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Abstract  

Background: To break trains of community transmission,  
an early and rapid detection method of COVID-19 infection  

was crucial to start tracing and provide treatment. RT-PCR is  
considered the gold standard tool for confirming COVID-19  

infection yet has its limitations as time-consuming and limited  

resources.  

Aim of Study:  The target of this study is to assess the  
sensitivity and specificity of CT Chest compared to initial  
PCR results in the diagnosis of COVID-19 pneumonia among  
study population in Ain Shams Hospital within the frame time  

duration of the study.  

Patients and Methods:  Data collected between first of  
June till 20th of June 2020 and enrolled 117 patients (64 males  

and 53 females) who presented with suspicious COVID-19  
symptoms and underwent both PCR swab test and Chest CT  

scan. The cases were categorized according to both RSNA  

and Deutch radiological society adopted reporting systems  

for CT Chest findings.  

Results:  The most prominent radiological findings were  

ground glass opacities (82.9%) and consolidation (34.2%)  

with suspected cases by CT scan about (84.6%) while only  

(61.5%) were positive on initial PCR. As regard evaluation  

of CT diagnostic performance, Sensitivity was (97.2%) and  
positive predictive value was (70.7%) with accuracy  

(73.5%).  

Conclusion:  Chest CT scan has a very high sensitivity  

with acceptable positive predictive value enough to be a  

reliable method for early detection of COVID-19 infection.  
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Introduction  

STARTING  on March 2020, the World Health  
Organization officially announced that the new  

corona virus disease (COVID-19) has become a  
global pandemic [1] . At this point, the severe acute  
respiratory syndrome corona virus 2 (SARS-CoV- 
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2) was responsible for more than 2,000,000 infec-
tions and 100,000 deaths worldwide, with a rapidly  
increasing number especially in the United States  

and Europe. The outbreak continues to widespread;  

with cases doubling every 3-4 days that threatens  
medical systems to become overburdened [2] .  

Viral nucleic acid test by reverse transcription-
polymerase chain reaction (RT-PCR) is the first  
line screening method of choice [3] . However, the  
sensitivity of RT-PCR is insufficient, ranging from  

50 to 62% according to previous large-scale reports  
[3,4] .  

Some patients may be highly suspicious, based  
on established close contact with confirmed cases,  

typical clinical manifestations and CT image ap-
pearance, but may still develop a false negative  

initial RT-PCR, which increases the risk of com-
munity transmission and delay in treatment, yet  

RT-PCR remains the gold standard tool for con-
firming COVID-19 infection, incorporating multi-
ple RT-PCR tests to make up for its shortcomings  

[2] .  

As demonstrated in the large-scale outbreaks  
in severe acute respiratory syndrome (SARS-CoV)  

[5]  and Middle East respiratory syndrome (MERS-
CoV) [6] , CT is known to be an important imaging  
modality in the diagnosis and assessment of patients  
with viral pneumonia.  

Recent studies proved that CT of COVID had  
typical appearance of viral lung infection, with a  
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PACS : Picture archiving and communication systems.  
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sensitivity of 60-98% [7,8] . Surprisingly, CT changes  
may be identified before patients become sympto-
matic and RT-PCR is positive [9,10,11] .  

In China, Hubei, to ensure timely treatment  

and isolation measures, there was a temporary  

period where diagnoses of COVID-19 were based  

on CT changes even without positive PT-PCR  

result. In the other hand, no CT abnormality was  

found in part of the confirmed cases when pneu-
monia was absent. Other kinds of viral pneumonia  

can also mimic COVID-19 pneumonia, which  
makes it difficult to differentiate [2] .  

Thus, the diagnostic performance of CT in  
COVID-19 is less clarified. We aimed to compare  
the diagnostic performance of chest CT and initial  
real-time RT-PCR for COVID-19, with RT-PCR  
test results as reference standard.  

Patients and Methods  

This is a retrospective study conducted on 117  

patients with ages ranged from 19 to 85 at CT unit  

of the diagnostic radiology department at El-
Demerdash Teaching Hospital 2019.  

