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Abstract  

Background:  An outbreak of coronavirus disease caused  
by a novel coronavirus (SARS-CoV-2) began in December  
2019 in Wuhan in central China. RT-PCR (reverse-
transcription-polymerase chain reaction) is the gold standard  
test in the diagnosis of patients with COVID 19 but due to  
the shortage of its kits, Chest CT is considered a vital com-
ponent in the diagnostic algorithm of these patients.  

Aim of Study:  This study aim to assess the usefulness of  
chest CT features in diagnosis of patients in early and late  
phase of COVID-19 infection with assessment of these features  
with CORADS and determine the relation of the CO-RADS  
and the phase of the disease.  

Patients and Methods:  Chest CT of 290 patients who  
confirmed laboratory by RT-PCR to be infected with COVID  
19 were reviewed retrospectively for common CT findings,  
then we investigate the relation between the initial CT scan  
and symptoms onset [early, 0-4 days (n=143), late, 5-12 days  
(n=147)]. After that we assessed these features in correlation  
to CO-RADS.  

Results:  The number of early phase group was 143 (49.3%)  
while the late phase group was 147 (50.7%) patients. Regarding  
CO-RADS class, there were 45, 47, 18, 11, and 169 patients  
have CO-RADS class 1, 2, 3, 4, and 5, respectively. Seventy-
eight (54.5%) patients who were imaged in the early phase  
had a normal CT scan, while CT findings such as, mixed  
ground glass (GGO) and consolidative opacities (74.1%) with  
peripheral and central distribution, bilateral lung involvement  
(93.2%), and multilobar affection (91.8%), were statistically  
significant in late phase group (p<0.001). Patients with late  
phase of COVID 19 have significantly higher CO-RADS  
score (≥4) than those in early phase. Also fever, cough and  
dyspnea (respiratory symptoms) were common in high CO-
RADS score (>!4) than in low CO-RADS score.  

Conclusions:  RT-PCR is mandatory for the diagnosis of  
patients suspected to have COVID 19 in an early phase of  
illness with normal CT chest or low CORADS score !9 3.  
Bilateral GGO and consolidative opacities, multilobar affection,  
with peripheral and central lesion distribution, in chest CT of  
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patients imaged in a late phase of the disease or high CORADS  
score ≥4 encourage the radiologists to suggest COVID 19 as  
a possible diagnosis with confidence in the case global pan-
demic and shortage of PCR kits supply.  
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Introduction  

AN  outbreak of coronavirus disease infection  

caused by a novel coronavirus known as COVID-
19 or SARS-COV-2 (severe acute respiratory syn-
drome coronavirus 2) began in December 2019 in  
the city of Wuhan in central China [1] . Althoughthe  
initial investigation reported that the virus has a  

zoonotic origin from the Huanan Seafood Whole-
sale Market in Wuhan, worldwide spread from  

human to human has been noted and has resulted  

in 1 428 428 confirmed cases of COVID-19 and  
82 020 deaths across 184 countries [2] . Respiratory  
symptoms such as fever, cough, and dyspnea were  

the most common clinical symptoms at presentation  

in addition to other nonspecific symptoms such as  
headache, bone pain, and fatigue [3] . Approximately  
20% of the COVID 19 cases were reported as  

severe and the mortality rate was 3% [4] . The World  
Health Organization declared (COVID 19) as a  

global epidemic and health emergency On January  
30, 2020 [5] .  

COVID 19 (SARS-CoV-2) is the seventh mem-
ber of the Coronaviridae family that can infect  

humans [3] . Two other examples of the coronavirus  
family include, severe acute respiratory syndrome  

Corona virus1 (SARS- COV-1) that began in south-
ern China and has a global concern from November  
2002 till July 2003 during its outbreak [6] , and  
Middle East respiratory syndrome coronavirus  
(MERS-COV) in 2012 which originated in Saudi  
Arabia [7] .  
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Early detection of the COVID 19 cases is in-
valuable to ensure timely treatment and, rapid  

isolation of the patients which is crucial for con-
tainment of this communicable disease. Some early  

investigators have observed that; bilateral lung  

opacities with lobular and subsegmental distribution  
were the most typical CT findings of COVID 19  

and the extensive chest CT changes were noted at  

approximately 10 days after symptoms onset [8- 
12] . High rates of ground-glass opacities (GGO)  

and consolidation, sometimes with peripheral lung  

distribution was found by another group [13] . As  
a result of these differences, Prokop et al., proposed  

the categorical assessment scheme COVID-19  
Reporting and Data System (CO-RADS), that  

provides a qualitative standardization of COVID-
19 imaging and helps standardized communication  
between physician and radiologists [14] .  

