
Microbes and Infectious Diseases 2023; 4(3): 704-712 

Microbes and Infectious Diseases 

Journal homepage: https://mid.journals.ekb.eg/ 

   DOI: 10.21608/MID.2023.204730.1505 

* Corresponding author: Falah Hasan Obayes AL-Khikani 

 E-mail address: falahgh38@gmail.com 

© 2020 The author (s). Published by Zagazig University. This is an open access article under the CC BY 4.0  license https://creativecommons.org/licenses/by/4.0/.  

Review article 

A scoping review of SARS-CoV-2 diagnosis: current options and 

future aspects 

Falah Hasan Obayes AL-Khikani *1,2, Zaytoon Abdulridha Alkhafaji 1 
1-  Department of Microbiology, College of Medicine, University of Babylon, Hilla, Iraq 

2- Department of Microbiology, Al-Shomali General Hospital, Babylon Health Directorate, Babylon, Iraq 

Introduction

Early diagnosis and isolation of suspected 

patients with COVID-19 play a vital role in 

controlling this outbreak [1]. The specificity and 

sensitivity of various diagnostic procedures varies 

depending on the population and type of equipment 

used [2]. 

Epidemiological data, clinical symptoms, 

and some adjuvant technologies, such as nucleic 

acid detection and immunological tests, are utilized 

to make a COVID-19 diagnosis. In addition, high-

throughput equipment (biosafety level-3) is required 

for the isolation of SARS-CoV-2 to ensure worker 

safety [3]. 

Despite significant attempts to limit the 

illness, the virus has remained widespread, so quick 

and proper diagnosis is crucial. Individuals with new 

SARS-CoV-2 (or COVID19) have a wide range of 

symptoms, ranging from asymptomatic to acute 

respiratory distress syndrome and multi-organ 

failure [4]. As a result, diagnosing COVID-19 

accurately is difficult. COVID-19 is routinely 

diagnosed based on epidemiological history, clinical 

signs, and laboratory detection methods such as 
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Background: SARS-CoV-2 which causes COVID-19 can infect people with moderate 

to severe illnesses. In the months following the pandemic's initial detection in China in 

December 2019, it has quickly spread over the globe. The virus has continued to be 

prevalent in numerous countries with different mutated strains associated with variable 

degrees of clinical symptoms despite significant attempts to limit the disease. A 

coordinated strategy incorporating precise epidemiology, surveillance, prophylaxis, and 

surveillance is necessary to limit this pandemic. Therefore, accurate diagnosis utilizing 

quick technology is essential. The precise and timely diagnosis of SARS-CoV-2 is 

crucial for the efficient care and prevention of COVID-19 patients as well as to stop the 

transmission of the disease in light of the rising incidence of COVID-19 cases. The 

various diagnostic techniques for the diagnosis of COVID-19 infection in both clinical 

and research settings are described in the current review. This article specifically 

describes the technical and instrumental aspects of the diagnostic techniques employed. 

The diagnostic methods are all covered in updated and comprehensive detail. 
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nucleic acid amplification test (NAAT), and 

serological approaches [5]. 

Specimens such as nasopharyngeal and/or 

oropharyngeal swabs, bronchoalveolar lavage fluid, 

sputum, bronchial aspirate, or blood are typically 

advised for early screening or diagnosis of SARS-

CoV-2 infection [6]. For an accurate and timely 

identification of the causal agent, laboratory testing, 

in addition to clinical and epidemiological studies, 

is critical. This is also known to help with quarantine 

effectiveness [7]. 

The virus is spreading locally, but there is 

just a modest innate immune response. Nasal swabs 

can identify the virus at this stage. These people are 

infectious, even if their viral burden is low. The viral 

RNA RT-PCR result may be beneficial in predicting 

viral load, future infectivity, and clinical course. 

These investigations may be able to detect super 

spreaders. The sample collecting process would 

have to be standardized. Swabs from the nose may 

be more sensitive than swabs from the throat [8]. 

Overall, the scientific community has 

developed various approaches beneficial for 

appropriately detecting a suspected case of COVID-

19 infection in a short period of time. However, not 

only the test to be utilized, but also the patient's 

medical history, the timing of the suspected SARS-

CoV-2 exposure, the type of sample to be obtained 

and analyzed, and how to interpret the result are all 

factors to consider when diagnosing COVID-19. 

Only by combining all of these factors will it be 

feasible to make an accurate diagnosis and 

successfully control the COVID-19 pandemic [9, 

10]. 