Inclusion criteria: Patients included in the  

study should have the following criteria:  
Clinical manifestations suspecting viral pneu-

monia, underwent Chest CT & underwent RT-PCR  
test.  

Exclusion criteria:  
Incomplete clinical or laboratory information  

- Images with excessive motion artefacts.  

Ethical considerations:  

The study was conducted according to the stip-
ulations of the ASU (Ain Shams University) Ethical  
and Scientific Committee.  

Study procedures:  
-  Clinical information including travel and exposure  

history and clinical symptoms (analysis was done  

for 3 major symptoms: cough, fever and dyspnea).  

-  RT-PCR results for participants who were sub-
jected to nasopharyngeal swab or oropharyngeal  

swab for respiratory secretion specimens per-
formed using real-time RT-PCR kits.  

-  Non-contrast CT Chest images were extracted  

from PACS system in Radiology Department-
Ain Shams University Hospitals, which were  
acquired at full inspiration with the patient in  
the supine position following acquisition param-
eters of usual protocol (120 kVp; 100-200 mAs;  

pitch, 0.75-1.5; matrix = 512 x 512, slice thick-
ness = 10mm), All images were then reconstruct-
ed with a slice thickness of 1.25mm with the  
same increment and reformatted with soft tissue  

and lung windows. All images were transferred  
to a stand-alone workstation for analysis.  

-  Data were cross-matched according to inclusion  

criteria (A case suspected for COVID-19 virus  

infection who had chest manifestations and un-
derwent both CT Chest study and PCR swab  
during his illness).  

- Serial PCR was done after 72hrs for cases with  
negative initial PCR result but suspected clini-
cally.  

All extracted CT Chest images were reviewed  

by single radiologist and analyzed to be recorded  

into Results Sheet.  

The analysis included presence / absence of:  

Ground glass opacities / Consolidation patches /  
Crazy paving patterns / Vascular enlargement / Air  

bronchogram / Air trapping / Reversed Halo sign  

/ Discrete pulmonary nodules / Pleural effusion /  

Mediastinal lymphadenopathy / Bronchiectasis /  
Other non-mentioned features.  

After data analysis, Cases were categorized  

according to both RSNA adopted reporting system  
for CT chest related to COVID-19 with four classes  

and the Deutch radiological society adopted report-
ing system so called CO-RADS with six classes  

as mentioned in tables 1 and 2 [12,13] .  

According to previous studies as in Kwee et  
al., the cut-off for a positive CT for suspicion of  
COVID-19 was considered at CORADS 3 or above  

and at indeterminate/typical categories of RSNA  
classification [14] .  

Using RT-PCR results as reference standard,  
the sensitivity, specificity, and accuracy of chest  

CT in diagnosing COVID-19 were assessed.  

Statistical analysis:  

Recorded data were analyzed using the statis-
tical package for social sciences, version 20.0  
(SPSS Inc., Chicago, Illinois, USA). Quantitative  

data were expressed as mean ±  standard deviation  
(SD). Qualitative data were expressed as frequency  

and percentage. Comparison between groups for  

qualitative variables was performed using Chi  
square. The confidence interval was set to 95%  
and the margin of error accepted was set to 5%.  
So, the p-value was considered significant if p -
value ≤0.05.  
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Results  

Demographic data, exposure history and symp-
toms of the study population:  

Table (1): Demographic data, exposure history and symptoms  
of the study population.  

Demographic data  No.  %  

Sex:  
Female  53  45.3  
Male  64  54.7  

Age group:  
<20 years  1  0.9  
20-39 years  23  19.7  
40-59 years  63  53.8  
>_60 years  30  25.6  

Exposure:  
Known  23  19.7  
Unknown  94  80.3  

Symptoms:  

Fever  112  95.7  
Cough  81  69.2  
Dyspnea  43  36.8  

Lung affection in CT among the study population:  

Table (2): Lung affection distribution.  