Aim of work, we aim to assess the usefulness  
of chest CT features in diagnosis of patients in  
early and late phase of COVID-19 infection with  

assessment of these features with CORADS and  
determine the relation of CO-RADS and the phase  

of the disease.  

Patients and Methods  

Patient's selection:  
This retrospective study was approved by our  

institutional review board and patient informed  

consent was waived. From May 2021 to October  
2021, 290 patients; Mean age was 44.41 ± 17.44  
years (age range, 1-85 years). There were 151  
(52.6%) men and 139 (47.4%) women, referred  

from chest department out clinics to MSCT unit  

of radiology department at Assiut University hos-
pital, who confirmed laboratory to be positive for  

COVID-19 infection were enrolled in our study,  
and underwent chest CT and the only exclusion  

criterion was low image quality of the chest CT  
that is insufficient for image analysis. All patients  

were confirmed to have COVID-19 nucleic acid  

on the basis of positive findings for respiratory  
secretions tested using real–time reverse–transcrip-
tion –polymerase Chain reaction (RT-PCR) obtained  
by nasopharyngeal and/or oropharyngeal swab. All  

the clinical data of the patients including: age, sex  

and clinical symptoms (fever, headache, cough,  
dyspnea and bone pain) were analyzed.  

CT Scanning protocol:  
All the patients underwent Chest CT using a  

16 detector CT scanner (Bright Speed, GE Health-
care Technologies). All scans were obtained without  

intravenous contrast material with the patient in  
the supine position during end-inspiration. The  

scanning was starting from the level of thoracic  

inlet to the lowest costophrenic angle. Only the  

initial chest CT scans were evaluated. The acqui-
sition parameters used for the scanning protocol  

were as follows; tube current-exposure time, 200- 
300mAs; tube voltage, 100-120kv; pitch, 1.375- 
0.9125; and reconstructed section thickness,  

1.25mm.  

Image evaluation:  All CT images were reviewed  
by three well-trained thoracic radiologists with at  
least 6 years of experience and the final decisions  
were reached by consensus. The CT images were  
reviewed on a PACS workstation (Synapses, Fuji-
film) with multiplanar reconstruction tools.  

For each patient, the following chest CT features  

were analyzed: (1) Lesion density; a. Presence of  

GGO (defined as increased lung attenuation with  

preservation of the underlying vascular margins  
and bronchial wall); b. Presence of consolidation  

(defined as opacification of the lung parenchyma  

with obscuration of underlying vascular margins  
and airway wall) [15] ; c. Presence of mixed GGO  
and consolidation; (2) Frequency of the affected  
lobes; (3) Number of lobes affected by either GGO  
or consolidative opacities or both; involvement of  
three lobes or more considered multilobar affection;  
(4) Laterality of the GGO and consolidation (uni-
lateral or bilateral); (5) Distribution of the lung  

opacities, a. Peripheral (involving the peripheral  
one-third of the lung), b. Central (involving mainly  
the central region comprising two-thirds of the  

lung), or c. Peripheral & central (involving both  

the peripheral and central regions) [16] , (6) Other  
CT findings were also evaluated such as 1. Broncial  

wall thickening; 2. Vascular enlargement in the  
lesion; 3. Pleural thickening; 4. Septal thickening;  
5. Pleural effusion; 6. intralesional cavitation; and  

7. Thoracic lymphadenopathy (defined as lymph  

node size of ≥ 10mm in short-axis dimension).  