The technical and practical components of 

the applied diagnostic approaches are specifically 

described in this article. All of the diagnostic 

techniques are addressed in depth and with the most 

recent information. 

Clinical presentation 

The majority of people infected with the 

virus will get a typical cold or flu such as fever, 

cough, myalgia, sore throat, anosmia, fatigue, 

headache, and chills; with only a few remaining 

asymptomatic. The condition will manifest itself in 

minor symptoms in 80% of patients [11]. A recent 

study of nearly 140 patients at Wuhan University's 

Zhongnan Hospital identified a variety of symptoms 

that led to the development of COVID-19. Nearly all 

of the patients developed a fever with an extremely 

high temperature, while more than half of the 

patients also experienced fatigue and a dry cough. A 

dry cough and trouble breathing affected one-third 

of the patients [12]. 

According to the Chinese CDC, around 

80% of coronavirus infections are light, 15% of 

patients have developed severe cases, and 5% of 

patients have been dangerously sick. A day-by-day 

analysis of coronavirus symptoms demonstrates 

how symptoms increase in average people and how 

COVID-19, the disease, progresses from poor to 

worse [13]. 

Day 1: The patient has fever, weariness, 

muscular discomfort, and a dry cough on the first 

day of the symptom. A few of them may have nausea 

and diarrhoea a few days before symptoms emerge. 

Day 5: Patients may experience breathing 

difficulties, particularly if they are old or have a 

medical condition. Day 7: These are the symptoms 

that led to the patient being admitted to the hospital, 

according to a Wuhan University research. Day 8: 

According to the Chinese CDC, 15% of patients get 

acute respiratory distress syndrome (ARDS), a 

disease in which fluid builds up in the lungs and is 

usually deadly. This is more common in severe 

situations. Day 10: As the illness progresses, the 

symptoms increase, and the patient is transferred to 

the intensive care unit (ICU). Patients with milder 

symptoms are more likely to experience stomach 

discomfort and hunger loss. The current mortality 

rate is around 2%. Day 17: Patients who recover are 

usually discharged from the hospital after two and a 

half weeks [11]. 

However, identifying symptoms in the 

early stages of an infection can be challenging [14]. 

For verified coronavirus disease 2019 cases, 

symptoms have varied from mild to severe sickness 

and death. COVID-19 emergency warning 

indications include constant discomfort or pressure 

in the chest, difficulty breathing, disorientation, and 

pale lips or face, all of which require rapid medical 

intervention. Pneumonia develops when the disease 

worsens [15]. Symptoms might develop as soon as 

three days after exposure or as late as 13 days later. 

According to new study, the incubation time is 

roughly five days on average [12]. 

Serological diagnosis 

One of the most significant diagnostic tools 

in disease monitoring is detecting Viral-specific 

antibodies in infected patients. Though RT-qPCR is 

the most widely used method for diagnosing SARS-

CoV-2 active patients, viral RNA becomes nearly 
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undetectable 14 days after infection [16]; moreover, 

false-negative findings might occur owing to 

inappropriate viral sample handling. These 

difficulties necessitate the development of simple 

test kits that identify human antibodies produced in 

response to viral infection. The detection of 

antibodies generated in response to viral infection 

(IgG and IgM) and/or viral antigen using enzyme-

linked immunosorbent assays is the basic premise 

underpinning antibody-based immunodiagnostic 

(ELISA). 

Antigen-specific antibodies can be 

discovered in a patient after 3 to 6 days, while IgG 

can be detected later in an infection, according to 

studies [16]. These assays may be used to offer 

information on both present and previous illnesses, 

and they can be scaled up to evaluate thousands of 

samples in labs with limited resources. It may also 

be used in disease monitoring programs to have a 

better knowledge of the infection rate in the 

community. Although serological assays may detect 

both ongoing and previous infections, their 

effectiveness in verifying SARS-CoV-2-specific 

antibody responses to detect past infections is well 

established [16,17]. 

A study in China found that the titer of 

virus-specific antibodies in asymptomatic COVID-

19 patients is much lower than in symptomatic 

COVID-19 patients [18]. The average time it took to 

identify IgM and IgA antibodies in symptomatic 

COVID-19 patients was 5 days, and 14 days for IgG. 

After 5.5 days of symptom onset, IgM ELISA had a 

greater detection efficiency than RT-qPCR [19]. 

The presence of IgM antibodies implies current viral 

infection, whereas the presence of IgG antibodies 

indicates past SARS-CoV-2 infection. As a result, 

immunodiagnostic tests are also crucial for the 

development of COVID-19 vaccines [7]. 

