternative diagnostic method for the COVID-19. [52], [28].

5. CONCLUSION

The results of this systematic review concluded the following points

e The RdRp/Hel is a new and reliable protocol for the COVID-19 diagnosis with high
sensitivity and specificity.

e The RNA dependent RNA polymerase (RdRP) and RdRp/Hel protocols can be used
to distinguish the COVID-19 from the SARS-CoV and the other respiratory viral
pathogens.

e  Positive results of the RT-PCR are meet active infection with the COVID-19 but it
cannot rule out co-infection with other viruses and bacterial infection. The detected
agents from suspected patients may not be the definitive cause of disease.

e The respiratory specimens and stool samples for viral genome isolation are more
efficient than the serum which can be used in severe cases.

e The sampling technique, specimen type and period of sample collection have a real
impact on the quantity of viral genomic information and it reflects negatively on the
diagnosis protocol.

e The chest CT scan will be helpful for COVID-19 diagnosis in the case of insufficient
nucleic acid for RT-PCR and in emergency cases.
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