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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) primarily 

infects the respiratory tract causing, atypical pneumonia.  Computed Tomography 

scanning non-invasive radio imaging techniques could be the most effective tools 

for the screening, diagnosis and management of COVID-19 patients. To elucidate 
Computed Tomography findings of Coronavirus disease 2019 (COVID-19) 
patients and help in early diagnosis and speed up in the treatment. And 
helps the clinicians in monitoring patient`s progression/deteriorating 
conditions of patients during the ongoing treatments approach.  This is 
hospital based retrospective study carried out in distinct hospital of Tongji 
University of Medicine, Shanghai. In this study we reported the chest 
computed tomography (CT) findings of 200 confirmed Coronavirus Diseases 
2019 (COVID-19) patients. All the chest computed tomography (Chest CT) 
was carried out using the conventional CT scanner and 64-row multi-slice 
helical CT scan machine and was performed by highly experienced radio -
technologists. All chest computed tomography scanning findings was 
interpreted by highly experienced cardio-thoracic radiologist.  Initial CT 
scanning of 200 confirmed COVID-19 infection patients predominantly 
showed ground glass opacity (GGO) (55, 94%) with the peripheral or 
subpleural distribution (154, 77%) with a rounded morphology (137, 67%). 
162 (81%) COVID-19 patients initial CT scanning showed involvement of two 
or more lobes (150, 70%) and with 128 (64%) multiple lesions. 121 (60.5%) 
of COVID-19 patients showed a unilateral distribution of lesions. Additional 
CT features like intralobular septal thickening, bronchial wall thickening, 
bronchiectasis, air bronchogram sign, air trapping, reverse halo sign, pleural 
effusion, pulmonary nodules, mediastinal lymphadenopathy were also 
reported. CT scan is a potentially significant radiological intervention which 
is commonly employed to support the rapid diagnosis and management of 
patients with of COVID-19.  
 
Keywords: Chest computed tomography (Chest CT), Coronavirus disease 2019 
(COVID-19), SARS-CoV-2, Viral pneumonia.  

INTRODUCTION 
 
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) causative agent of COVID-19 diseases was first 
confirmed in clusters of patients with pneumonia in Hubei  
province, Wuhan, Mainland China (Li and Wei, 2020; Kim et 
al., 2020). Since, December 2019 the virus has rapidly 

widespread all over globe infecting to millions of 
populations. According to the World Health Organization 
(WHO) report from 31th of December, 2019 till 18th of 
December, 2020,72,851,747 confirmed cases of COVID-19 
infection including 1,643,399 deaths  has   been  registered  
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Table 1. Case Definition for Surveillance of Coronavirus Diseases 2019 (COVID-19) by Chinese Health Commission. 
 

Suspected Case 
Present at least two Following Conditions of  
i. Fever and/or respiratory symptoms (eg Cough, myalgia, fatigue) 
ii. Imaging features of viral pneumonia 
iii. Normal or low white blood cell count or reduced lymphocytes count in early onset 
And 
One or more of the following exposures during the 14 days prior to onset of the symptoms 
1. Travel or residence history in Wuhan, other areas with recent local transmission of COVID-19 or the local 
community with confirmed patients 
2. Close contact with patient with laboratory confirmed COVID-19 (Positive for nucleic acid test) 
3. Close contact with people from Wuhan or surrounding area or local communities with fever 
4. Cluster onset  
Patients without exposure history should meet all of conditions i, ii, and iii.  
Clinically diagnosed case (added in the trial fifth edition but deleted in the trial sixth edition)  
The suspected case with typical imaging findings of pneumonia (only for Hubei) 
Confirmed cases 
Suspected cases have at least one of the following etiological evidence  
i. Positive real time polymerase chain reaction of the patients respiratory or blood specimen for COVID -19 
nucleic acid 
Viral gene sequences in respiratory or blood specimen are highly homologous to COVID-19 