Lung affection laterality  No.  %  

Bilateral  96  82.1  
Unilateral  15  12.8  
No  6  5.1  

Number of lobes affected:  

0  6  5.1  
1  13  11.1  
2  13  11.1  
3  12  10.3  
4  15  12.8  
5  58  49.6  

Different CT findings among the study population:  

Table (3): Distribution of GGO and consolidation.  

CT finding  No.  %  

GGO:  97  82.9  
Consistent with COVID-19  5  4.3  
Not Consistent with COVID-19  15  12.8  
No  

Consolidation:  
Consistent with COVID-19  40  34.2  
Not Consistent with COVID-19  5  4.3  
No  72  61.5  

RSNA and CORADS classifications role in  

suspicion of COVID-19 infection:  

Table (4): RSNA and CORADS classifications.  

RSNA classification  No.  %  

Negative  6  5.1  
Atypical  12  10.3  
Indeterminate  21  17.9  
Typical  78  66.7  

CORADS:  

1  6  5.1  
2  12  10.3  
3  13  11.1  
4  8  6.8  
5  76  65.0  
6  2  1.7  

So, considering our cut-off limit for positive  
CT at CORADS 3 or above and at indeterminate  

or typical categories of RSNA classification, there  

were 99 patients (84.6%) considered positive and  

18 patients (15.4%) considered negative according  

to CT findings while there were 72 patients (61.5%)  
were positive and 45 patients (38.5%) were negative  

according to initial PCR (Table 5).  

Table (6) shows that there were 72 patients  

positive of PCR, 97.2% out of them true positive  
of CT and 2.8% false negative of CT, while there  

were 45 patients Negative of PCR and 35.6% out  
of them true negative of CT and 64.4% false pos-
itive of CT, there was highly statistically significant  

agreement between the two diagnoses, by compar-
ison of initial PCR and CT a yielded weighted  
Kappa value of 0.407 indicating moderate agree-
ment and p-value <0.001.  

As regard evaluation of CT diagnostic perform-
ance, it was Sensitivity (97.2%), Specificity  

(35.6%), Positive Predictive value (70.7%), Neg-
ative Predictive value (88.9%) and Accuracy  
(73.5%) (Table 7).  

On serial PCR, there were 22 patients (48.9%)  

turned positive which were all considered positive  
on initial CT (Table 8).  

Table (5): Diagnostic value of both CT and initial PCR.  

No.  %  

Diagnostic value of CT:  

Positive  99  84.6  

Negative  18  15.4  

Initial PCR:  

Positive  72  61.5  

Negative  45  3 8.5  



Initial PCR  

Positive Negative 

97.2%  

35.6%  

70.7%  

88.9%  

73.5%  

% % x
2 

 p-value  No.  No.  

<0.001**  64.4  70  29  20.406  97.2  
2.8  2  16 35.6  

Sensitivity  

Specificity  

Positive Predictive value  

Negative Predictive value  

Accuracy  

Chi-square  
test  Chest CT  

Positive  
Negative  
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Table (6): Relation between Chest CT and initial PCR results.  Table (7): Statical analysis of the relations in Table (6).  

Table (8): Comparison between Chest CT and serial PCR  

results.  

Serial PCR  

Initial CT  Positive Negative  

    

No.  % No.  % 

Positive 22 
 

48.90 7 15.60  

Negative 0 0.00 16 
 

35.50  

Table (9): RSNA proposed reporting language for CT findings related to COVID-19 [12] .  

COVID-19 pneumonia Rationale CT Suggested reporting  
imaging classification (6-11) findings language  

Typical appearance  

Indeterminate  
appearance  

Atypical appearance  

Negative for  
pneumonia  

Commonly reported imaging  
features of greater specificity  
for COVID-19 pneumonia.  

Nonspecific imaging features  
of COVID-19 pneumonia.  

Uncommonly or not reported  
features of COVID-19 pneu-
monia.  

No features of pneumonia.  

Peripheral, bilateral, GCO with  
or without consolidation or  
visible intralobular lines (cra-
zy-paving).  

Multifocal GGO of rounded  
morphology with or without  
consolidation or visible intral-
obular lines (crazy-paving).  

