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Abstract
Background: The recent outbreak by a novel coronavirus originated from Wuhan, China in 2019, and is progressively spreading 
to other countries. Timely diagnosis of the coronavirus disease 2019 (COVID-19) improves the survival of the patients and also 
prevents the transmission of the infection. In this study, we reviewed the applicable and available methods for the diagnosis of 
COVID-19. 
Methods: For the review, we systematically searched Web of Science, PubMed, and Iranian articles that were published about 
COVID-19 diagnostic methods with a combination of the key terms: laboratory, radiological, tests, coronavirus. 
Results: Although the current gold standard diagnostic test for this virus is real-time reverse-transcriptase polymerase chain 
reaction (RT-PCR), the occasional false-negative and the low sensitivity of the test should not be underestimated. A chest computed 
tomography (CT) scan is another diagnostic test for COVID-19, with higher sensitivity but low specificity. A combination of 
sensitive RT-PCR with a chest CT scan together with the clinical features are highly recommended for the proper diagnosis. 
Notably, there are some other sensitive and low-cost tests for evaluation of COVID-19 infection, but their validation should be 
approved. 
Conclusion: Since early and accurate diagnosis of the viral disease could improve the survival rate of the patients, and halt the 
transmission chain, it is not surprising that tremendous attempts should be made to reduce the limitations of the tests leading to 
the false-negative results and to find a rapid test for the diagnosis of COVID-19. 
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Introduction
The outbreak of novel coronavirus (2019-nCov) started 
from Wuhan in Hubei province, China. From December 
2019 to of May 12, 2020, there were 4 256 583 confirmed 
cases of coronavirus disease 2019 (COVID-19) and 287 354 
deaths (https://www.worldometers.info/coronavirus/). 
The main diagnostic criteria for COVID-19 are (1) 
history of contact with patients, (2) positive nucleic acid 
test, (3) clinical symptoms like fever and cough, (4) lung 
lesions, and (5) laboratory findings.1 Koch’s postulates, 
immunological methods, protein microarray, and micro-
neutralization are considered to be conventional methods 
for virus detection.2 However, their lack of sensitivity and 
specificity leads to the urgent need for more valid, more 
reliable, as well as more rapid tests to properly diagnose 
the disease and prevent its spread.2,3 Also,confirmatory 
tests should be performed for differential diagnoses such 
as the respiratory syncytial virus, adenovirus, influenza, 

parainfluenza, as well as bacterial infections.4 In this 
study, we reviewed the acceptable and available, sensitive, 
specific and rapid paraclinical methods for diagnosis of 
COVID-19. 

Materials and Methods
For the review, we examined 60 published articles related 
to the diagnosis of 2019-nCov infection. The search 
process was performed in international medical databases, 
including ISI, PubMed, and Scopus, along with Iranian 
databases like SID. The search strategy was to include 
articles from 2019 (beginning of the coronavirus outbreak) 
or those articles about the virus detection-related methods 
of Middle East respiratory syndrome (MERS) and severe 
acute respiratory syndrome (SARS). The keywords for the 
search included ‘coronavirus’, ‘2019-nCov’, ‘COVID-19’, 
‘diagnosis’, ‘detection’, ‘test’, ‘laboratory’, ‘radiology’, 
‘sample’, ‘laboratory findings’. We included and evaluated 
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the studies of laboratory and radiological methods with 
the ascertained results along with reported sensitivity.

Results
Selected studies were investigated and, as will be shown in 
the following, various methods with different sensitivity 
were identified for diagnosis of COVID-19.

Molecular Methods
PCR-Based Methods
As the traditional and gold standard method, isolation 
of virus from infected samples as well as the detection 
of the viral genome are confirmative diagnostic methods 
for viral infections.5 Although a viral culture of infectious 
samples is the gold standard method for the laboratory-
based diagnosis of respiratory infections, the accuracy and 
sensitivity of this method for human coronaviruses are low 
due to the difficult growth of the virus in the cell culture 
conditions.6 Given this, it seems that the polymerase 
chain reaction (PCR)-based techniques, including reverse-
transcriptase (RT) PCR, nested PCR, real-time PCR, 
multiplex real-time RT-PCR and TaqMan-based real-
time RT-PCR could be more effective for the diagnosis 
of this virus, as these methods have been developed for 
compensating the lack of sensitivity and accuracy of the 
cell culture techniques.6-8