There have been reports of a wide variety 

of virus-neutralizing antibodies, and new research 

shows that they may correspond with the severity of 

disease but fade with time [20,22].  

Quick antigenic and rapid antibody tests 

are faster than RT-PCR-based procedures, with 

execution durations of 15-30 minutes, a cheaper 

cost, and a simpler approach [23]. 

The low viral load and low antibody 

response observed in some patients are primarily 

responsible for the low sensitivity and high false-

negative results; however, as previously stated the 

likelihood of obtaining a positive test is also 

dependent on the time of the presumed infection and 

the test execution time. Indeed, while viral antigens 

can be identified in samples within a short period of 

time following infection, their longevity and 

stability in biological samples are restricted, making 

it difficult to appropriately identify these proteins 

[24]. 

Rapid antibody tests, meanwhile, are 

primarily intended to detect IgM and IgG antibodies, 

which are not created by the body right away but 

begin to appear in the bloodstream during the third 

week of a suspected infection. As a result, 

depending on the period of the suspected infection, 

it's critical to employ the most appropriate test. 

Recently, it has been recommended to employ quick 

testing for the identification of IgA to speed up the 

diagnosis of COVID-19 infection [25,26]. 

Radiological findings 

Radiological investigations help clinicians 

to correctly diagnose COVID-19 infection in the 

suspicious case of pneumonia. Chest X-ray (CXR) 

and computed tomography (CT) are the most 

powerful radiological imaging tools for diagnosing 

COVID-19 pneumonia [27] 

Chest X-ray 

In the early stages of the disease, a chest X-

ray is frequently inconclusive and may not reveal 

any major alterations. Bilateral multifocal alveolar 

opacities develop as the infection advances, which 

may be coupled with pleural effusion [28]. CXR is 

commonly used to diagnose pulmonary 

abnormalities after lung damage caused by 

infectious or cancerous disorders [29-30]. CXR was 

frequently employed to detect multifocal opacities 

affecting mostly the lung interstitial space and 

alveoli in patients with COVID-19-related 

symptomatology during the initial phase of the 

COVID-19 epidemic [31]. 

CXR is mostly used for patients with 

moderate to severe symptomatology who are 

suspected of COVID-19 infection and have 

interstitial opacities (71.7%) or alveolar opacities 

(60.5%), which typically involve both lungs 

(64.5%) [32]. These radiological abnormalities 

worsen with time as symptoms worsen, and they are 

most commonly seen in older individuals with 

preexisting pulmonary parenchyma changes (such 

as patients with chronic obstructive pulmonary 

disease) who have both bilateral interstitial and 

alveolar opacities [33]. 
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Computed tomography 

CT Even in the early stages of the disease, 

high-resolution CT (HRCT) is the tool of choice for 

detecting COVID-19 pneumonia. Multifocal 

bilateral 'ground-glass' regions associated with 

consolidation and a patchy peripheral distribution, 

with increased involvement of the lower lobes, are 

the most typical signs. A reversed halo sign,' defined 

as a central region of patchy opacities surrounded by 

a peripheral ring with consolidation, is also present 

in certain cases. Pleural effusion, cavitation, 

calcification, and lymphadenopathy are among the 

other findings [28]. 

One of the earliest live imaging tools for 

detecting pneumonia-related infections is chest 

computed tomography (CT). It has previously been 

frequently utilized to detect lung anomalies in SARS 

and MERS, and has been proven to be more 

sensitive than X-rays [34]. The approach has 

recently been used in hospitals for the diagnosis of 

COVID-19. The approach, however, has its own set 

of constraints. For example, chest radiography had a 

sensitivity of 69 % in a retrospective study of 64 

patients in Hong Kong, compared to 91 % in RT-

PCR. On a chest radiograph, 20% of the RT-PCR 

positive subjects did not reveal any lung 

abnormalities [35]. 

In another research, 75 % of RT-PCR 

negative patients had chest CT abnormalities, with 

48 % of them expected to be COVID19 positive (Ai 

et al., 2020). Furthermore, because it can overlap 

with other illnesses including influenza, SARS, and 

MERS, chest computed tomography alone could 

result in false positive results. In light of these 

considerations, the majority of health 

commissioners have lately dropped chest CT 

scanning as diagnostic criteria for suspected 

COVID-19 cases. However, employing a 

combination of chest CT scans and RT-PCR 

methods, these diagnostic uncertainties can be 

efficiently resolved. Furthermore, chest CT imaging 

might be beneficial in clinical settings for 

monitoring COVID-19 development and therapy 

impact [7]. 

