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Abstract: Coronavirus disease 2019 (COVID-19) caused a fatal pandemic worldwide. This review 
aims to discuss laboratory, molecular, and serological methods and their advantages and 
disadvantages over each other in COVID-19 diagnosis. Moreover, computed tomography (CT) scan, 
that is used on suspicion of COVID-19 pneumonia and for determining the severity and progression 
of the disease, is also discussed. Different CT features categorize the patients into low to high-risk 
groups. Here, we described three kinds of CT classification based on CT patterns within different 
time courses of the disease. Chest CT imaging should be considered for screening, evaluating, and 
following up COVID-19 due to its high sensitivity. Approximately, shortly after the onset of 
symptoms, viral load can be diagnosed by real-time PCR technique through bronchoalveolar lavage, 
nasopharyngeal and/or oropharyngeal swab sampling. Proper sampling may delineate the result of 
this test. Although RT-PCR assay is currently considered the gold standard test, false-negative results 
should be considered. Furthermore, a positive test may indicate the infection with SARS-CoV-2, but 
not necessarily the disease, and the person may be a carrier or other organs may be involved other 
than the lungs. In contrast to CT imaging, RT-PCR assay has poor sensitivity, but it helps the 
decision-making on hospitalization and isolation. The emergence of reliable serological tests has 
promoted the diagnosis, treatment process, chronic or carrier status of an individual, and 
epidemiological studies. In addition, an earlier and more accurate diagnosis will be provided for 
asymptomatic or susceptible individuals. 

Keywords: COVID-19; CT-scan; laboratory findings; real-time PCR; serological test 

 

1. Introduction 

The first cases of coronavirus infection disease 2019 (COVID-19) presented with pneumonia 
were reported in December 2019, in Wuhan, China [1]. This unprecedented disease is a highly 
contagious infectious disease that causes inflammation, especially in the respiratory system. The 
incubation period of severe acute corona virus-2 (SARS-CoV-2) until the emergence of symptoms is 
approximately 5.2 days [2,3]. Typical symptoms of COVID-19 include fever, cough, fatigue, and 
dyspnea. However, some patients may present with symptoms, such as sputum production, headache, 
hemoptysis, diarrhea, and vomiting [4–6]. It is of note, esophageal epithelial cells and absorptive 
enterocytes of ileum and colon are possible targets of COVID-19. Gastrointestinal symptoms such as 
diarrhea and vomiting have been observed in patients with COVID-19. However, few data are 
available for the gastrointestinal manifestations of COVID-19 [7]. Since two-thirds of patients with 
COVID-19 were positive for SARS-CoV-2 RNA in stool samples and viral shedding might take 
more than a month, the risk of fecal transmission should also be considered [8]. In addition, 
urogenital manifestations of COVID-19 may be observed. In particular, the elderly with chronic 
kidney disease are at high risk of severe infection and high mortality, thus monitoring the kidney 
function of patients with severe COVID-19 is recommended [4]. Age range of patients was very 
diverse but for most patients aged between 35 and 55 years and fewer cases among children and 
infants, and most of them were men [9]. 

The laboratory tests almost showed leukopenia (2.9 × 109 cells/L) of which 70% were 
neutrophils. Additionally, high levels of blood C-reactive protein (CRP), erythrocyte sedimentation 
rate (ESR), and D-dimer were evident [10]. Diagnosis of COVID-19 relies on both clinical and 
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para-clinical findings such as fever, decrease in lymphocytes and white blood cells, pulmonary 
infiltration on chest radiography, and no improvement in symptoms after 3 days of antibiotic 
consumption [11]. For suspected patients, real-time polymerase-chain-reaction (RT-PCR) should be 
performed to detect the positive nucleic acid of SARS-CoV-2 in sputum, throat swabs, and secretions 
of the lower respiratory tract samples [12]. Chest imaging can be used both for diagnosis of 
pneumonia and documentation of the lesion extension and follow-up changes. Ground-glass  
opacity (GGO) in the computed tomography (CT) images of patients with COVID-19 may not be 
visible on lain radiographs. Currently, according to the latest approved sources, RT-PCR test is the 
gold standard test for the diagnosis of COVID-19. However, owing to the limited sensitivity and 
specificity, the use of other laboratory parameters and serological tests, as well as CT imaging of 
lung are helpful where the results of molecular tests do not match with clinical manifestation [13,14]. 
Regarding the importance of these methods, this review aims to compare the features of the currently 
used diagnostic methods and their advantages and disadvantages over each other in the diagnosis of 
COVID-19. 

2. Principle and implication of the current diagnostic methods for COVID-19 

2.1. Real-time polymerase chain reaction (RT-PCR) 

Coronaviruses are a family of RNA viruses containing positive-sense single-stranded RNA of 
almost up to 32kb (Figure 1) [15,16]. The viral genome of SARS-CoV-2 sequence was publicly 
released by NCBI with GenBank accession number NC-045512.2 [17] and the community online 
resource virological.org on 10 January (Wuhan-Hu-1, GenBank accession number MN908947) [18], 
followed by four other new genomes deposited on 12 January in GISAID platform [19]. The genome 
is arranged in the order of 5’-replicase (ORF1a/b)-S-E-Membrane-N-poly(A)-3’ [20]. Based on the 
available genome sequence, the RT-PCR assays can target RdRP, ORF1a/b, ORF1b-nsp14, E, N, and 
S genes of SARS-CoV-2 [15,21]. 