Then CO-RADS score was applied for all the  

patients as described by Prokop et al., [14] ; normal  
CT examination considered as CO-RADS 1, indi-
cating very low level of suspicious of pulmonary  

involvement; bronchial involvement with absence  

of GGO considered as CO-RADS 2, indicating  
low level of suspicious of pulmonary involvement  
by COVID-19; single small GGO or consolidation  

considered CO-RADS 3, implies equivocal findings  
for pulmonary involvement of COVID-19; multi  
focal unilateral GGO or consolidations considered  

as CO-RADS 4, implies a high level of suspicion  
for pulmonary involvement by COVID-19; bilateral  

multifocal GGO and/or consolidations with pleural  

based distribution considered as CO-RADS 5,  



Lamiaa M.R. Khalaf, et al. 455  

implies a very high level of suspicion for pulmonary  

involvement by COVID-19.  

The time between the initial appearance of  

patient symptoms (e.g., fever, cough, dyspnea,  
headache and bone pain) and the date of the initial  

chest CT examination was registered for each  
patient. If the time between the first clinical symp-
tom and the initial CT was 4 days or less, the  
patient was considered to have been imaged in the  
early phase of the illness. If the time between  

symptom onset and initial CT was between 5 and  
12 days, the patient was considered to have been  

imaged in the late phase of the disease.  

Lastly the CT features and the clinical symp-
toms of the COVID 19 patients were compared  

with CO-RADS score.  

Statistical analysis:  

Data were recorded using spread sheet software  

(Excel 2010, Microsoft) and were analyzed using  

statistical software (SPSS, version 22.0, IBM).  

Continuous data were expressed in the form of  

mean ±  SD or median (range) values while nominal  
data were expressed in the form of frequency  
(percentage). The frequency of CT signs was ex-
pressed as the number (percentage) of occurrence.  

Chi2  test was used for comparison between  
early and late phase of the disease for all data with  

the exception of age that was compared using  

Student- t  test. Differences for which p<0.05 were  
considered statistically significant.  

Results  

Mean age of the enrolled patients was 44.41 ±  
17.44 years (age range, 1-85 years). There were  

151 (52.6%) men and 139 (47.4%) women. Fever  

was the most frequent symptom (83.4%) followed  
by headache (54.1%), cough (49%), dyspnea  

(29.9%) and bone pain (25.5%).  

It was noticed that 86 (29.7%) of the 290 pa-
tients had no GGO or consolidation on CT exam-
ination. Of the remaining 204 patients, 28 (9.7%)  

patients had only consolidation and 54 (18.6%)  

patients had only GGO, while 122 (42.1 %) patients  

had both findings. The most frequently affected  

lobes were right and left lower lobe (61.7%) (Table  

1). One hundred sixty-one patients (55.5%) had  
≥3 affected lobes. Bilateral lung affection was  

reported in 60.7% patients. Ninety-five (32.8%)  

patients had peripheral lesions distribution while  

103 (35.5%) patients had peripheral and central  
lesions. Bronchial wall thickening and vascular  

enlargement were more frequently seen in 73.4%  

and 54.5% respectively, the other findings listed  
in Table (1).  

Table (1): Findings in CT chest.  

CT findings N=290  

Lesion density:  
No consolidation or GGO 86 (29.7%)  
Consolidation 28 (9.7%)  
GGO 54 (18.6%)  
Mixed GGO& consolidation 122 (42.1 %)  

Frequency of the affected lobe:  
Right lower lobe 179 (61.7%)  
Left lower lobe 179 (61.7%)  
Left upper lobe 165 (56.9%)  
Right upper lobe 157 (54.1 %)  
Right middle lobe 126 (43.3%)  

No. of affected lobes:  

One lobe 27 (9.3%)  
Two lobes 16 (5.5%)  
≥Three lobes 161 (55.5%)  
Laterality  
Unilateral 28 (9.7%)  
Bilateral 176 (60.7%)  

Distribution of lung opacities:  
Central 6 (2.1%)  
Peripheral 95 (32.8%)  
Both 103 (35.5%)  

Other findings:  
Bronchial wall thickening 213 (73.4%)  
Vascular enlargement 158 (54.5%)  
Pleural thickening 71 (24.5%)  
septal thickening 48 (16.6%)  
Pleural effusion 1 (0.70%)  
Cavitation 1 (0.30%)  
Thoracic lymphadenopathy 1 (0.30%)  

Data expressed as frequency (percentage).  