Reverse halo sign or other find-
ings of organizing pneumonia  
(seen later in the disease).  

Absence of typical features and  
presence of:  

Multifocal, diffuse, perihilar,  
or unilateral GGO with or  
without consolidation lacking  
a specific distribution and are  
nonrounded or nonperipheral.  

Few very small GGO with a  
nonrounded and nonperipher-
al distribution.  

Absence of typical or indeter-
minate features and presence  
of:  

Isolated lobar or segmental  
consolidation without GGO.  

Discrete small nodules (centri-
loblar, tree-inbud).  

Lung cavitation.  
Smooth interlobular septal  

thickening with pleural effu-
sion.  

No CT features to suggest  
pneumonia.  

Commonly reported imaging  
features of (COVID-19)  
pneumonia are present. Other  
processes such as influenza  
pneumonia and organizing  
pneumonia, as can be seen  
with drug toxicity and con-
nective tissue disease, can  
cause a similar imaging pa-
tern (Cov19Typ)*  

Imaging features can be seen  
with (COVID-19) pneumonia,  
though are non-specific and  
can occur with a variety of  
infectious and noninfectious  
processes (Cov19nd)*  

Imaging features are atypical  
or uncommonly reported for  
(COVID-19) pneumonia. Al-
ternative diagnoses should be  
considered (Cov19-Aty)*  

No CT findings present to indi-
cate pneumonia. (Note: CT  
may be negative in the early  
stages of COVID-19) (Cov-
19Neg)*  
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Table (10): Overview of CO-RADS categories and the corresponding level of suspicion for pulmonary involvement  

in COVID-19 [13] .  

CO-RADS  
category  

Level of suspicion for pulmonary  
involvement of COVID-19  

Summary  

0  Not interpretable  Scan technically insufficient for assigninf a score  

1  Very low  Normal or noninfectious  

2  Low  Typical for other infection but not COVID-19  

3  Equivocal/unsure  Features compatible with COVID-19 but also other diseases  

4  High  Suspicious for COVID-19  

5  Very high  Typical for COVID-19  

6  Proven  RT-PCR positive for SARS-CoV-2  

Case (1): Showing Chest CT of a 67 years old male patient-unknown exposure, complaining of fever, cough and dyspnea, his  

initial PCR tested positive-illustrating bilateral peripheral multi-focal patchy areas of ground glassing (rectangle) and  

consolidation (circle) associated with vascular enlargement (arrow) and bronchial thickening (arrowhead) (CORADS  

5) (Typical presentation).  
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Case (2): Showing Chest CT of a 65 years old male patient-unknown exposure, complaining of fever and dyspnea,  

his initial PCR tested negative then turned positive on serial PCR-illustrating right upper lobar unifocal  
patchy area of ground glassing and consolidation (arrows) (CORADS 3) (Indeterminate presentation).  

Discussion  

Currently, there is a widespread debate around  
the role of the plain CT Chest in early diagnosing  

the infection by COVID-19 virus requiring exten-
sive studying, the Chinese studies stressed on the  
great value of CT usage during the current epidemic  

while outside China it wasn't very appreciated due  

to lack of specificity. To refine the CT as a diag-
nostic tool during the epidemic, many radiological  

societies developed a consensus regarding suspicion  

of COVID-19 infection. We assessed the data  

collected according to the last update of the RSNA  

classification released by the American Radiolog-
ical society and the CORADS classification re-
leased by the Deutch Radiological society.  

The study was conducted on 117 cases with a  

wide age group ranging from 19 to 85 years, mean  

age of 50.42± 14.45 years (Table 1) which comes  

in line with Ai et al., [15]  reporting study group  
mean age 51 ± 15 years.  

According to our study, Fever should be con-
sidered the most common symptom among clinical  
presentation of COVID19 patients with incidence  
of 95.7% (Table 1) same as Song et al., [16]  reported  
with incidence of 96%.  