Despite the inexpensive cost and quick 

radiological results achieved by CRX, some lung 

abnormalities are not clearly apparent by this 

method. As a result, in addition to CRX, CT scan is 

commonly used to better visualize lung 

abnormalities, which are mostly characterized by 

bilateral interstitial ground-glass opacities. The CT 

scan, in particular, has a high resolution power and 

a sensitivity of 95-100 %, but the specificity is 

limited since this technology does not allow for the 

differentiation of pulmonary abnormalities 

associated with various etiological agents other than 

SARS-CoV-2 [36]. 

Molecular diagnosis 

Since viraemia is typically detected early in 

the course of an illness, nucleic acid amplification 

tests (NAAT) are the most sensitive assays and 

frequently used test to identify early viral infections. 

Many NAAT techniques, including reverse 

transcription real-time PCR (RT-qPCR), loop-

mediated isothermal amplification-based assay (RT-

LAMP), microarray, and high-throughput 

sequencing, have been developed for the quick and 

accurate diagnosis of COVID-19. On the other hand, 

SARS-CoV-2 RNA of the highest caliber is needed 

for NAAT. As advised by the WHO and CDC, 

probe-based RT-qPCR has long been considered the 

gold standard method for identifying SARS-CoV-2 

and is currently one of the most widely used assays 

for population screening in many countries [37-38] 

Several RT-qPCR techniques were 

employed after the initial epidemic to locate SARS-

CoV-2 in clinical samples. RT-qPCR experiments 

were used to target the RNA dependent RNA 

polymerase (RdRp), nucleocapsid (N), envelope 

(E), spike (S), and ORF1b or ORF8 regions of the 

SARS-CoV-2 genome [39]. The WHO recommends 

employing an RT-qPCR-based assay targeting the E 

gene for SARS-CoV-2 screening, followed by a 

confirmatory test targeting the RdRp gene. The 

CDC advised utilizing an RT-qPCR test that used 

the N1 and N2 nucleocapsid protein genes [40]. 

The upper respiratory tract is sampled 

using nasopharyngeal and oropharyngeal swabs, 

while the lower respiratory tract is sampled using 

expectorated sputum and bronchoalveolar lavage 

(only for mechanically ventilated patients). The 

samples are delivered to the laboratory after being 

kept at 4°C for amplification of the viral genetic 

material via a reverse-transcription procedure. This 

entails either reversetranscription PCR (RT-PCR) or 

real-time RT-PCR to create a double-stranded DNA 

molecule from the existing viral RNA [41]. 

In situations of a positive test, the test 

should be repeated for confirmation, as well as to 

confirm viral clearance in COVID19 positive 

patients. The sensitivity of these tests is low in the 

early infection; for example, 53.3 % of COVID-19-
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confirmed patients had positive oropharyngeal 

swabs, and 71 % of COVID-19-confirmed patients 

had positive RT-PCR results with sputum samples 

[42]. After 2–8 days, the RT-PCR findings are 

frequently positive [43]. 

For a mean of 17 days, reverse 

transcription polymerase chain reaction (RT-PCR) 

tests can detect viral SARS-CoV-2 RNA in the 

upper respiratory tract; however, detection of viral 

RNA does not always imply infectiousness, and 

viral culture from PCR positive upper respiratory 

tract samples has only been positive once beyond 

nine days of illness [44]. 

The gold standard approaches for making a 

confirmed diagnosis of COVID-19 infection are RT-

PCR-based molecular assays [45]. Since the 

complete sequencing of the SARS-CoV-2 genome 

[46], researchers from various countries have started 

developing molecular primers and probes specific to 

SARS-CoV-2 RNA sequences in order to 

distinguish COVID-19 infections from other 

pathologies with similar symptoms, such as seasonal 

flu or bacterial infections [47-50]. 

Because of the low sensitivity of the 

primers and probes used, or the inaccuracy of the 

entire RT-PCR procedure, a significant fraction of 

COVID-19-positive patients were identified as 

false-negative during the early stages of the 

pandemic, when diagnostic techniques had not yet 

been optimized and standardized (false-negative 

rates ranging from 38 % at the day of symptom onset 

to 67 % before one day from the onset of symptoms 

[51]. 

Viral culture and electron microscopy 

Viral culture has represented the 

fundamental method that allows the identification of 

SARS-CoV-2 as a novel causative agent of human 

pneumonia [52]. Despite the difficulty of obtaining 

a viral culture in vitro and the length of time 

required, viral isolates constitute a watershed 

moment in the identification of new viral infections 

[53]. In the case of SARS-CoV-2 infection, viral 

culture was critical in the early stages of the 

outbreak before alternative diagnostic tests were 

developed. 