 

Figure 1. Schematic representation of the structure of SARS-CoV-2. (A) The genome 
size of SARS-CoV-2 is approximately 30Kb in length with a 5’-cap structure and 
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3’-poly-A tail. The single-stranded RNA genome of SARS-CoV-2 encodes two main 
genes, the ORF1a and ORF1b genes, which encode 16 non-structural proteins 
(nsp1–nsp16). (B) The genes encode the structural proteins comprised of spike (S), 
envelope (E), membrane (M), and nucleocapsid (N). 

The presence of each of these genes using RT-PCR assay by nucleic acid amplification test of 
the nasopharyngeal (NP) and oropharyngeal (OP), Broncho alveolar lavage fluids (BALF), and other 
samples corroborates the presence of COVID-19 in patients. In general, 5–6 days after the onset of 
symptoms, viral load in respiratory tract is quite enough or sometimes at the highest level for 
detecting by molecular technique. Although BALF is more sensitive, NP and/or OP swabs are 
recommended for screening due to the invasiveness of the technique. In this regard, OP swabs are 
more used during outbreak but studies showed RNA was detected only in 32% of OP whereas in NP 
the detecting rate was 63% .If NP swab elicits tear, the swab hits the target site properly; likewise, 
proper OP swab sampling elicits gag reflex. The swab should also be made from non-toxic fiber such 
as polyester as well as nylon handles. The scarcity of personal protective equipment (PPE) may be 
also a limiting factor for getting proper samples. The importance of bronchoscopy in suspected 
COVID-19 patients with pneumonia and negative RT-PCR is under debate. The high clinical 
sensitivity (more than 90% positivity) in patients with COVID-19 has been reported in the recent 
investigations that presented BALF as one the best specimens for the final decision [22]. Based on 
guidelines, bronchoscopy is contradictory due to the high risk of spreading the virus during to 
sampling procedure. Bronchoscopy is recommended in conditions such as strong suspicion of mucus 
plugging, superinfection in immunocompromised patients, or in life-saving situations; however, it is 
not included in COVID-19 diagnostic guidelines [22–24]. 

Whether the sensitivity of RT-PCR test itself or the technique of taking a sample is not high 
enough remains debating. Although the clinical specificity of molecular tests for the SARS-CoV-2 
sequence is high, current reports indicate a clinical sensitivity about 60–70% of patients in the best 
sampling conditions as well as standard pre-analytical processes such as RNA extraction and cDNA 
synthesis. A reason for this limitation is the time of sampling and copy number of the virus after the 
onset of clinical symptoms. The highest clinical sensitivity is associated with sampling up to one 
week after the onset of clinical symptoms [25,26]. 

However, RT-PCR has some restrictions in performance: (1) insufficient sample loading results 
in false-negative results due to low detection rate, (2) results are based on positive and      
negative results; therefore, the severity of infection, lung involvement, and progression cannot be 
determined, (3) lack of detection kits and reagents hinder the diagnosis process and prevent the rapid 
detection, (4) a prolonged lab performance at least 1 day of work may waste time, (5) errors made by 
lab professionals during test performance can lead to false-positive or negative results [27,28]. 

Despite the well-performance of CT imaging for COVID-19 diagnosis, the infection must be 
confirmed by RT-PCR or gene sequencing of isolated samples [15]. Here, we discuss the recent 
findings in RT-PCR for patients who had different CT manifestations at the initial COVID-19 
development. Chun et al. reported that chest CT imaging of 3/21 (14%) symptomatic patients 
showed no abnormal CT manifestations at initial examination, which might be positive in terms of 
RT-PCR [29]. Similarly, Bernheim et al. evaluated 121 symptomatic patients with COVID-19 after 
the symptom onset (0–2 days). They found that 20/36 (56%) patients had normal CT features [30]. 
Fang et al. reported that 36/51 patients were positive RT-PCR for COVID-19 after initial onset,   
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and 3/51 had positive RT-PCR after 2–7 days from the symptom onset [28]. Further, Ai et al. 
reported that 580 (96%) of 601 patients with positive RT-PCR had abnormal CT manifestations, and 
308 (75%) of 413 patients with negative RT-PCR had variation in their CT imaging. As such, 
findings revealed that 21 (3%) of 601 positive RT-PCR cases with clinical symptoms had normal CT 
features after the onset of the disease [15]. Consistent with these data, Xie et al. demonstrated    
that 5 (3%) of 167 patients with initial negative RT-PCR results had abnormal chest CT features [31]. 
Recently, a group of researchers assessed a novel RT-PCR assay targeting different regions of 
RNA-dependent RNA polymerase (RdRp)/helicase (Hel), S, and N genes, and compared their 
outcomes with targeting the region of RdRp-P2 in SARS-CoV-2. Amongst 273 samples isolated 
from 15 cases, 77 (28.2%) were positive for the RdRp-P2 assay, whereas all of these 77 samples 
were positive for the novel COVID-2019-RdRp/Hel assay. These findings highlight the high 
accuracy and sensitivity of RdRp/Hel assay for the detection of SARS-CoV-2 RNA in suspected 
patients [32]. In addition, based on suggested protocols, CT imaging of lungs is very helpful for 
managing inpatients with negative RT-PCR results and high clinical suspicion of COVID-19 [33]. 

Taken together, although viral nucleic acid test by RT-PCR assay plays a central role in 
COVID-19 diagnosis, several cases with false-negative RT-PCR results were reported in the early 
stages of the infection. Definite cases are identified with RT-PCR assay, so a positive test may 
indicate the infection with SARS-CoV-2, but not necessarily the disease and the person may not be 
counted as a patient with lung manifestations, in turn, he/she may be a carrier or other organs may be 
involved except the lungs. In other words, compatible CT in the presence of negative RT-PCR result 
cannot rule out the disease. Accordingly, a positive nucleic acid test by RT-PCR assay has a 
prominent effect on whether the patient be hospitalized and isolated. However, the paucity of 
sensitivity, inadequate stability, and rather a long period of a procedure are the limitations of this 
method. 