For the first time, 2019-nCov was discovered by 
metagenomic next generation sequencing (mNGS) and 
it was established that this virus belongs to the beta-
coronavirus group and is 79% similar to SARS.9,10 
Today, RT-PCR and mNGS are two common molecular 
diagnostic approaches for 2019-nCov.11 In RT, cDNA is 
synthesized from the extracted RNAs from the samples and 
then, in the presence of the designed and targeted primers 
for specific sequences (like 2019-nCov specific sequence), 
amplification of the designated sequence is accomplished 
by thermocycler.12 In order to confirm that the amplified 
products are the targeted sequence, gel electrophoresis 
or sequencing methods could be performed.13 Since RT-
PCR is a time-consuming and costly method, real-time 

RT-PCR can be used instead as a more sensitive and 
less expensive approach for quantitative detection of a 
designated sequence, in particular the viral genome of 
coronavirus.14 However, to improve the technique and to 
tackle some of the basic problems of real-time RT-PCR 
like genetic variation and contamination, which lead to 
the false-negative and false-positive results, modifications 
have been made for higher accuracy and sensitivity of 
coronavirus detection, including multiplex real-time and 
TaqMan-based real-time.14 The reported sensitivity of RT-
PCR for coronavirus detection is 71%–78% (Table 1)15,16 
and there are some reasons for the low efficiency of this 
method, like 1) low level of viral load in patients, 2) various 
detection rates of different manufacturers, 3) some errors 
in sampling, 4) variation of viral RNA sequence, and 5) 
limitation in the technology of nucleic acid detection.2,15 
The use of stable and protected RNA with a detection 
limit of 10 copies/microliter as an external positive control 
in real-time RT-PCR improves the accurate quantification 
of the coronavirus load in samples.17 Given the high rate of 
genetic variations in coronavirus leading to possible false-
negative results, multiplex real-time is required for sensitive 
detection of the virus.14 Also, the use of degenerated 
primers designed for pan-coronavirus allows the detection 
of all known and unknown types of coronaviruses through 
RT-PCR and subsequently, sequencing.6 TaqMan-based 
real-time can be performed for routine diagnosis of the 
human coronavirus.14 Moreover, a quantitative real-time 
PCR (qPCR), which was designed by 2 TaqMan probes 
instead of 1 probe, has been valuable and highly sensitive 
for SARS coronavirus diagnosis, even in the presence of 1 
copy of viral RNA.18 

Envelope (E) gene, RNA-dependent RNA polymerase 
(RdRp) gene, nucleoprotein (N) gene and open reading 
frame-1b (ORF-1b) from genome of 2019-nCov are 
targets of primer design and real-time RT-PCR for 
diagnosis and confirmation of the virus infection.5 

The Center for Disease Control (CDC) in the United 
States recommends to use the N gene for confirmation of 
COVID-19 and Lim et al in South Korea reported higher 

Table 1. Sensitivity and Positivity Rate of Main Tests of 2019-nCov and Their Sampling Considerations

Test Sensitivity (%)
Positivity 

Rate (%)23
Timing of Sampling37

Sample Storage 
Temperature Until Test 

(°C)37

Sample Shipment 
Temperature (°C)37

RT-PCR 71–78

Collect initialy on presentation. 
Repeat for monitoring of 

clearance 

Samples for RT-PCR

BAL 93

2–8

2-8 if ≤2 days 
–70 (dry ice) if >2 daysSputum 72

Swab 63
2-8 if ≤5 days

 –70 (dry ice) if >5 days

Serology 89
In first week of illness.

Second sample: 2-4 weeks later
2–8

2-8 if ≤5 days
 –70 (dry ice) if >5 days

CT Scan 97

RT-PCR-CT Scan combination 92

BAL,  Bronchoalveolar lavage; RT-PCR, reverse-transcriptase polymerase chain reaction; CT, computed tomography.
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reproducibility in real-time RT-PCR when targeting the 
N gene instead of RdRp. These findings ultimately led 
the World Health Organization (WHO) to announce the 
use of N gene in the confirmatory tests.19 Considering 
the necessity of early viral infection detection, Chu et 
al20 developed a 1-step quantitative real-time RT-PCR to 
detect two different regions of the 2019-nCov genome 
(N and ORF-1b). In addition to rapid virus detection, 
the authors also suggested that compared to ORF-1b, 
targeting the N gene led to 10-times higher sensitivity in 
positive samples.20 