GGO: Ground glass opacity.  

Regarding CO-RADS class, there were 45  
(15.5%) had CO-RADS 1, 47 (16.2%), 18 (6.2%),  
11 (3.7%), and 169 (58.2%) patients have CO-
RADS class 2, 3, 4, and 5, respectively (Figs. 1- 
4, respectively).  

As the time between initial onset of symptoms  

and subsequent chest CT was known for the 290  

patients, the number of early-phase group was 143  
(49.3%) and the late phase group was 147 (50.7%).  

Patients in the late phase of the disease were sig-
nificantly older than those with early disease (51.40  

± 14.45 vs. 37.22± 17.37; p<0.001). The frequency  
of headache was considerably higher among pa-
tients in the early group, while fever, cough and  
dyspnea were more common in patients in the late  
phase of the illness (Table 2). Seventy-eight  

(54.5%) of the patients imaged in the early phase  

of the disease had no lung opacities compared to  
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eight patients in late phase (5.4%). In contrast,  

most (n=109, 74.1%) of the in late-phase patients  

had mixed GGO and consolidation with a signifi-
cant difference between both groups ( p<0.001).  
GGO was the most frequent lesion in the early  
group patients (23.1%) (Fig. 2) (Table 3). Multilo-
bar affection (91.8%), bilateral lung involvement  

(93.2%), peripheral and central lesion distribution  

of the opacities, bronchial wall thickening (85.7%),  

vascular enlargement (85.7%), pleural thickening  

(39.5%) and septal thickening (31.3%) were more  

likely to be found in patients in the late phase of  

illness (p<0.001). Unilobar or bilobar lung affec-
tion, unilateral lung involvement, peripheral lesion  
distribution were significantly more common in  
patients imaged in the early phase of the disease.  

Cavitation, pleural effusion and thoracic lymphad-
enopathy were all absent in the early phase group  

(Table 3).  

Lastly, we noticed that patients with late phase  

of COVID 19 have higher CO-RADS score (4&5)  

than those in early phase with a significant differ-
ence between two groups (p<0.001) (Table 4). Also  
fever, cough and dyspnea (respiratory symptoms)  
were common in high CO-RADS score ( ≥4) than  
in low CO-RADS score (Table 5).  

Table (2): Clinical data of the examined patients based on the  

phase of the disease.  

Early phase  
(n=143)  

Late phase  
(n=147)  

p - 
value  

Age (years)  
Range  

37.22± 17.37  
1-73  

51.40± 14.45  
16-85  

<0.001  

Fever  108 (75.5%)  134 (91.2%)  <0.001  
Cough  30 (21%)  112 (76.2%)  <0.001  
Dyspnea  6 (4.2%)  69 (46.9%)  <0.001  
Headache  97 (67.8%)  60 (40.8%)  <0.001  
Bone pain  33 (23.1%)  41 (27.9%)  0.21  

Data expressed as frequency (percentage), Mean (SD).  

p-value was significant if <0.05.  

Table (3): Chest CT findings based on the phase of the disease.  

CT findings  
Early phase  

(n=143)  
Late phase  

(n=147)  
p - 

value  

Lesion density:  
No consolidation or GGO  78 (54.5%)  8 (5.4%)  <0.001  
GGO  33 (23.1%)  21 (14.3%)  
Consolidation  19 (13.3%)  9 (6.1%)  
GGO and consolidation  13 (9.1%)  109 (74.1%)  

Frequency of affected lobe:  
Right lower lobe  44 (30.8%)  135 (91.8%)  <0.001  
Left lower lobe  47 (32.9%)  132 (90.4%)  <0.001  
Left upper lobe  31 (21.7%)  134 (91.2%)  <0.001  
Right upper lobe  28 (19.6%)  129 (87.8%)  <0.001  
Right middle lobe  15 (10.5%)  111 (75.5%)  <0.001  