2.2. Laboratory tests 

Clinical laboratories are central healthcare systems providing a diverse range of laboratory 
methods form the biological specimens of patients, which assist the healthcare professionals such as 
physicians in terms of diagnosis, treatment, and management of diseases. Sometimes, the 
interpretation of laboratory test results may be challenging and lead the healthcare technician to an 
unjustified decision [34]. These misinterpretations of test results may have several destructive 
outcomes because many lab results are found with minor deviations and insignificant abnormalities 
compared to control tests. Laboratory tests should prominently be considered in a manner consistent 
with early diagnosis, prevention, management, treatment follow-up, and disease progression [35]. 
Therefore, the evidence-based recommendations for the evaluation of new tests, especially in 
COVID-19, are required to use them in clinical purposes to improve diagnostic clinical pathways and 
disease management. 

There are several laboratory tests for tracking the virus during the infection with COVID-19. 
However, the correlation between laboratory tests and COVID-19 remained elusive whether 
laboratory tests play an important role for patients with COVID-19. As previously mentioned, 
COVID-19 affects multiple organs and during a short period of time can alter the normal function of 
organs into failure leading to multi-organ dysfunction [36]. 

Chen et al. demonstrated that 73 of 99 patients had increased levels of CRP test, and 43/99 
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patients had abnormal levels of liver enzymes (AST and ALT), and most of the cases found elevated 
CK (13%) and LDH (76%). The absolute value of lymphocytes in the majority of cases was reduced. 
Six (6%) of 99 patients had an increased level of procalcitonin (PCT) and 7% of patients had 
increased BUN or Cr [37]. Consistent with these data, Wu et al. demonstrated that almost 45% of the 
patients were found with decreased WBC count and 32.50% with a decreased number of 
lymphocytes, which highlights the significant relationship between COVID-19 and T lymphocytes. 
Patients indicated elevated levels of CRP (77.50%), ESR (73.75), PCT (1.25%), AST and ALT 
(3.75%), CK (22.50%), LDH (21.25%), and D-dimer (3.75%). Whereas, 2.50% of the patients had a 
low level of albumin [38]. Similarly, Yang et al. reported that 44 patients with COVID-19 had 
elevated levels of CRP (75%), LDH (43.18%), Procalcitonin (29.55%), ALT (15.91%), GGT 
(15.91%), and AST (13.64%). While, many patients had decreased levels of troponin (40.91%), 
albumin (81.82%), prealbumin (50%), HDL (61.37%), and LDL (52.27%); and decreased 
lymphocytes count in 52.27% of the patients. In addition, they suggested that COVID-19 can affect T 
cells because many patients had decreased CD3+, CD4+, and CD8+ T cell counts, thereby impairing 
the immune system homeostasis. As such, increased LDH and CRP levels, and decreased CD4+ T 
cells could act as an indicator for the severity of pulmonary lesions on CT imaging [39]. Zhang et al. 
showed the relationship between eosinophil counts and 135 patients with COVID-19. Findings 
revealed that 52.9% of the patients had decreased eosinophils, which suggests eosinopenia as a 
diagnostic sign in suspected patients with COVID-19 infection. Other abnormal laboratory features 
include increased levels of serum CRP (91.9%), serum amyloid A (SAA) (90.2%) and D-dimer 
(43.2%), PCT (34.7%), and CK (6.7%) have been found in these patients [40]. In contrast, Shi et al. 
reported leukocytosis in 26 (32%) of 81 patients with COVID-19 and lymphocytosis in 54 (67%) of 
81 patients [41]. Furthermore, Song et al. reported 37 (73%) of 51 patients had normal WBC, and 
normal (35.3%) or reduced (64%) lymphocyte count [42]. Taken together, data suggest that 
COVID-19 might mostly affect lymphocytes, especially TH1 cells. SARS-CoV-2 mainly invades and 
spreads through respiratory mucosa, induces consistent pro-inflammatory cytokines and chemokines, 
including IL-1β, IL-2, IL-6, IL-8, both IFN-α/β, TNF, CCL2-5, and IP-10 [43–45]. These 
inflammatory responses result in an imbalance in peripheral white blood cells and cytokine storm in 
the patient’s body [46]. Therefore, cytokine assessment may be helpful in patients with severe 
COVID-19. 

2.3. Serological tests 

Several serological immunoassays have been developed by research use only (RUO) and 
in-vitro diagnostic (IVD) companies for the detection of SARS-CoV-2 viral antigens as well as 
antibodies in the biologic fluids such as plasma and serum. The most widely used diagnostic method 
of COVID-19 in commercial immunoassays are enzyme Immunoassay (EIA) and automated 
Electrochemiluminescence (ECL) Chemiluminescence immunoassay (CLIA), and lateral flow 
immunoassay (LFIA) tests [47]. To the best of our knowledge, detectable antibodies are developed in 
infected patients almost two weeks after the virus exposure. The IgM antibody levels rise faster than 
IgG antibodies, but they are reduced and may be totally undetectable afterward. Although several 
studies have shown that IgG levels can persist for 6 weeks or more, Moreover, few studies have 
reported a significant reduction of IgG in recovered patients. IgM antibodies can be detected in the 
serum or plasma samples from 10 to 30 days, while IgG/IgA antibodies can be detected from 20 days 
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after SARS-CoV-2 exposure or onset of symptoms. In general, the use of total antibodies is more 
sensitive in identifying people exposed to the SARS-CoV-2 [48–50]. 

