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Diagnostic of COVID-19: Chest Computer Tomography or RT-PCR?
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In this review article, we presented a gold-standard method to detect the SARS-CoV-2, the novel virus 
that is causing the COVID-19 outbreak, and the use of a computer tomography (CT) method to detect 
the complications of the disease. We showed the controversial analysis about which method is the best 
to detect the disease earlier due to the COVID-19 complications. We searched the articles in the main 
database (PubMed/Medline, Elsevier Science Direct, Scopus, Isi Web of Science, Embase, Excerpta Medica, 
UptoDate, Lilacs, Novel Coronavirus Resource Directory from Elsevier), in the high-impact international 
scientific Journals (Scimago Journal and Country Rank - SJR - and Journal Citation Reports - JCR), such 
as The Lancet, Science, Nature, The New England Journal of Medicine, Physiological Reviews, Journal of 
the American Medical Association, Plos One, Journal of Clinical Investigation, and in the data from Center 
for Disease Control (CDC), National Institutes of Health (NIH), National Institute of Allergy and Infectious 
Diseases (NIAID) and World Health Organization (WHO). We prior selected meta-analysis, systematic 
reviews, article reviews, and original articles in this order. We reviewed 96 articles and used 45 from March 
to June 2020, using the terms coronavirus, SARS-CoV-2, novel coronavirus, Wuhan coronavirus, severe 
acute respiratory syndrome, 2019-nCoV, 2019 novel coronavirus, n-CoV-2, covid, n-SARS-2, COVID-19, 
corona virus, coronaviruses, RT-PCR, computer tomography (CT), diagnostic methods,  with the tools 
MeSH (Medical Subject Headings), AND, OR, and the characters [,“,; /., to ensure the best review topics. We 
concluded that chest CT plays an important role in the timely detection of lung infection abnormalities in the 
early phase of COVID-19 infection. However, the RT-PCR is the gold standard method to detect SARS-CoV-2.    
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Introduction

There is a current worldwide outbreak of a 
new type of coronavirus (2019-nCoV), which 
spreads to all over the world affecting 5,555,691 
people and killing 348,541 (May 25, 2020) [1, 
2]. On December 31, 2019, the China Health 
Authority reported the World Health Organization 
(WHO) to several cases of pneumonia of unknown 
reasons in Wuhan, Hubei province, China. The 
epidemiological evidence reveals that the cases 
originated from a seafood wholesale market in 
Wuhan, where poultry, snake, bats, and other live 
animals were on sale [3, 4]. The gene’s sequence 
of the virus was similar to that identified in bats 
[5, 6]. On January 7, 2020, this disease was found 
to be the cause of a new severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2; previously 
known as 2019-nCoV [7] and formally named by 
the World Committee on Virus Classification) [8]. 
At the beginning of February 2020, the disease 
caused by this virus was named as Coronavirus 
Disease 2019 (COVID-19) by the World Health 
Organization (WHO) [9].

As the virus spreads quickly around the world 
affecting the lives of all people, the diagnostics play 
an important role in the containment of COVID-19, 
due to enabling the rapid implementation of 
control measures that limit the spread through case 
identification, isolation, and contact tracing [10].

The symptoms of COVID-19 are nonspecific 
and cannot be used for an accurate diagnosis. Many 
of these symptoms could be associated with other 
respiratory infections, such as fever, cough, fatigue, 
sputum production, and shortness of breath [11]. 
So, the gold standard method for COVID-19 is RT-
PCR. However, this method brings some intrinsic 
problems and chest CT scans have been used for 
diagnosing and screening COVID-19. However, 
our question is about which one of these methods 
is the best for diagnostic COVID-19? ©    
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This review aimed to reproduce the recent studies 
about the diagnostic of COVID-19, elucidating 
the diagnostic performance measures, including 
predictive values, chest CT and initial reverse 
transcriptase-polymerase chain reaction (RT-PCR).

The RT-PCR for COVID-19

Genome Sequence (GenBank)
The development of molecular techniques is 

dependent upon understanding [12] the proteomic 
and genomic composition of the pathogen or the 
induction of changes in the expression of proteins/ 
genes in the host during and after infection [13]. 
The first genome sequence of SARS-CoV-2 was 
conducted with metagenomic RNA sequencing, 
an unbiased and high-throughput method of 
sequencing multiple genomes [14-17]. The 
sequence was done and added to the GenBank 
sequence repository on January 10, 2020 [15, 16].