The lung lobar affection in our study is mainly  
bilateral in 96 out of 117 cases representing 82.1%  
(Table 2) which comes in line with what Song et  
al., [16]  found as 44 out of 51 cases (86%) of his  
study group presented with bilateral involvement  
while we find unilateral lung affection incidence  

falls to 12.8% with only 15 out of 117 cases same  
as Song et al., [16]  reported incidence of unilateral  
lung affection of 14% (7 out of 51 cases). In our  
study, there are 73 of 117 patients (62.4%) presented  

with lesions involving 4 to 5 lobes (Table 2) which  

comes in line with what Song et al., [16]  stated as  
32 of 51 patients (63%).  

In the first radiologic study of 21 patients by  
Chung et al., [17] , GGO was reported in 57% of  
patients and was thought to be the earliest radio-
graphically evident CT manifestation in some  
patients. These findings are consistent with those  

of other successive studies, presenting GGO as the  
most common imaging finding with incidence rate  

of up to 76% as Song et al., [16]  stated which comes  
in line with our study with GGO consistent with  
COVID-19 criteria noted in 82.9% of our study  

population (97/117) (Table 3). Multifocal, patchy,  
or segmental consolidation, scattered in subpleural  
areas or along broncho-vascular bundles, is usually  
presented in COVID-19 patients with occurrence  



Mohamed A.I. Gabr, et al. 469  

rate of 2~64% [8,18,19]  while in our study it was  
34.2% (40/117) (Table 3).  

In our study, we found out that 78 patients (out  
of 117) presented with typical presentation accord-
ing to RSNA classification representing 66.7%  
(Table 4) which considered less than what Ciccarese  

et al., [20]  reported; 151 out of 172 cases were  

considered with a typical presentation representing  

87.8%. According to Falaschi et al., [21] , merging  
typical and indeterminate categories helped rising  
the frequency up to 86.3% (419/485) which comes  
in line with our results if we merged both categories  
to become 84.6% (99/117) (Table 4).  

With atypical presentation frequency only  

10.3% (12/117) (Table 4), there is an agreement  

between our study and Falaschi et al., [21]  reporting  
14.9% (43/288) and about as same as what Cicca-
rese et al., [20]  reported as 10.4% (7/67). Dofferhoff  
et al., [22]  mentioned that frequency of COVID-19  
in CORADS 5 category was 82.1% (119/145)  

which comes much higher than what we find as  

65% of our study group (76/117) were located in  

the CORADS 5 category (Table 10). The frequency  
in the CORADS 2 category which reported to be  
14.3% in Dofferhoff et al., [22]  comes close to what  
we find in our study to be just 10.3% (Table 4). In  
our study, CT is considered as positive for COVID-
19 infection in 99 out of 117 cases (84.6%) (Table  
5) while initial PCR confirmed the infection in 72  

out of 117 with incidence of 61.5% in our study  
group (Table 5) consistent with what Ai et al., [15]  
reported.  

With initial PCR results considered the reference  

in our study, the sensitivity of CT Chest in indicat-
ing COVID-19 infection was 97.2% (70/72) while  

the specificity was 35.6% (16/45) and the accuracy  

was 73.5% (Table 7) which come in line with what  

Ai et al., [15]  stated with 97%, 25% and 68%  
respectively.  

Our study showed that initial CT was considered  

positive for 48.9% of the cases (22/45) who have  

negative initial PCR turned positive on their follow  
up PCR (Table 8) and this was consistent with Ai  

et al., [15]  reporting that about 60% of cases had  
typical CT features consistent with COVID-19  

infection prior to positive PCR result. This for sure  

indicates that CT imaging can be very useful in  
early detection of suspected cases.  

Conclusion:  
Plain CT Chest represents a great solution for  

the current dilemma in the shadow of PCR kits  
rarity worldwide and the time spent to get its  

results. CT Chest has a very high sensitivity with  

acceptable positive predictive value enough to be  

a reliable method for early detection of COVID-
19 infection to allow early isolation and quarantine.  

RSNA classification and CORADS classification  
are reliable and useful tools of reporting CT studies  

regarding suspicion of COVID-19 infection with  
CORADS classification showing better suspicion  

results.  
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