No. of affected lobes:  

One lobe  25 (17.5%)  2 (1.4%)  <0.001  
Two lobes  14 (9.8%)  2 (1.4%)  
≥  three lobes  26 (18.2%)  135 (91.8%)  

Laterality:  
Normal  78 (54.5%)  8 (5.4%)  <0.001  
Unilateral  26 (18.2%)  2 (1.4%)  
Bilateral  39 (27.3%)  137 (93.2%)  

Lesion distribution:  
Central  4 (2.8%)  2 (1.4%)  <0.001  
Peripheral  50 (35%)  45 (30.6%)  
Both  12 (8.4%)  91 (61.9%)  

Other findings:  
Bronchial wall thickening  87 (60.8%)  126 (85.7%)  <0.001  
Vascular enlargement  32 (22.4%)  126 (85.7%)  <0.001  
Pleural thickening  13 (9.1%)  58 (39.5%)  <0.001  
Septal thickening  2 (1.4%)  46 (31.3%)  <0.001  
Pleural effusion  0  1 (0.70%)  0.50  
Cavitation  0  1 (0.70%)  0.50  
Thoracic lymphadenopathy  0  1 (0.70%)  0.50  

Data expressed as frequency (percentage).  CT : Computed tomography.  
p-value is significant if <0.05.  GGO: Ground glass opacity.  
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Table (4): Comparison between CO-RADS class and phases of the disease.  

Early phase  
(n=143)  

Late phase  
(n=147)  

p - 
value  

CO-RAD class:  
Class 1  
Class 2  
Class 3  
Class 4  
Class 5  

41 (28.7%)  
43 (30.1%)  
16 (11.2%)  
8 (5.6%)  
35 (24.5%)  

4 (2.7%)  
4 (2.7%)  
2 (1.4%)  
3 (2%)  
134 (91.2%)  

<0.001  

Data expressed as frequency (percentage).  

p-value is significant if <0.05.  
Chi

2 
 test was used for comparison between both groups.  

Table (5): Relation between the demographic data and clinical symptoms of patients with COVID 19 based on CO-RAD class.  

CO-RAD class  

I (n=45)  II (n=47)  III (n=18)  IV (n=11)  V (n=169)  
p 

 

Age (years)  26.17± 15.74  31.97± 14.07  38.27± 15.63  52.72± 13.77  52.69± 12.78  <0.001  

Sex:  
Male  16 (35.6%)  26 (55.3%)  9 (50%)  2 (18.2%)  98 (58%)  0.01  
Female  29 (64.4%)  21 (44.7%)  9 (50%)  9 (81.8%)  71 (42%)  

Fever  30 (66.7%)  29 (61.7%)  16 (88.9%)  11 (100%)  156 (92.3%)  <0.001  
Cough  0  3 (6.4%)  7 (38.9%)  8 (72.7%)  124 (73.4%)  <0.001  
Dyspnea  0  0  0  4 (36.4%)  71 (42%)  <0.001  
Headache  33 (73.3%)  34 (72.3%)  11 (61.1%)  9 (81.8%)  70 (41.4%)  <0.001  
Bone pain  7 (15.6%)  12 (25.5%)  3 (16.7%)  5 (45.5%)  47 (27.8%)  0.21  

Data expressed as frequency (percentage), Mean (SD).  p-value was significant if <0.05.  
Chi

2 
 test was used for comparison between both groups for all data exception of age that was compared with ANOVA test.  

Fig. (1): Axial and coronal non contrast CT images in 32 years old man imaged 3 days from symptoms onset (early phase) with  

CO-RADS 2, shows bilateral bronchial wall thickening (white arrow).  

Fig. (2): Non contrast axial and coronal CT chest images in 27 year sold woman imaged 4 days from symptoms onset (early  

phase), shows unifocal left upper lung lobe GGO (arrow), CO-RADS 3.  
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Fig. (3): Non contrast coronal CT images in 43 year sold  

woman imaged 8 days from symptoms onset (late  
phase), shows multi-focal, unilateral consolidations  

seen in the RT upper lung lobe, COR-ADS 4.  