Based on the majority of reports, a greater extent of antibodies is produced against antigens of 
the SARS-CoV-2, including nucleocapsid (NC) and spike (S) proteins (Figure 1). Although the 
design of diagnostic commercial kits is mostly based on NC protein, published reports up to now 
were indicated the antibodies against S antigen have a protective effect in patients with COVID-19. 
In the meantime, the role of IgA in protecting against SARS-CoV-2 should not be overlooked 
because the first site of immune-exposing is the mucosal tissue; thus the production of local or 
systemic IgA may have a high immune protection potential [47,48,50]. Furthermore, the initiation of 
antibody response after the infection is highly host-dependent and time-consuming. In this regard, 
preliminary studies in patients with COVID-19 suggest the majority of patients seroconvert between 
2 and 3 weeks after exposure to the SARS-CoV-2; however, few patients may develop antibodies 
later or sooner. As a result of this natural delay in immune response, antibody detection is not useful 
in the diagnosis of suspected cases of acute infection. These serological tests may be helpful for 
confirmation of suspicious results of nucleic acid test, determination of virus exposure in 
asymptomatic individuals, and identification of people with close contact with confirmed patients 
who suffered from COVID-19 in the past and those who had symptoms more than two weeks ago 
who had a lower chance for obtaining a positive molecular test and seroconversion studies in a 
population [47,51,52]. 

Given clinical sensitivity and specificity of antibody-based diagnosis, the most important factor 
is the shelf life of the specific antibodies. There are reports that the shelf life of antibodies and 
memory B cells varies depending on the induced epitopes. However, most studies have focused on 
the presence of a longer time for IgG versus IgM. These studies have also shown at least         
6 to 8 weeks of persistence for SARS-CoV-2 IgG antibodies. However, several studies also indicated 
that specific antibodies are not produced in some patients with positive RT-PCR. In this regard, 
further studies need to respond to the controversial questions, especially clinical trials in the 
development of vaccines [53–56]. 

2.4. Computed tomography (CT) scan 

2.4.1. CT findings 

Chest CT imaging is the mainstay of diagnostic imaging for COVID-19 pneumonia because of 
its high positive rate, rapid, and time efficiency, accuracy, and non-invasiveness capacity [15,57]. 
However, the specificity of CT is low and is useful for differential diagnosis and the atypical  
patterns (Table 1). CT scans are used only to evaluate pneumonia, and not all COVID-19 patients 
have pneumonia. Pulmonary involvement may last for weeks or months, so using a CT scan may not 
show the time of lung involvement in an asymptomatic person. In addition, pulmonary CT scans may 
be helpful along with epidemiology, exposure, and other symptoms. Otherwise, this view is not 
completely specific to COVID-19, and influenza and other respiratory infections and even 
non-infectious diseases can mimic some of these features. COVID-19 has diverse imaging features at 
different stages, which are significantly related to the time course of the infection [27]. Therefore, a 
comprehensive evaluation of CT features in the disease process could help classify patients from low 
to high-risk groups. 
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Taken together, Radiological Society of North America recommends four categories for 
reporting CT imaging findings potentially related to COVID-19. Clinicians should consider the 
prevalence, exposure, risk factors, and clinical presentation for diagnosis of COVID-19 pneumonia. 
“Typical”, “indeterminate”, “atypical appearance” and “negative for pneumonia” are four 
classifications in reporting the CT findings. Typical features have been frequently reported in cases 
with confirmed COVID-19 pneumonia. Peripheral bilateral or multifocal rounded GGO with or 
without consolidation or obvious interlobular thickening (crazy-paving) as well as reverse halo or 
compatible findings with organizing pneumonia are regarded as the “typical appearance”. If CT 
findings are not typical, and multifocal, diffuse, perihilar, or unilateral GGO with or without 
consolidation have not typical distribution and are not rounded and peripheral, those are considered 
“indeterminate appearance”, which may be associated with COVID-19 pneumonia as well as several 
other infectious and non-infectious conditions. Lobar or segmental consolidation, separate small 
nodules, cavity, smooth interlobular septal thickening associated with pleural effusion without typical 
and indeterminate are named as “atypical appearance” [58]. 

 

Figure 2. Different CT imaging features of patients with COVID-19. (A) “Typical 
Appearance”: Peripheral multifocal GGO and interlobular thickening (crazy-paving); (B) 
“Typical Appearance”: Peripheral rounded GGO with consolidation in the left lower lobe, 
evolving reverse halo in the right lower lobe compatible findings with organizing 
pneumonia, and (C) “Typical Appearance”: Multifocal GGO in the right middle lobe, 
typical reverse halo in the right lower lobe and air space consolidation in the left lower 
lobe. 

In the early diagnosis of COVID-19, CT examination might play a key role for suspected 
patients but characterizing the most typical patterns of COVID-19 on CT images seem     
necessary [15,57]. Investigators examined the relationship between symptom onset and the initial 
chest imaging in 121 sympathetic patients during different times, including early (0–2 days), 
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intermediate (3–5 days), and late (6–12 days) phases. Data revealed that 20/36 (56%) of early 
patients were found with normal CT. Interestingly, CT features of patients with a longer time after 
the onset of symptoms were more common, including consolidation, bilateral and peripheral disease, 
greater total lung involvement, linear opacities, crazy-paving pattern, and the reverse halo sign. 
Bilateral lung involvement was observed in 10/36 early patients (28%), 25/33 intermediate   
patients (76%), and 22/25 late patients (88%) [30]. 

