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INTRODUCTION

COVID-19 is a disease caused by SARS-CoV-2 and can lead to 
mild and severe infections in humans. Since its first appearance 
in China in December 2019, pandemics are spreading rapidly 
around the world. Despite the efforts with the disease, the virus 
continues to spread in many countries with varying degrees 
of clinical symptoms. SARS-CoV-2 infection has an extensive 
range of clinical manifestations varying from asymptomatic to 
symptomatic consisting of respiratory symptoms, fever, shortness 
of breath, cough, dyspnea and viral pneumonia and in severe 
cases, severe acute respiratory syndrome, heart failure and renal 
failure [1]. Some of these symptoms are the predominant cause 
of COVID-19 associated death [2]. The major complications of 
COVID-19 are the pneumonia and acute respiratory distress 
which will elicit the immune responses ending up in massive 

uncontrolled inflammation and tissue damage [2]. Furthermore, 
Multisystem Inflammatory Syndrome in Children (MIS-C) was 
confirmed to be associated with the SARS-CoV-2 infection [3]. 
Thus, COVID-19 is responsible for the significant morbidity and 
mortality during the coronavirus pandemic and the need for the 
reliable rapid diagnostic method is very crucial.

Coronaviruses are enveloped, positive single-stranded RNA 
genome and the Coronavirinae family consists of four genera: 
Alpha, Beta, Gamma and Delta coronavirus [4]. Specifically, the 
SARS-COV-2 strain is classified into the genera of β-coronavirus 
with an RNA genome size of 29.9 kb [2,5,6]. 

There are a number of published studies that point out that 
the genome of SARS-CoV2 has gone through evolutionary 
modification and transformation at some stage of its pandemic 
spreading resulting in increased genetic variation and various 
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mutations. It was found that, according to recent published data, 
the SARS-CoV-2 virus is primarily transmitted between people 
through inhalation or contact with contaminated droplets with 
an incubation period lasting for about 14 days [7-9]. 

This review presents an up to date and comprehensive overview 
on the performance of the distinct nucleic acid based and 
serological methods currently available for the reliable diagnosis 
of COVID-19. The data mentioned in this review is hoped to 
clinicians and clinical microbiologists to choose a suitable method 
for SARS-CoV-2 detection and thereby clinical management.

LITERATURE REVIEW

Diagnosis of COVID-19

Molecular testing of SARS-CoV-2: The reliable diagnostic 
technologies had right away evolved and advertised to assist 
early prognosis of COVID-19. Thus far, the most common 
diagnostic methods that have been commercialized are the 
molecular diagnostics that detect part of the viral RNA genome 
in the respiratory tract specimens while serological or antibody 
assessments detect SARS-CoV-2 particular antibodies in serum 
samples. The qRT-PCR starts with reverse transcription of the 
RNA to cDNA for PCR amplification. Next, the targeted viral 
gene will be extracted to undergo the PCR process. There are 
three highly conserved regions that have been found in the 
SARS-CoV-2 genome; RdRp (RNA‐dependant RNA polymerase), 
E (Envelope) and N (Nucleocapsid) genes as shown in Figure 
1. Generally, the molecular assays are a two-target system with 
one primer that universally detects variable virus including 
SARS-CoV-2 and the second primer exclusively detects SARS-
CoV-2. The RT-PCR standard process includes three main steps: 
collection of the sample, lysis and amplification. The process 
takes about 3 hr to complete and show results [10].

For a routine workup, it’s far endorsed to use a first line screening 
gene which is E gene, followed by a confirmatory RdRp gene [11]. 
A wide variety of RT-PCR primer and probe sets were authorized 
for SARS-CoV-2 detection through the Center of Disease Control 
(CDC) [10].

The whole genome structure of SARS‐CoV‐2 has helped the 
layout of specific primers and has introduced the best diagnostic 
protocols [2,12,13]. The high specificity and limited sensitivity 
of the spike region of SARS-CoV-2 using RT-PCR was first 
confirmed by many published reports [14]. Later, the sensitivity 
of this method became substantially stepped forward with the 
aid of using particular probes for the other viral‐specific genes, 
such as RdRp in the ORF1ab region, N and E genes. To avoid 
contamination with other human RNA and to prevent the 
potential genetic shift of SARS‐CoV‐2, two genetic targets 
should be involved in this assay: One nonspecific target to detect 
other coronaviruses, and one specific target for SARS‐CoV‐2. 
The most highly sensitive target is the RdRp gene according to the 
validation study carried out in about 30 European laboratories 
using synthetic nucleic acid technology [15].