Nucleic Acid Test for SARS-CoV-2

According Udugama and colleagues [14], 
nucleic acid testing is the primary method of 
diagnosing COVID-19 [18]. Several reverse 
transcription-polymerase chain reaction (RT-
PCR) kits have been designed to detect SARS-
CoV-2 genetically [14]. RT-PCR involves the 
reverse transcription of SARS-CoV-2 RNA into 
complementary DNA (cDNA) strands, followed 
by amplification of specific regions of the Cdna 
[19, 20]. The design process generally involves 
two main steps: 
1. The sequence alignment and primer design, and
2. Assay optimization and testing. 

Corman and colleagues [21] analyzed several 
SARS-related viral genome sequences to design 
a set of primers and probes. From SARS-related 
viral genomes, they found three regions that had 
conserved sequences: 
1. The RdRP gene (RNA-dependent RNA 

polymerase gene) in the open reading frame 
ORF1ab region; 

2. The E gene (envelope protein gene), and 
3. The N gene (nucleocapsid protein gene). Both 

the RdRP and E genes had high analytical 
sensitivity for detection (technical limit of 
detection of 3.6 and 3.9 copies per reaction), 
whereas the N gene provided poorer analytical 
sensitivity (8.3 copies per reaction) (Figure 1).

RT-PCR can be performed by one- or two-steps 
assay [14]: 
1. One-step assay: reverse transcription and 

PCR amplification are consolidated into one 
reaction. This assay format can provide rapid 
and reproducible results for high throughput 
analysis. But, the challenge is the difficulty 
in optimizing the reverse transcription and 
amplification steps as they occur simultaneously, 
which leads to lower target amplicon generation. 
The United States Centers for Disease Control 
and Prevention (CDC) uses a one-step real-time 
(RT-PCR) assay, which provides quantitative 
information on viral loads, to detect the presence 
of SARS-CoV-2 [22]. 

2. Two-step assay: This assay format is more 
sensitive than the one-step assay, but it is more time 
consuming and requires optimizing additional 
parameters. Lastly, controls need to be carefully 
selected to ensure the reliability of the assay and 
to identify experimental errors [23,24]. 

Figure 1. SARS-CoV-2 morphology and the 
proteins (conserved sequences).

Credit/Source: This illustration, created at the Centers for Disease 
Control and Prevention (CDC), reveals ultrastructural morphology 
exhibited by coronaviruses. The illness caused by this virus has been 
named coronavirus disease 2019 (COVID-19). (CDC Illustration).
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Workflow for Nucleic Acid Testing for SARS-
CoV-2 

The National Medical Products 
Administration (NMPA) has approved at least 
11 nucleic-acid-based methods and eight 
antibody detection kits in China for detecting 
SARS-CoV-2 [25]. 

Performance

The viral RNA is extracted and added to a 
master mix, which contains nuclease-free water, 
forward and reverse primers, a fluorophore-
quencher probe, and a reaction mix (consisting 
of reverse transcriptase, polymerase, 
magnesium, nucleotides, and additives) [14, 
18]. The master mix and extracted RNA are 
loaded into a PCR thermocycler, and the 
incubation temperatures are set to run the 
assay. The CDC has recommended cycling 
conditions for RT-PCR. During RT-PCR, 
the fluorophore-quencher probe is cleaved, 
generating a fluorescent signal. The fluorescent 
signal is detected by the thermocycler, and the 
amplification progress is recorded in real-time. 
This reaction takes ~45 min and can occur in 
a 96-well plate, where each well contains a 
different sample or control. There must be both 
a positive and negative control to interpret the 
final results properly when running RT-PCR. 
For SARS-CoV-2, the CDC provides a positive 
control sequence called nCoVPC [22].

Udugama and colleagues [14] listed many 
SARS-CoV-2 RT-PCR primers and probes from 
different research groups and agencies (Table 
1).