The criteria for discontinuation of hospital quarantine 
are (1) normal temperature for at least consecutive 3 days, 
(2) treated respiratory symptoms, (3) no feature lesions on 
computed tomography (CT) scan, and (4) two consecutive 
negative RT-PCR tests.21 Lan et al reported that even 
though there were no clinical features of the disease or 
transmission of the virus to family members, the results of 
the RT-PCR test could be positive in patients recovering 
from COVID-19 for 5-13 days after hospital discharge, 
suggestive of the possibility of false-negative results of the 
previous tests.21 

The positive detection rate of 2019-nCov from a sample 
of sputum (as a sample from lower respiratory) by RT-
PCR is significantly more than samples of throat swabs.22 
Overall, the samples with the highest to lowest positive 
detection rate are as follows (1) bronchoalveolar lavage 
(BAL) fluid sample, (2) sputum, (3) nasopharynx swabs, 
(4) fibrobronchoscope brush biopsy, (5) oropharynx 
swabs, (6) feces, and (7) blood (Table 1).23 It is necessary to 
process the sample of sputum befor nucleic acid extraction 
due to the high viscosity, as presented by CDC.24 Moreover, 
it has been reported that a positive nucleic acid test on 
fecal sample could be indicative of lack of gastrointestinal 
symptoms.25

Isothermal Methods
Unlike real-time RT-PCR, there is no need for temperature 
control settings (e.g. thermocycler) for the isothermal 
molecular methods.11 CRISPR-based method and loop-
mediated isothermal amplification (LAMP) are two 
isothermal molecular techniques.

CRISPR-Based Method
Although the main aim of CRISPR is gene editing, the 
cleavage activities of Cas nuclease in rule-less and irregular 
manner results in the use of CRISPR/Cas technique in 
nucleic acid detection.11 Because of the global concern 
about the need for specific, sensitive and rapid diagnostic 
techniques, tremendous attention has been attracted by 
CRISPR-nCov, as this technique could detect as few as 10 
RNA copies/µL of 2019-nCov just within 40 minutes.11,26 
The sensitivity and speed of the technique will be 
increased by applying machine learning designing.26 Also, 
the technique should be considered for monitoring and 

coping with genetic variations in 2019-nCov.11

Loop-Mediated Isothermal Amplification
LAMP amplifies the DNA and RNA rapidly by at least 
4 different primes without requiring thermocycler and 
expensive reagents. Moreover, its products could be 
detected by UV light or DNA stains.14 Yu et al developed 
a LAMP-based method for detection of 2019-nCov using 
6 primers targeting the ORF1b region and by comparing 
the sequence of 11 related viruses, they reported a high 
specificity for the method in detecting the novel virus. The 
sensitivity of the method is comparable to TaqMan qPCR 
with a detection limit of 10 copies of 2019-nCov RNA.3

The sensitivity and detection rate of LAMP for 2019-
nCov are similar to conventional PCR.14 Poon et al declared 
that although false-positive results were observed in neither 
LAMP nor highly sensitive qPCR,27 the detection rate of 
qPCR was higher than LAMP within the first 3 days of 
disease onset.27 However, due to its low cost, LAMP is 
applicable in areas where specialized technologies are not 
available.3,14 In addition, LAMP as a point of care device 
could be utilized in outland regions like islands and cruise 
ship (e.g. Diamond Princess).28 Also, by using double-
strand DNA fluorescence dyes in the LAMP method, 
the real-time detection of amplicons can be feasible and 
through “sequence-specific LAMP-based method” specific 
signals could be separated from non-specific noise.14

Chest Computed Tomography Scan
In Hubei, increased and improved diagnosis of COVID-19 
was achieved with the introduction of chest CT scan 
parameters. Since many patients with respiratory disorders 
with pulmonary symptoms were waiting for the results of 
laboratory tests, CT scans became useful and applicable.29 
Chest CT scan has a critical role in COVID-19 diagnosis 
workup for suspected patients and can be used for 
screening patients with false-negative RT-PCR results.1,29 
At 9–13 days after the disease onset, the results of CT 
scan (multiple, bilateral lungs lesion with a peripheral and 
diffuse distribution like ground-glass opacity (GGO) or 
occasional consolidation with vascular enlargement and 
cobblestone/reticular pattern) would be intensified and 
would be indicative of the development of chest lesions.1,30 
It is worth mentioning that all of the indicated findings 
are not obvious in all patients.1,29-31 In the early stages 
of infection, CT findings can be absent or mild, leading 
to misdiagnosis.30 However, consolidation and vascular 
enlargement features, fibrosis, dilated bronchi with 
thickened wall, and the incidence of air-bronchogram are 
detected in all of the patients with progressed infection.1 
A high mortality rate is seen in those patients with a high 
rate of GGO and consolidation.32