Zhu and his colleagues, 2020 were the 

first to isolate SARS-CoV-2 virus isolates from 

clinical material and use transmission electron 

microscopy to investigate cytopathic effects. After 

this study, additional research groups isolated 

SARS-CoV-2 with the goal of studying its structural 

properties and molecular interaction with infected 

cells [54]. Other cell lines, such as the Vero and 

LLC-MK2 cell lines, have been used for these 

purposes; using electron microscopy and cells 

infected with clinical specimens obtained from 

COVID-19 patients, it was possible to identify the 

virus's ultrastructural details, the virus's interaction 

with cells, and the resulting cytopathic effects [55]. 

It's worth noting that electron microscopy 

was one of the first approaches for discovering new 

diseases, allowing structural traits to be identified. 

Solid-phase immune electron microscopy (SPIEM) 

and immunolabeling electron microscopy (IEM), 

which are based on the observation of cells blocked 

in the surface of a grid and the observation of 

antibody-antigen complex occurring in infected 

cells, respectively, are the two main applications of 

electron microscopy in viral infections [56]. 

In general, viral culture and electron 

microscopy are crucial approaches for observing the 

virus's main properties. These two approaches were 

used to identify the usual structure of coronaviruses, 

which is characterized by a nucleocapsid encased 

inside a crown-like envelope made up of spike 

proteins in the case of SARS-CoV-2. In terms of 

cytopathic consequences, both approaches showed a 

wide spectrum of cellular changes, the most 

prominent of which was the creation of plaques with 

a net-like structure or joined cells. Deformed cilia 

with a granular structure and disorganized polarity 

are also observed in these plaques, which are made 

up of multinucleated syncytial cells. Double-

membrane vesicles and damaged mitochondria were 

also seen in SARS-CoV-2-infected cells. Finally, 

viral infections caused the endoplasmic reticulum to 

expand and the number of secretory vesicles to grow 

[55]. 

Despite their relevance, both viral culture 

and electron microscopy have drawbacks that 

restrict their application in therapeutic settings. 

Viral culture is time-consuming and needs 

specialized equipment as well as a high level of 

biosecurity. As a result, the CDC recommends using 

SARS-CoV-2 virus culture only in laboratories with 

level 3 biosafety cabinets for research purposes [57]. 

Electron microscopy, on the other hand, is not 

frequently utilized since it needs expensive gear and 

highly educated workers with particular abilities in 

sample preparation and image interpretation. 

Furthermore, this method has a limited diagnostic 

sensitivity and specificity, and the best findings can 
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only be achieved if adequate viral cultures are 

available [46, 57]. 

Conclusions 

There are three main concerns in the 

diagnosis of COVID-19: reducing the number of 

false negatives by detecting small amounts of viral 

RNA by PCR; avoiding the number of false 

positives by correctly distinguishing positive signals 

from different pathogens; and capacity for testing a 

large number of samples quickly and accurately. 

Finding antibodies against a virus in 

infected people is one of the most important 

diagnostic techniques in disease surveillance. 

Although RT-qPCR is the most popular technique 

for identifying SARS-CoV-2 active patients, viral 

RNA almost disappears 14 days after infection, and 

improper viral sample processing may result in 

false-negative results. Due to these challenges, 

straightforward test kits that can detect human 

antibodies produced in response to viral infection 

are urgently needed. The fundamental idea behind 

antibody-based immunodiagnosis is the use of 

enzyme-linked immunosorbent assays to identify 

antibodies (IgG and IgM) produced in response to 

viral infection and/or viral antigen (ELISA). 

RT-PCR which has drawbacks such the 

requirement for costly equipment, skilled workers, 

and poor sensitivity and accuracy. Numerous 

serological, fast antigen and biosensor-based assays 

have been authorized for the detection of SARS-

CoV-2. Technologies for accurate, specific and 

sensitive detection of SARS-CoV-2 are being 

developed and include improved nucleic acid based 

methods like NASBA and RT-LAMP, CRISPR-Cas 

and its variations, nanobodies based LFA, SPR 

assays, paper assays, semiconductors based binding 

assays, use of aptamers functionalized with quantum 

dots and employing functionalized nanostructures in 

order to improve the sensitivity of PCR based 

methods. Diagnosis will be increasingly prevalent in 

the future, particularly in the event of global 

pandemics like COVID-19, thanks to the 

combination of cutting-edge molecular diagnostics, 

artificial intelligence, and LFAs. 
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