Fig. (4): Axial CT image obtained without intravenous contrast  
material in a 55-year-old man imaged 10 days from  
symptom onset (late phase) with CORADS 5, shows  

bilateral consolidative opacities (white arrows), and  

GGO (black arrow) with a peripheral and central  

distribution of the lesions and multilobar affection.  

Discussion  

The increasing frequency of confirmed COVID-
19 cases is striking, but the worst scenario is the  

continually increasing number of confirmed and  
suspected cases of COVID 19 which is greater  

than the capabilities of the medical staff service.  

The RT-PCR tests have become the standard tool  

for the diagnosis of COVID-19 pneumonia, but  
owing to the shortage of the supply of these kits  

and its false negative results which often require  

repeated samples, the National Health Commission  
of the People's Republic of China has encouraged  
diagnosis of the COVID 19 based on chest CT and  
clinical findings alone [17] .  

The CT features such as GGO, consolidative  
opacities or both findings were noted in 70.3% of  
the patients. This pattern of disease, dovetails with  
the archetypal response to acute lung injury, as the  
initial acute insult (mostly inflammatory or infec-
tious) causes GGO that may coalesce into dense  

consolidative lesions [18] . Early radiology investi-
gative results (Bernheim et al., Pan et al., and Yu  

et al.) [3,8,19] . Largely concur with the findings of  
our work which reported that GGO and consoli-
dation with peripheral (32.8%) or both peripheral  

and central (35.5%) distribution of the lesions,  

multilobar affection (55.5%), bilateral lung involve-
ment (60.7%), and lower lung lobe predominance  
(61.7%), insofar is the chest CT hallmark of COV-
ID-19 infection. Interestingly, we found that most  

patients had bronchial wall thickening (73.4%)  
and vascular enlargement (54.5%) that might have  

been caused by the acute inflammatory response.  

The difference between the early and late phase  

of the disease regarding the basic clinical and CT  

features was analysed. The patients in the late  

phase were significantly older than those with early  

disease (p<0.001), which also reported by a previ-
ous study that was done by Yu et al., [19] . Headache  
was substantially higher among patients with early  
disease as it manifested in 76.8% of them, while  
patients in the late phase had a significantly higher  

frequency of fever (91.2%), cough (67.2%) and  

dyspnea (46.9%). Our investigative efforts have  

demonstrated that the frequency of CT findings is  

related to infection time course; seventy-eight  

(54.5%) of the 143 patients imaged in the early  

phase of the disease had a normal CT scan with  
complete absence of GGO and consolidation (as  
opposed to eight (5.4%) patients imaged in the late  

phase), these data are greatly consistent with the  
results of the previous study that was done by-
Bernheim et al., which reported that 56% of patients  

imaged in early phase had a normal chest CT  

compared to 4% imaged in the late phase [3] . These  
results should remain the clinicians of the impor-
tance of inquiring about the details of the mild  

symptoms (e.g headache) when seeing young age  

patients <37 years in an outpatient clinic and also  
pay the attention of the radiologist not to be fooled  
by the normal CT chest to exclude the COVID 19;  

subsequently CT chest cannot standalone to rule  

out COVID-19 infection in early phase of illnesses.  
Therefore the real-time RT-PCR is mandatory in  
the identification of patients in the early phase of  
the disease with mild clinical symptoms and normal  

CT chest, as early isolation of these patients to  

reduce human to human transmission is necessary.  

It is noteworthy that, the presence of GGO  

alone is the second most frequent chest CT findings  

after normal chest in the early phase of illness  
compared to the late phase of the disease which  
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show increasing both GGO and consolidation in  
74.1% of these patients. These results largely  
concur with the data of the previous study that was  

done by Pan et al., [8] .  

Also, the presence of unilateral lung affection  
with a peripheral distribution of the opacities and  
uni or bilobar lung involvement in chest CT also  

encourages the radiologists to diagnose early phase  

of illness. These data are consistent with a descrip-
tion in a study of the previous literature that was  

done by Han et al., [19] , which reported that the  
early chest CT findings were mostly GGO in one  
or two lobes with peripheral distribution in the  
lung.  