Time course is an important factor in CT findings and 
it is demonstrated that finding will become more frequent 
with passing time.30,33 Additionally, the results of serial CT 
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scans showed that there is a progression in lung lessions 
and there will be a possibility for development of acute 
lung injury over time.30

There are some discrepancies between the CT scan 
and RT-PCR results. It is possible that patients with 
negative viral nucleic acid on two tests display significant 
changes on CT scan. On the contrary, even positive RT-
PCR results could be accompanied by the normal CT 
findings.1,29,33 Indeed, with greater spread of 2019-nCov, 
more results of RT-PCR analysis of infected persons 
would be negative.1 Given these, the changes observed on 
CT scan, especially in asymptomatic patients, make the 
CT scan more sensitive approach compared to RT-PCR, 
although the specificity of RT-PCR is higher than CT.1,29 
In a patient with a history of travel to endemic areas and 
contact with infected patients, CT scan along with RT-
PCR is considered to be an applicable screening method.29 
Therefore, CT scan findings have a critical role in the 
diagnosis of COVID-19 and should be considered to be 
the main method for the evaluation of the viral infection 
in endemic regions.1,30 

Combination of PCR and Chest CT Scan 
The higher sensitivity of 2019-nCov is provided by the 
combination of RT-PCR and CT scan. Whereas the 
sensitivity of RT-PCR alone is 78%, a combination of the 
test with CT scan has a sensitivity of 92% (Table 1). The 
results of the two methods are in good agreement, except 
in mild viral infection.16 

The low specificity of CT scan is troublesome in some 
cases, as it can not differentiate 2019-nCov from other 
pathogens. This lower sensitivity could be compenstated 
for through combining CT scan with a higher specificity 
technique, such as RT-PCR.16 The results of the meta-
analysis conducted by Vaseghi G and colleagues showed 
that the sensitivity of CT scan combined with positive 
RT-PCR is 97% for the diagnosis of 2019-nCov.34 
Moreover,The use of CT scan is highly recommended 
as a screening tool in those patints who have clinical 
and epidemiologic features compatible with 2019-nCov 
infection, but whose results of RT-PCR analysis are 
negative.15 

These results were further confirmed by a study 
performed on more than 1000 patients with the typical 
symptoms of 2019-nCov.35 This study hightlighted that 
the total positive rate of RT-PCR at initial presentation 
was about 59%. In this study, 97% of RT-PCR positive 
results were also positive for chest CT, and about 81% 
of the patients with negative RT-PCR/positive chest CT 
scans were finally re-classified as likely or probable cases 
of COVID-19 infected patients. This study suggested the 
nesseccity and higher sensitivity of the combination of 
exposure history, clinical symptoms, typical CT imaging 
features, and dynamic changes for diagnosis of COVID-19 
in patients with negative RT-PCR.35 

Serological Tests 
It is well-established that a rapid and accurate diagnostic 
test for detection of COVID-19 could halt the progression 
of the disease, as well as preventing its transmission.36 
Additionally, retrospective assessment and evaluation of the 
ongoing outbreak, especialy in negative RT-PCR results, 
is made possible by epidemiological studies.37 Serologic 
tests are quite appropriate for follow-up of individuals and 
identification of infection sources.38 

Immunoglobulin M (IgM), as one of the first immune 
responses, and IgG, as a long-term adaptive and strong 
immune response, can be evaluated for detection of viral 
infection. Both IgM and IgG increase in response to 
the 2019-nCov infection and are detectable 3–6, and 8 
days after virus onset, respectively. So, detection of IgM 
and IgG against 2019-nCov in human blood within 15 
minutes can diagnose the infection in different stages with 
89% and 91% sensitivity and specificity, respectively.36 
On average, 5.5 days after the onset of the symptoms, 
in which the results of the RT-PCR analysis could be 
negative, the detection efficiency of IgM is more than RT-
PCR, suggesting that the combination of IgM enzyme-
linked immunosorbent assay (ELISA) and RT-PCR results 
could be promising.39 The results from both serum and 
plasma samples of venous blood and finger-stick blood, 
which are used for this test, are similar.36

Other Suggested Methods
1.	 Fluorescence immunochromatographic assay 

(FICA) for detection of 2019-nCov antigens might 
be a valuable and simple method for rapid and 
accurate diagnosis. The results of measurement of 
the coronavirus nucleocapsid protein by FICA from 
nasopharyngeal swab and urine samples are in 100% 
accordance with RT-PCR.40