CT x RT-PCR

Molecular techniques are more appropriate 
than chest CT scans for accurate diagnoses 
for COVID-19 because they can target and 
identify specific pathogens. The RT-PCR is 
the gold-standard method to detect COVID-19 

[6]. However, the high false-negative rate, 
especially in the early stage of the outbreak, or 
because RT-PCR can be affected by low patient 
viral load and improper clinical sampling and 
transportation, and the lack of RT-PCR assay 
limited the timely diagnosis of infected patients 
[26-30]. Recent reviews showed that CT may 
have higher sensitivity (98%) of chest CT 
[31] for diagnosis of COVID-19 than initial 
RT-PCR [32,33], especially when the signs 
of COVID-19 pneumonia is present, such as 
ground-glass opacities (GGO) (presenting in 
100% of cases), GGO pattern, GGO location, 
consolidation, multilobe involvement, bilateral 
distribution, location of consolidation or GGO, 
pulmonary nodules surrounded by GGO, 
interlobular septal thickening, air bronchogram, 
halo sign, presence of cavitation, bronchial 
wall thickening, bronchiectasis, perilesional 
vessel diameter, lymphadenopathy (defined as 
lymph node with short-axis > 10mm), pleural 
and pericardial effusion. On chest CT, ground-
glass opacities (GGO) were present in 100% of 
patients with RT-PCR confirmed COVID-19 
(Figure 2) [34-37].

Thereby, CT has become an important imaging 
method for the early detection of patients with 
COVID-19 pneumonia [28, 34]. Nevertheless, 
the specificity of CT is low (56%) [31] due to the 
nonspecific findings of COVID-19 that overlap 
with those of other viral pneumonia, and the 
images cannot distinguish between COVID-19 
pneumonia and other viruses’ pneumonia [34, 
35]. Also, some patients present a positive RT-
PCR test for COVID-19 and normal CT, as well 
as early negative RT-PCR and positive CT for 
COVID-19 pneumonia [35, 37, 38].

There is a critical issue that the physicians have 
to consider: the large volume of workload for 
hospital staff and difficulties with disinfection 
procedures are non-negligible issues related to 
the widespread use of CT as a diagnostic tool for 
COVID-19. Recently, the Society of Thoracic 
Radiology and American Society of Emergency 
Radiology jointly released a position statement 
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according to which routine CT screening is 
not recommended for the diagnosis of patients 
under investigation for COVID-19 [37, 39, 40].

However, besides the specificity (56%) [31] 
and the described issues about chest CT in this 
review, this new diagnostic was included in 
the management of patients to ensure timely 
treatment and isolation measures due to the 
delays of RT-PCR testing and the large group 
of patients with respiratory symptoms by 
COVID-19 [18, 31, 36, 37]. So, a combination 
of chest CT and repeat RT-PCR testing may be 
beneficial for the diagnosis of COVID-19 in the 
setting of strong clinical suspicion [36].

Table 1. Primers for SARS-CoV-2 (PCR).

Credit/Source: Udugama and colleagues [14].

Discussion

Xie and colleagues [32] and Huang and 
colleagues [41] indicated that many positive 
cases for COVID-19 present initially negative 
RT-PCR tests, but lung abnormal lesions 
detected by chest CT. Fang and colleagues [33] 
found that 98% of the patients already presented 
positive CT pneumonia while 71% of the 
patients had initially positive RT-PCR results. 
They also demonstrated that the sensitivity of 
chest CT was higher than RT-PCR. Moreover, 
Ai and colleagues [34] concluded that chest 
CT had a high sensitivity for the diagnosis of 
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Figure 2. Chest CT scans presenting the spectrum of findings of COVID-19. 

Credit/Source: Adapted from Chate and colleagues (2020) [38]. A-F. Besides the Figure presents many findings of COVID-19 pneumonia, 
in all CT images the ground-glass opacities are present. 
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 Conclusion

We concluded that chest CT plays an 
important role in the timely detection of lung 
infection abnormalities in the early phase of 
COVID-19 infection. Concerning the diagnosis 
of COVID-19, a combination of RT-PCR 
screening and chest CT scanning in the highly 
suspected patients might be a complementary 
diagnostic for COVID-19. Nevertheless, RT-
PCR remains the reference standard for the 
final diagnosis of COVID-19 infection despite 
the false-negative rate. The physicians should 
be vigilant at all times to identify patients with 
COVID-19 infection, who may have few or no 
clinical symptoms, normal chest CT, and or even 
initial negative PR-PCT test. 
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