2.4.2 Stages of the disease and associated CT Findings and current guidelines 

Ground-glass opacification (GGO) on the initial CT imaging could act as a hallmark of 
early-phase infection [59]. Further, a study corroborated that 25/80 cases (31.25%) had no abnormal 
density shadow in the parenchyma of both lungs. The rest 36 cases (45%) and 19 cases (23.75%) 
presented with bilateral pneumonia and unilateral pneumonia, respectively [38]. Similarly, 
COVID-19 on CT imaging of 81 patients manifested as bilateral, subpleural, ground-glass opacities 
with air bronchograms, ill-defined margins, and a slight predominance in the right lower lobe. 
Importantly, the study highlighted that abnormal CT features were observed even in asymptomatic 
individuals, and lesions could turn into a diffuse GGO predominance or consolidation within 1–21 
days after the initial symptoms [41]. These data were demonstrated by Chung et al. who showed 
bilateral pulmonary parenchymal ground-glass and consolidative pulmonary opacities, sometimes 
with a rounded morphology and a peripheral lung distribution were the most typical CT 
manifestations of the disease [29]. In addition, Xie et al. highlighted that GGO and/or mixed GGO 
and mixed consolidation patterns were the typical CT manifestations in patients with COVID-19 
pneumonia who have been misdiagnosed with initial negative RT-PCR results [31]. Yang et al. 
reported 17 (11.4%) of 149 patients had normal CT features on admission. Moreover, 12/17 patients 
had negative CT findings until the latest follow-up in 10.3 days, whereas the rest 5 patients had 
positive CT images after almost 7 days [60]. 

The investigators have found that the frequency of CT manifestations is relatively associated 
with the disease time courses. Herein, Pan et al. conducted a study to assess chest CT features from 
the initial identification (day 0) to the patient’s recovery (day 26). The findings confirmed the 
correlation between the time course of COVID-19 pneumonia and CT manifestations. The results 
have important implications for developing four stages in lung CT within different time courses. The 
stages are classified into four stages, including stage 1 (0–4 days): GGO in 75% patients; stage 2 
(5–8 days): elevated crazy paving pattern in 53% of patients; stage 3 (9–13days): consolidation in 91% 
of patients; and stage 4 (≥14 days): with no crazy paving pattern but gradual resolution of 
consolidation in 75% of patients [61]. Nevertheless, Jin et al. defined the lung CT stages as follows: 
early-stage (1–3 days): single or multiple scattered patchy or agglomerated ground-glass opacities, 
separated by honeycomb-like or grid-like thickened of interlobular septa in 54.2% of patients; rapid 
progression stage (3–7 days): a fused and large-scale light consolidation with air-bronchogram inside 
in 20.5% of patients; consolidation stage (7–14): multiple patchy consolidations in slighter density 
and smaller range in 31.2% of patients; and dissipation stage (2–3 weeks): grid-like thickening of 
interlobular septum, thickening and strip-like twist of bronchial wall and a few scattered patchy 
consolidations in 20.5% of patients [62]. These findings suggest that CT imaging can be classified 
into four stages in different time courses of infection, and each step provides key CT manifestations 
to consider the severity and progression of the disease. A study on 1014 patients showed that the 
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sensitivity, specificity, accuracy of chest CT were 97% (580/601), 25% (105/413), and 68% 
(685/1014), respectively. Moreover, the negative predictive and positive predictive values were 83% 
(105/126) and 65% (580/888), respectively. Nevertheless, owing to the overlap of CT imaging 
properties between COVID-19 and other viral pneumonia types, false-positive patients with 
COVID-19 can be diagnosed on chest CT. Nevertheless, wing to the increasing number of CT scans 
and the fact that there has always been concern about the amount of radiation, based on the studies 
done on some other diseases, it is proposed to reduce the radiation dose for CT scans and perform the 
so-called low-dose CT. It was suggested at the beginning of the epidemic and various studies 
established its diagnostic value is not less than the standard dose [63]. 

3. Conclusions 

Confrontation with the COVID-19 virus was one of the most unfortunate events of the last 
century. The rapid development of diagnostic and preventive protocols was one of the valuable 
experiences that human society gained during this period. The test status performed by 
above-mentioned methods varies with the disease stage at the time of examination, immune response, 
and the symptom onset. Until now, many undetermined questions have remained, especially the 
persistence duration of immunity for those asymptomatic and symptomatic individuals. Serological 
immunoassay methods cannot directly confirm virus presence and the stage of COVID-19, only 
provide data concerning the recent and late infection, but along with other diagnostic tests can be 
beneficial for physicians to track the disease burden. Besides, Serological-based examination further 
needs to be assessed thoroughly for cross-reactivity with other viruses since different potential 
pathogens may manipulate the test results. Rapid SARS‐CoV-2 IgG/IgM test is considered a primary 
and fast screen tool of SARS-CoV-2 infection. Despite the short time testing manner and easy 
performance, it has several disadvantages. Thus, serological immunoassay performance is much 
more recommended for screening and follow up purposes for high-risk population and infected 
patients. Evidence demonstrated that both RT-PCR and CT imaging had almost similar diagnostic 
value with some tangible variation in their sensitivity and specificity performance. In some cases, CT 
featuring illustrates the prime stage of SARS-CoV-2 infection before the positivity of RT-PCR and 
serological tests, which highlights the pivotal role of CT imaging at the initial stage of infection. To 
further corroborate the CT findings, RT-PCR should be considered a complementary test component 
over all the diagnostic methods; however, a negative RT-PCR result does not show the 
free-SARS-CoV-2 status of patients because RT-PCR is time course-dependent. Therefore, we 
believe that the combination of CT imaging and RT-PCR test can shed light on the stage and burden 
of the infection, and serological tests are more suitable for screening on a large scale of population. 
Meanwhile, laboratory tests are strongly recommended as complementary factors for tracking the 
infection status and the success of treatments (Table 1). 
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Table 1. Comparison of different diagnostic methods of COVID-19 according to their 
specificity and sensitivity. 