2.	 A combination of CT and fluorodeoxyglucose-
positron emission tomography (FDG-PET) can be 
used in the differential diagnosis of complex cases, but 
not as a routine test.41 

3.	 Mass spectrometry (MS) as the complement of next 
generation sequencing (NGS) is applicable for large 
scale screening evaluations of COVID-19. MS is a 
relatively simple method to perform with acceptable 
sensitivity.42

4.	 Deep machine learning models and artificial 
intelligence methods have been developed based on 
the results of CT scans, and recommended to be 
used for rapid and accurate identification of infection 
through specific and sensitive extracted radiological 
features.43,44

Other Laboratory Findings
There are some laboratory findings that could differentiate 
between COVID-19 and non-COVID-19 pneumonia, 
which are valuable for evaluating the patients’ prognosis 
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and outcome. Based on the complete blood count results, 
lymphopenia and thrombopenia are two common 
findings in both severe and non-severe COVID-19 
patients.45,46 The lymphopenia in COVID-19 patients 
was further evaluated by flowcytometry and significant 
low counts of CD4- and CD8-positive T-cells as well 
as CD19-positive B-cells were reported in COVID-19 
patients.46 Significantly higher levels of C-reactive protein, 
erythrocyte sedimentation rate and serum ferritin were 
also observed in COVID-19 in comparison with non-
COVID-19.45,46 Furthermore, eosinophil count, which is 
decreased in COVID-19, could differentiate this disease 
from other viral infections with higher sensitivity and 
specificity in comparison to lymphocyte count.47 The 
laboratory features affecting the survival of the patients 
are shown in Table 2.32 The elevation in serum levels of 
creatine phosphokinase (CPK), lactate dehydrogenase 
(LDH), D-dimer, creatinine, prothrombin time (PT) 
and aspartate aminotransferase/alanine aminotransferase 
(AST/ALT) are the parameters that could be associated 
with severe disease.4

Clinical Findings
The most common clinical findings of COVID-19 are 
fever, cough, fatigue, shortness of breath, muscle pain, 
diarrhea, expectoration, and anorexia.2,45 As shown 
in Table 2, some of the underlying diseases, such as 
hypertension and diabetes could increase the mortality 
rate of COVID-19.32

Concluding Remarks
Decision to perform the diagnostic methods are based 
on the epidemiological findings, such as contact with a 
patient, and the clinical features. Nucleic acid detection 
tests (RT-PCR) confirm COVID-19.37 Sensitive RT-PCR 
in combination with chest CT scan are the main applicable 

Table 2. Laboratory, CT Scan and Clinical Characteristics That Influence the 
Mortality of COVID-19*

Characteristics Parameter
Death by 

COVID-19
Survivors of 
COVID-19

Laboratory 

WBC count High Normal/low

Lymphocyte count Low Normal/high

D-dimer High Normal

Serum ferritin High Normal

Interleukin-6 High Normal

CT scan
Consolidation High stage Low stage/normal

GGO High stage Low stage/normal

Clinical

Blood pressure High Normal

Diabetes Seen Not seen

Coronary heart disease Seen Not seen

SOFA score High Low

SOFA, Sequential Organ Failure Assessment; CT, computed tomography; 
GGO, ground-glass opacity.
* These comparisons between death and survival are relative to each other.

and available methods for diagnosis of the disease. In the 
case of a negative RT-PCR result, repeating the test and 
considering other laboratory findings should be considered 
for accurate diagnosis. Detection of infectious clusters and 
following up the individuals can be the target of serologic 
tests and rapid methods like LAMP, especially in regions 
with lack of specific equipment. 

Conclusion
While the progress of 2019-nCov infection is shown 
a slowing trend in the mainland of China, new cases of 
COVID-19 are increasing in other countries. According 
to the WHO recommendations, all suspected cases 
should be tested in the countries dealing with clusters of 
infection. Early and accurate diagnosis of the viral disease 
not only cuts the transmission chain, but also reduces the 
epidemic. Given the fact that there is little knowledge 
about the possible factors affecting the proper diagnosis of 
COVID-19, it is not surprising if tremendous attempts are 
needed to reduce the limitations leading to false-negative 
results of RT-PCR. Moreover, it seems that the increase 
in the basic knowledge about immune response dynamic, 
optimum sampling time, the correlation between disease 
severity and viral load and the virus mutation monitoring 
could be indispensable for confronting this disease. 
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