A novel RT‐PCR assay has been proposed by Chen et al. in which 
a sequence of the RdRp/Hel could detect low viral COVID-19 
load in the upper respiratory tract, plasma and saliva samples 
without any cross‐reactivity with other common respiratory 
viruses [11,16]. Moreover, Peñarrubia et al. carried-out evaluation 
study to assess the effect of sensitivity on five different PCR based 
assays against the accumulated genetic variability of the SARS-
CoV-2 virus. It was found that targeting more than one viral gene 
is very essential to avoid false negative reports due to unknown 
mutation especially in the COVID-19 outbreak [17].

In addition, one of the state-of-the-art biosensing systems used 
in COVID diagnosis is an isothermal amplification‐based 
method such as the Loop‐Mediated Isothermal Amplification 
(LAMP) [18]. In this method, there is a production of many viral 
gene copies from a single fragment at a constant temperature 
compared to RT-PCR that use thermal cycler coupled with 
fluorimetry. LAMP can limit the false negative detection of 
unknown variants through the use of multiple primers. It is more 
specific and sensitive than RT-PCR although the LAMP method 
requires optimization of the reaction conditions that presents a 
major challenge [19].

Other nucleic acid-based assays (NGS, CRISPR, SHERLOCK): 
Since the coronavirus is RNA virus which makes up the most 
variation and is the principal cause of the most infectious disease 
including COVID-19, the novel RNA based technologies play 
an important role in tracing the infections [20,21]. Thus, there 
is an urgent need for such technologies like Next generation 
Gene Sequencing (NGS) to be applied in the research and 
the diagnostic field. Although this approach is less competent 
due to its high cost, it is crucial in finding the origin and the 
intermediate host of SARS-CoV-2, monitoring mutation and in 
subtype classification of emerging variants [22,23]. 

The Clustered Regularly Interspaced Short Palindromic 
Repeats (CRISPR) is one of the most revolutionary and genetic 
modification technique breakthroughs in science in which 
programmable nucleases enzyme (Cas9 protein) is used to predict 
off-target sites and to modify several genomic sites simultaneously 
(multiplexing) [24,25]. The RNA from Cas9 endonuclease and 
from the CRESPR which carries the complementary sequence 
will be recognized by the RNA transcripts containing the target 
sequence as shown in Figure 2. The formation of the later complex 

Figure 1: Diagram of coronavirus structure and its target. The virus 
consists of a single strand RNA that encodes all viral genes and 
structural proteins including Spikes glycoprotein (S), Nucleoprotein 
(N), Membrane protein (M) and Envelope protein (E). Some of 
subtypes also have Haemagglutinin-Esterase (HE) on their membrane.
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IgG antibodies and they found that these levels were significantly 
higher in severe infected patients than in mild to moderate 
COVID cases [32].

Different serological based tests are commercially available 
for COVID-19 detection such as flow immunoassay LFIA, 
Enzyme-Linked Immunoassay (ELISA) and Chemiluminescent 
Immunoassay (CLI) [33-35]. The host humoral response 
was triggered upon the Infection of SARS-CoV-2 ending in 
continuous production of a large number of specific antibodies; 
IgA, IgM, and IgG antibodies against SARS-CoV-2 [36,37]. These 
specific antibodies are more concentrated and last for a longer 
time than the viral antigen particles [32]. The LFIA principle 
based on the detection of the viral antigen once the antibody 
presents in the patient sample conjugated with the antigen in the 
manufactured kit and the results will be displayed within 5 to 15 
minutes [38]. Although there are a variety of manufactured LFIA 
assays with varying sensitivity, the only available assay that target 
the highly conserved nuclear region of SARS-CoV-2 and able to 
detect the antigens within 15 min with specificity of 99.5% is 
COVID-19 Ag Respi-Strip developed by Mertens and colleagues 
[39,40]. Furthermore, Stieber and his colleagues reported an 
LFIA based analyzer using fluorescent nanoparticles as a signal to 
detect COVID antigens with 100% specificity and sensitivity [41].

Another option for easy and less expensive antibody test is the 
ELISA. The higher reproductivity and optimal sensitivity of 
ELISA based methods is an excellent method to detect various 
infections including SARS-CoV-2 [35]. Due to the enzymatic 
reaction, ELISA enables the quantitative analysis of antigen 
antibody reaction [42]. Both ELISA and CLIA are carried out in 
microplate well. In ELISA the results are detected by change in a 
color while in CLIA the results are verified by production of light 
in chemiluminescence analyzer [33,34]. 

Table 1 elucidates the practical principles of the three most widely 
used serological assays: The Enzyme-Linked Immunosorbent 
Assay (ELISA), Chemiluminescence Immunoassay (CLIA) and 
Lateral Flow Immunoassay (LFIA).
Table 1: The practical principal differences between ELISA, CLIA and 
LFIA.