Diagnostic methods After clinical onset Test time Specificity Sensitivity References 

ELISA 

Antibody 

IgM (2–4 weeks) 

IgG (2–7 weeks) 

1–2 h 60–98% 60–90% [7,48,64] 

[48,65,66] 

RT-PCR Likely positive (1–2 weeks) 

Likely negative (more than 2 weeks) 

1–8 h 90–98% 30–65% [25,26,67,68] 

Chest CT with 

RT-PCR positive 

result 

Time-interval of 4 days or more 1–2 h 25–35% 50–95%** [15,25,28] 

**: In the case of involvement of lungs in COVID-19 patients. 

Conflict of interests 

All authors declare no conflicts of interest in this paper. 

Author contributions 

Muhammad Sadeqi Nezhad and Farhad Seif designed the study and drafted the manuscript. 
Hossein Aazami was involved in search and data collection. Monireh Kamali and Ilad Alavi 
Darazam provided and interpreted CT scan data. Azam Samei, Pegah Babaheidarian, and Monireh 
Mohsenzadegan provided and interpreted laboratory data. Majid Khoshmirsafa and Yaghoub Mollaei 
Kandelousi provided and interpreted serological data. Majid Khoshmirsafa and Mohsen Fateh 
supervised the study. Farhad Seif revised the manuscript for important intellectual contents. All 
authors read and approved the final manuscript. 

References 

1. Surveillances V (2020) The epidemiological characteristics of an outbreak of 2019 novel 
coronavirus diseases (COVID-19)—China, 2020. CCDC Weekly 2: 113–122. 

2. Bai Y, Yao L, Wei T, et al. (2020) Presumed asymptomatic carrier transmission of COVID-19. 
Jama 323: 1406–1407. 

3. Dehghanbanadaki H, Seif F, Vahidi Y, et al. (2020) Bibliometric analysis of global scientific 
research on coronavirus (COVID-19). MJIRI 34: 354–362. 

4. Wang S, Zhou X, Zhang T, et al. (2020) The need for urogenital tract monitoring in COVID-19. 
Nat Rev Urol 17: 314–315. 

5. Rothan HA, Byrareddy SN (2020) The epidemiology and pathogenesis of coronavirus disease 
(COVID-19) outbreak. J Autoimmun 109: 102433. 

6. Seif F, Aazami H, Khoshmirsafa M, et al. (2020) JAK inhibition as a new treatment strategy for 
patients with COVID-19. Int Arch Allergy Imm 181: 467–475. 

7. Zhang H, Kang Z, Gong H, et al. (2020) The digestive system is a potential route of 2019-nCov 
infection: a bioinformatics analysis based on single-cell transcriptomes. BioRxiv In press. 

 



71 

AIMS Allergy and Immunology                                                   Volume 4, Issue 3, 60–74. 

8. Chen Y, Chen L, Deng Q, et al. (2020) The presence of SARS‐CoV‐2 RNA in the feces of 
COVID‐19 patients. J Med Virol 92: 833–840. 

9. Backer JA, Klinkenberg D, Wallinga J (2020) The incubation period of 2019-nCoV infections 
among travellers from Wuhan, China. MedRxiv In press. 

10. Lei J, Li J, Li X, et al. (2020) CT imaging of the 2019 novel coronavirus (2019-nCoV) 
pneumonia. Radiology 295: 18. 

11. Li Q, Guan X, Wu P, et al. (2020) Early transmission dynamics in Wuhan, China, of novel 
coronavirus—infected pneumonia. N Engl J Med 382: 1199–1207. 

12. Adhikari SP, Meng S, Wu YJ, et al. (2020) Epidemiology, causes, clinical manifestation and 
diagnosis, prevention and control of coronavirus disease (COVID-19) during the early outbreak 
period: a scoping review. Infect Dis Poverty 9: 1–12. 

13. Guan CS, Lv ZB, Yan S, et al. (2020) Imaging features of coronavirus disease 2019 
(COVID-19): evaluation on thin-section CT. Acad Radiol 27: 609–613. 

14. Centers for Disease Control and Prevention, Management of Patients with Confirmed 
2019-nCoV, 2020. National Center for Immunization and Respiratory Diseases (NCIRD), 
Division of Viral Diseases, 2020. Available from: 
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html. 

15. Ai T, Yang Z, Hou H, et al. (2020) Correlation of chest CT and RT-PCR testing in coronavirus 
disease 2019 (COVID-19) in China: a report of 1014 cases. Radiology 296: E32–E40. 

16. Denison MR, Graham RL, Donaldson EF, et al. (2011) Coronaviruses: an RNA proofreading 
machine regulates replication fidelity and diversity. RNA Biol 8: 270–279. 

17. Zhu N, Zhang D, Wang W, et al. (2020) A novel coronavirus from patients with pneumonia in 
China, 2019. N Engl J Med 382: 727–733. 