As the patients symptoms onset were ≥5 days  
(late phase), lung parenchymal opacities eventually,  
spread to a central area to involve both the periph-
eral and central lung zones with bilateral lung  
involvement and multilobar affection ( ≥3 lobes),  
that shows significant difference between the two  

groups in our study. Bronchial wall thickening,  
vascular enlargement, pleural thickening and septal  

thickening, which may reflect the virulence of  

COVID 19 and viral load, were also statistically  
significantly higher in patients later in the course  

of the disease, these results largely consistent with  

previous studies that was done by Han et al., and  
Li et al., [20,21] . Pleural effusion, lung cavitation  
and intrathoracic lymphadenopathy, were a rare  
features in our study that require further validation.  

These results encourage the radiologists to suggest  
the COVID 19 infection as a possible diagnosis  

especially in the case of a global epidemic of  

COVID 19, in addition to a shortage of the RT-
PCR kits supply.  

Also this study reported that early phase of  

COVID 19 has lower CO-RADS score ( ≤3) than  
in late phase with a significant difference between  

the two groups (p<0.001), this is due to little  
exudation causing minimal alveolar wall oedema  

and the alveoli is not totally replaced by exudate.  
Late phase of the disease have high CO-RADS  

score (≥4), as the disease progress the alveolar  
inflammatory exudation spreads more giving larger,  
bilateral and multiple lung patches [14] .  

More symptomatic patients have higher CO-
RADS score than less symptomatic patients and  

this concomitant with the previous literature that  

done by previous investigators [22] . CO-RADS is  
safer used in patients with respiratory symptoms  

than patients with flu like symptoms or with no  
respiratory involvement.  

There are several limitations to our study. First,  
the confirmed cases of COVID 19 were only in-
cluded; infection with other viruses and negative  
results were not included in the analysis. Second,  
we did not evaluate the follow-up chest CT of the  
patients in the early phase of the disease with  
normal CT chest to explore and monitor the CT  

changes in this group late in the disease. Lastly,  
we did not analyze the CT features of the children  

as a separate entity.  

Conclusion:  
Real-time PCR is mandatory for the diagnosis  

of patients suspected to have COVID 19 in the  

early phase of illness with normal CT chest or low  

CO-RADS score ≤3. In late phase of the disease  
or high CO-RADS score ≥4, the radiologists pro-
mote to suggest COVID 19 as a possible diagnosis  
with confidence in the global pandemic without  

the need for additional RT-PCR in the presence of  

the following chest CT features; bilateral GGO  

and/or consolidative opacities with peripheral and  

central lesion distribution and multilobar affection.  
The CORADS is not significantly reliable during  
the early stage of the disease.  
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Recommendation:  Large sample size and mul-
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References  

1- ZHU N., ZHANG D., WANG W., LI X., YANG B., SONG  
J., et al.: A novel coronavirus from patients with pneumonia  
in China, 2019. N. Engl. J. Med., 382 (8): 727-33, 2020.  

2- KOO, H.J., CHOI S., SUNG H., et. al.: RadioGraphics  

Update: Radiographic and CT Features of Viral. Radiog-
rahic, 4: 8-15, 2020.  

3- BERNHEIM A., MEI X., HUANG M., YANG Y., FAYAD  
Z.A., ZHANG N., et al.: Chest CT findings in coronavirus  
disease 2019 (COVID-19): Relationship to duration of  

infection. Radiology, 295 (3): 685-91, 2020.  

4- WANG C., HORBY P.W., HAYDEN F.G., et al.: A novel  
coronavirus outbreak of global health concern. Lancet,  

395: 470-3, 2020.  

5- MAHASE E.: China coronavirus: WHO declares interna-
tional emergency as death toll exceeds 200. BMJ, 368:  

408, 2020.  

6- LAM C.W., CHAN M.H., et al.: Severe acute respiratory  
syndrome: Clinical and laboratory manifestations. Clin.  

Biochem. Rev., 25 (2): 121-32, 2004.  