ELISA                    CLIA LFIA

Sample Blood Blood Blood

Analysis platform Microplate Microplate Paper based

Detection time 2-8 hr 0.5-2 hr 5-15 min

Operation process Complicated Relatively simple Simple

Reaction product Chromogenic Light Light

Commercial SARS-
CoV-2 Detection 

assays

(EDI™ Novel 
Coronavirus 
COVID-19 
ELISA Kit)

MAGLUMI 
IgG/IgM de 
2019-nCoV 

(CLIA)

COVID-19 Ag 
Respi-Strip

DISCUSSION 

Saliva is a reliable tool to detect SARS-CoV-2

Interestingly, saliva can be used as a specimen in molecular 

switches on the cleavage activity of the enzyme and detects the 
target RNA through emitting fluorescing signals [26,27]. 

A CRISPR-based diagnostic platform has been established 
recently to combine preamplified viral nucleic acid with CRISPR-
Cas9 enzyme for specific detection of desired DNA or RNA 
sequences. This platform is known as Specific High-Sensitivity 
Enzymatic Reporter Unlocking (SHERLOCK) [28]. 

The SHERLOCK procedure consists of two main steps: 
isothermal target nucleic acid amplification and CRISPR-Cas13 
nucleic acid detection. Cas13 will act as an enzyme that will carries 
multiple nonspecific cleavage sites after binding to a specific 
target. SHERLOCK will help in detecting genetic signatures 
of viruses without the need for complicated lab procedures. 
Another platform is SHERLOCK Testing in One Pot (STOP) 
which has been developed to combine extraction of viral RNA 
with isothermal amplification [29].

Serological testing for SARS-COV-2 detection

Although the molecular testing for COVID is considered as 
the gold standard, the diagnostic methods underlying the 
development of serological and immunological techniques is of 
a pressing need as an alternative. The production of antibodies 
against the SARS-CoV-2 serves as an immunity passport; in some 
countries; in which the individuals are assumed to be protected 
against reinfection. However, this plan may increase the risk of the 
disease transmission since till date no clear evidence supported 
the immunity protection from the previous infection.

A validation study carried out by Akyala et al. evaluated the 
diagnostic importance of different novel antibody based 
diagnostic tests (combined IgG and IgM test kits) from 134 
confirmed COVID health care workers by RT-PCR. Compared to 
RT-PCR., they found that, two types of the COVID-19, IgM-IgG 
combined antibody kits had low sensitivity, optimal sensitivity 
and above average accuracy. The study concluded that, the use of 
rapid diagnostic kits with remarkable sensitivity, specificity and 
accuracy is complementary to detecting and combating SARS-
CoV-2 infections [30].

A similar result of ideal analytical sensitivity and specificity was 
obtained by Fang and Meng in Sweden which is the minimum 
rate required to achieve a 90% or higher true positive rate [31]. 
In addition, the serology detection-based method reflects the 
severity of the patient’s symptoms unlike the results obtained 
from RT-PCR results. Yu et al. evaluated the level of IgM and 

Figure 2: CRISPR based RNA detection.
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and serological methods aiding in the battle against this life‐
threatening disease. According to study carried by Azzi et al. 
salivary samples of COVID-19 patients were successfully analyzed 
by RT‐PCR and the results were compared with their clinical and 
laboratory data. All the salivary samples were tested positive for 
the presence of SARS-CoV-2 confirming that saliva is an accurate 
tool to detect SARS-CoV-2 [43]. Same finding was obtained by a 
cohort study evaluated by To et al. and they assist the viral load in 
confirmed COVID patients using salivary swabs [44]. The major 
advantage of using saliva as a specimen to detect SARS‐CoV‐2 is 
the collection method. Compared to nasopharyngeal and throat 
collection swabs, saliva collection is a non‐invasive method which 
produces comfort to the patients and allow the patients to use 
home self‐sampling techniques. Increasing the active research for 
the detection of SARS-CoV-2 in the saliva samples is needed as it 
may provide an accurate and cost-effective test for fast and early 
detection of the disease [45,46]. 

CONCLUSION

Testing for SARS-CoV-2 of symptomatic patients is still crucial. 
Thus, early diagnosis of the disease using an accurate method will 
help contain the disease and prevent its transmission.

RT-PCR has the superior advantages over the serological method 
due to its capability to directly detect the viral genetic part without 
the need for secondary biomarkers like antigens or antibodies. 
Indeed, the serological based methods are immensely needed 
for its rapid and ease of use even though the antigen methods 
still under development and can fail in detection due to the 
continuously immerging variants. With technological invention, 
the accuracy and effectiveness of molecular and serological assays 
will carry on to tackle the SARS-CoV-2 infection. For the future 
workup, there is a need for collective efforts by researchers to 
develop portable harmless methods to detect accurately the 
SARS-CoV-2 variants. 
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