18. Zhang Y, Novel 2019 coronavirus genome. Shanghai Public Health Clinical Center & School of 
Public Health, Fudan University, 2020. Available from: 
https://virological.org/t/novel-2019-coronavirus-genome/319. 

19. Corman VM, Landt O, Kaiser M, et al. (2020) Detection of 2019 novel coronavirus (2019-nCoV) 
by real-time RT-PCR. Eurosurveillance 25: 2000045. 

20. Chan JFW, Kok KH, Zhu Z, et al. (2020) Genomic characterization of the 2019 novel 
human-pathogenic coronavirus isolated from a patient with atypical pneumonia after visiting 
Wuhan. Emerg Microbes Infect 9: 221–236. 

21. Kim H (2020) Outbreak of novel coronavirus (COVID-19): What is the role of radiologists? Eur 
Radiol 30: 3266–3267. 

22. Ora J, Puxeddu E, Cavalli F, et al. (2020) Does bronchoscopy help the diagnosis in Covid-19 
infection? Eur Respir J In press. 

23. Tan FR, Qiu YL, Xu Z (2020) Bronchoalveolar lavage fluid was used to diagnose two cases of 
2019-nCoV infection. Chin J Tuberc Respir Dis 43: 337–339. 

24. Winichakoon P, Chaiwarith R, Liwsrisakun C, et al. (2020) Negative nasopharyngeal and 
oropharyngeal swabs do not rule out COVID-19. J Clin Microbiol 58: e00297-20. 

25. He JL, Luo L, Luo ZD, et al. (2020) Diagnostic performance between CT and initial real-time 
RT-PCR for clinically suspected 2019 coronavirus disease (COVID-19) patients outside Wuhan, 
China. Respir Med 168: 105980. 

26. Sethuraman N, Jeremiah SS, Ryo A (2020) Interpreting diagnostic tests for SARS-CoV-2. Jama 
323: 2249–2251. 



72 

AIMS Allergy and Immunology                                                   Volume 4, Issue 3, 60–74. 

27. Dai W, Zhang H, Yu J, et al. (2020) CT imaging and differential diagnosis of COVID-19. Can 
Assoc Radiol J 71: 195–200. 

28. Fang Y, Zhang H, Xie J, et al. (2020) Sensitivity of chest CT for COVID-19: comparison to 
RT-PCR. Radiology 296: E115–E117. 

29. Chung M, Bernheim A, Mei X, et al. (2020) CT imaging features of 2019 novel coronavirus 
(2019-nCoV). Radiology 295: 202–207. 

30. Bernheim A, Mei X, Huang M, et al. (2020) Chest CT findings in coronavirus disease-19 
(COVID-19): relationship to duration of infection. Radiology 295: 685–691. 

31. Xie X, Zhong Z, Zhao W, et al. (2020) Chest CT for typical 2019-nCoV pneumonia: relationship 
to negative RT-PCR testing. Radiology 296: E41–E45. 

32. Chana JFW, Yip CCY, To KKW, et al. (2020) Improved molecular diagnosis of COVID-19 by 
the novel, highly sensitive and specific COVID-19-RdRp/Hel realtime reverse 
transcription-polymerase chain reaction assay validated in vitro and with clinical specimens. J 
Clin Microbiol 10: 00310-20. 

33. Tavare AN, Braddy A, Brill S, et al. (2020) Managing high clinical suspicion COVID-19 
inpatients with negative RT-PCR: a pragmatic and limited role for thoracic CT. Thorax 75: 531. 

34. Houben PHH, Winkens RAG, Van der Weijden T, et al. (2010) Reasons for ordering laboratory 
tests and relationship with frequency of abnormal results. Scand J Prim Health Care 28: 18–23. 

35. Sikaris KA (2017) Enhancing the clinical value of medical laboratory testing. Clin Biochem Rev 
38: 107. 

36. Singhal T (2020) A review of coronavirus disease-2019 (COVID-19). Indian J Pediatr 87: 
281–286. 

37. Chen N, Zhou M, Dong X, et al. (2020) Epidemiological and clinical characteristics of 99 cases 
of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet 395: 
507–513. 

38. Wu J, Liu J, Zhao X, et al. (2020) Clinical characteristics of imported cases of COVID-19 in 
Jiangsu province: a multicenter descriptive study. Clin Infect Dis 71: 706–712. 

39. Yang S, Shi Y, Lu H, et al. (2020) Clinical and CT features of early stage patients with 
COVID-19: a retrospective analysis of imported cases in Shanghai, China. Eur Respir J 55: 
2000407. 

40. Zhang J, Dong X, Cao Y, et al. (2020) Clinical characteristics of 140 patients infected with 
SARS‐CoV‐2 in Wuhan, China. Allergy 75: 1730–1741. 

41. Shi H, Han X, Jiang N, et al. (2020) Radiological findings from 81 patients with COVID-19 
pneumonia in Wuhan, China: a descriptive study. Lancet Infect Dis 20: 425–434. 

42. Song F, Shi N, Shan F, et al. (2020) Emerging 2019 novel coronavirus (2019-nCoV) pneumonia. 
Radiology 295: 210–217. 

43. Zhang R, Wang X, Ni L, et al. (2020) COVID-19: Melatonin as a potential adjuvant treatment. 
Life Sci 250: 117583. 

44. Bahrami M, Kamalinejad M, Latifi SA, et al. (2020) Cytokine storm in COVID‐19 and 
parthenolide: preclinical evidence. Phytother Res In press. 