7- AZHAR E.I., HUI D.S.C., MEMISH Z.A., DROSTEN  
C. and ZUMLA A.: The Middle East Respiratory Syn-
drome (MERS). Infect Dis. Clin. North Am., 33 (4): 891- 
905, 2019.  



460 Added Value of the Chest CT Features in Diagnosis of Patients with COVID-19  

8- PAN F., YE T., SUN P., et al.: Time course of lung changes  
on chest CT during recovery from 2019 novel coronavirus  

(COVID-19) pneumonia. Radiology, 13: 200-370, 2020.  

9- XIE X., ZHONG Z., ZHAO W., ZHENG C. and WANG  
F.L.J.: Chest CT for typical 2019-nCoV pneumonia:  
relationship to negative RT-PCR testing. Radiology, 296:  
E41-E45, 2020.  

10- FANG Y., ZHANG H., XU Y., XIE J. and PANG P.J.W.:  
CT manifestations of two cases of 2019 novel coronavirus  

(2019-nCoV) pneumonia. Radiol., 295: 208-209, 2020.  

11- SONG F., SHI N., SHAN F., et al.: Emerging coronavirus  
2019-nCoV pneumonia. Radiology, 295: 210-217, 2020.  

12- HUANG C., WANG Y., LI X., REN L., ZHAO J., HU Y.,  
et al.: Clinical features of patients infected with 2019  

novel coronavirus in Wuhan, China. Lancet, 395: 497- 
506, 2020.  

13- CHUNG M., BERNHEIM A., MEI X., et al.: CT imaging  
features of 2019 novel coronavirus (2019-nCoV). Radi-
ology, 4:200230 [Epub ahead of print], 2020.  

14- PROKOP M., EVERDINGEN W., REES VELLINGA T.,  
et al.: CO-RADS: A categorical CT assessment scheme  

for patients with suspected COVID-19: Definition and  
evaluation. Radiology, 27: 201473, 2020.  

15- HANSELL D.M., BANKIER A.A., MACMAHON H.,  
MCLOUD T.C. and MÜLLER N.L.R.J.: Fleischner Soci-
ety: Glossary of terms for thoracic imaging. Radiology,  

246 (3): 697-772, 2008.  

16- AJLAN A.M., AHYAD R.A. and JAMJOOM L.G.A.A.:  
Middle East respiratory syndrome coronavirus (MERS-
CoV) infection: chest CT findings. AJR, 203: 782-7, 2014.  

17- YIJIU X.: China's Hubei reports jump in new cases of  

COVID-19 after diagnosis criteria revision. National  
Health Commission of the People's Republic of China  
website. www.en.nhc.gov/cn/2020-02/13/c_76515.htm,  

2020.  

18- IMAI Y., KUBA K., RAO S., et al.: Angiotensin-converting  
enzyme 2 protects from severe acute lung failure. Nature,  
436: 112-6, 2005.  

19- YU Q.: Relation Between Chest CT Findings and Clinical  
Conditions of Coronavirus Disease (COVID-19) Pneumo-
nia: A Multicenter Study. AJR, 214: 1072-7, 2020.  

20- HAN R., HUANG L., JIANG H., DONG J., PENG H.  
and ZHANG D.: Early Clinical and CT Manifestations  
of Coronavirus Disease 2019 (COVID-19) Pneumonia.  

AJR, (1): 1-6, 2020.  

21- LI Y. and XIA L.: Coronavirus Disease 2019 (COVID-
19): Role of Chest CT in Diagnosis and Management.  
AJR, 214: 1280-6, 2020.  

22- TURCATO G., ZABOLI A., PANEBIANCO L., SCHEU-
RER C., VENTURINI A., TEZZA G., CANELLES M.F.  
and AUSSERHOFER D.: Clinical application of the  
COVID-19 Reporting and Data System (CO-RADS) in  

patients with suspected SARS-CoV-2 infection: Observa-
tional study in an emergency department. Clin. Radiol.,  
76 (1): 74.e23-74.e29.doi: 10.1016/j.crad.2020.10.007,  

2021.  

http://website.www.en.nhc.gov/cn/2020-02/13/c_76515.htm,


Lamiaa M.R. Khalaf, et al. 461  


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