45. Emameh RZ, Nosrati H, Eftekhari M, et al. (2020) Expansion of Single Cell Transcriptomics 
Data of SARS-CoV Infection in Human Bronchial Epithelial Cells to COVID-19. Biol Proced 
Online 22: 16. 

 



73 

AIMS Allergy and Immunology                                                   Volume 4, Issue 3, 60–74. 

46. Roshanravan N, Seif F, Ostadrahimi A, et al. (2020) Targeting Cytokine Storm to Manage 
Patients with COVID-19: A Mini-Review. Arch Med Res In press. 

47. Vashist SK (2020) In vitro diagnostic assays for COVID-19: recent advances and emerging 
trends. Diagnostics 10: 202. 

48. Xiao AT, Gao C, Zhang S (2020) Profile of specific antibodies to SARS-CoV-2: the first report. 
J Infect 81: 147–178. 

49. Lou B, Li T, Zheng S, et al. (2020) Serology characteristics of SARS-CoV-2 infection since the 
exposure and post symptoms onset. Eur Respir J In press. 

50. Xiang F, Wang X, He X, et al. (2020) Antibody detection and dynamic characteristics in patients 
with COVID-19. Clin Infect Dis In press. 

51. Zhang W, Du R H, Li B, et al. (2020) Molecular and serological investigation of 2019-nCoV 
infected patients: implication of multiple shedding routes. Emerg Microbes Infect 9: 386–389.  

52. Patel R, Babady E, Theel ES, et al. (2020) Report from the American Society for Microbiology 
COVID-19 International Summit, 23 March 2020: Value of diagnostic testing for 
SARS–CoV-2/COVID-19. mBio 11: e00722-20. 

53. Rajendran K, Narayanasamy K, Rangarajan J, et al. (2020) Convalescent plasma transfusion for 
the treatment of COVID‐19: Systematic review. J Med Virol 2020: 25961. 

54. Azkur AK, Akdis M, Azkur D, et al. (2020) Immune response to SARS‐CoV‐2 and mechanisms 
of immunopathological changes in COVID‐19. Allergy 75: 1564–1581. 

55. Mo H, Zeng G, Ren X, et al. (2006) Longitudinal profile of antibodies against 
SARS-coronavirus in SARS patients and their clinical significance. Respirology 11: 49–53. 

56. Shi YL, Li LH, Sun ZH, et al. (2010) Study on the changing regularity of special antibody and 
expression of stomach and enteric involvement on SARS-coronavirus infection in the recovery 
period of severe acute respiratory syndrome. Chin J Epidemiol 31: 795–799. 

57. Chen H, Guo J, Wang C, et al. (2020) Clinical characteristics and intrauterine vertical 
transmission potential of COVID-19 infection in nine pregnant women: a retrospective review 
of medical records. Lancet 395: 809–815. 

58. Simpson S, Kay FU, Abbara S, et al. (2020) Radiological Society of North America Expert 
Consensus Statement on reporting chest CT findings related to COVID-19. Endorsed by the 
Society of Thoracic Radiology, the American College of Radiology, and RSNA. J Thorac 
Imaging 2: e200152. 

59. Zhou S, Wang Y, Zhu T, et al. (2020) CT features of coronavirus disease 2019 (COVID-19) 
pneumonia in 62 patients in Wuhan, China. Am J Roentgenol 214: 1287–1294. 

60. Yang W, Cao Q, Qin L, et al. (2020) Clinical characteristics and imaging manifestations of the 
2019 novel coronavirus disease (COVID-19): A multi-center study in Wenzhou city, Zhejiang, 
China. J Infect 80: 388–393. 

61. Pan F, Ye T, Sun P, et al. (2020) Time course of lung changes on chest CT during recovery from 
2019 novel coronavirus (COVID-19) pneumonia. Radiology 295: 715–721. 

62. Jin YH, Cai L, Cheng ZS, et al. (2020) A rapid advice guideline for the diagnosis and treatment 
of 2019 novel coronavirus (2019-nCoV) infected pneumonia (standard version). Mil Med Res 7: 
4. 

63. Kalra MK, Homayounieh F, Arru C, et al. (2020) Chest CT practice and protocols for 
COVID-19 from radiation dose management perspective. Eur Radiol In press. 

 



74 

AIMS Allergy and Immunology                                                   Volume 4, Issue 3, 60–74. 

64. Hoffman T, Nissen K, Krambrich J, et al. (2020) Evaluation of a COVID-19 IgM and IgG rapid 
test; an efficient tool for assessment of past exposure to SARS-CoV-2. Infect Ecol Epidemiol 10: 
1754538. 

65. To KKW, Tsang OTY, Leung WS, et al. (2020) Temporal profiles of viral load in posterior 
oropharyngeal saliva samples and serum antibody responses during infection by SARS-CoV-2: 
an observational cohort study. Lancet Infect Dis 20: 567–574. 

66. Zhao R, Li M, Song H, et al. (2020) Serological diagnostic kit of SARS-CoV-2 antibodies using 
CHO-expressed full-length SARS-CoV-2 S1 proteins. MedRxiv In press. 

67. Kim H, Hong H, Yoon SH (2020) Diagnostic performance of CT and reverse 
transcriptase-polymerase chain reaction for coronavirus disease 2019: a meta-analysis. 
Radiology 296: E145–E144. 

68. Kasteren PBV, Veer BVD , Brink SVD, et al. (2020) Comparison of seven commercial RT-PCR 
diagnostic kits for COVID-19. J Clin Virol 128: 104412. 

© 2020 the Author(s), licensee AIMS Press. This is an open access 
article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0) 