 
 
 
worldwide (WHO Report, 2020). The whole genomic 
sequencing of virus showed 79.5% identical to previously 
described Beta-strains of Coronavirus virus (Enjuanes  et 
al., 2006; Sengupta, 2020; Phan et al., 2020, Yu et al., 2020).  
Over last two decades, millions of peoples has been 
becomes a victims of distinct strains of Corona virus  

including SARS-CoV virus（2002-2003, MERS-CoV virus  

（2012）and SARS-CoV-2(2019-2020) (Xu et al., 2004,  

Sharif and Kanj, 2014; Li and Wei, 2020). The WHO has  
recommended the use of distinct molecular and antigen 
antibody-based diagnostics screening techniques including 
the Reverse transcriptase Polymerase Chain reaction (RT-
PCR), Rapid diagnostic test (RDT) for screening and 
conformation of COVID -19 infection. However, the role of 
chest CT scan in diagnosis of COVID-19 is still debate. A 
numerous of studies has emphasized the significant role of 
chest CT scan in early screening, diagnosis and 
management of COVID-19 patients. However, the use of the 
plain radiographs in initial stage of COVID-19 infection had 
a limited diagnostic value. Considering the importance of 
chest CT scan the Chinese Health commission has included 
chest CT findings in i ts “Case defini tion for Surveillance of 
COVID-19 (Table 1) in order to support rapid in diagnosis 
and prompt follow-up for better results. Therefore, we 
stated the role of chest CT remains crucial and 
indispensable in the war with COVID-19 infection.  

Although a number of studies have been carried out on 
the radiological characteristics during the COVID-19 
infection, there is still inadequate information regarding 
chest imaging findings and more need to explored.  
Therefore, this study was carried out in a large cluster of 
COVID-19 patients thus to familiarize all clinicians about 
the possible radiological findings along with the clinical and 
laboratory findings. Thus, our study will also help in early 
recognition of COVID-19 disease which can further speed 
up treatment and prompt early patients’ isolation as well as  

implementation of public health surveillance, contaminants  
and response to highly infectious communicable disease.  
 
List of abbreviations 
 
COVID-19: Coronavirus Diseases 2019 
SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus-2 
SARS: Severe Acute Respiratory Syndrome 
MERS: Middle East Respiratory Syndrome  
RDT: Rapid Diagnostic Test 
RT-PCR: Reverse Transcription Polymerase Chain Reaction  
GGO: Ground Glass Opacity  
PT: Prothrombin Time   
ALT: Alanine aminotransferase 
AST: Aspartate aminotransferase. 
LDH: Lactate dehydrogenase 

 
 
METHODS  

 
Study population  

 
A total  200 confirmed COVID-19 patients admitted to 
Shanghai Tenths Peoples Hospital between January 12,  
2020 to 16 May 2020 was used to study the CT scan 
characterization in COVID-19 patient. This study was  
approved by Institutional Research Committee (IRC) prior 
to start of this research (Approval Number: 
IRC20200115113).  A verbal and written consents were 
taken from patients and information were maintained 
confidentially. Other information regarding the patients  
retrieved from institutional medical records units. 

 
Inclusion Criteria :  (1) SARS-CoV2 confirmed patients by 
any two of these test real time RT -PCR on nasopharyngeal  
or bronchopulmonary lavage (BAL) samples, or blood rapid 
antibody detection test (RDT).  



 
 
 
 
Exclusion Criteria: -No exclusion criteria was applied for 
the selection of patient for this study. 
 
Acquisition and quantitative analysis of CT  
 
Acquisition of CT images  
 
A well-trained radio-technologist performed chest CT scan 
of all suspected cases of COVID-19 infection with wearing 
the personnel protective equipment’s against SARS-CoV-2 
virus. All the CT scans was performed by using the 
conventional CT scanner and 64-row multi-slice helical CT 
scan machine. All suspected COVID-19 patients were 
instructed to laying down Convery bel t in supine position 
on and take a deep breath then hold breath for a while with 
taking a CT scan using. CT scan were performed from the 
level of the upper thoracic inlets (sternoclavicular joint) to 
inferior costophrenic angl e level (lungs base).  The 
following parameters were used: detector collimation 
widths 64 x 0.6 mm, 128 x 0.6 mm, 64 x 0.6 mm and 64 x 
0.6 mm, X-ray tube current 100 mA; and tube voltage 120 
kVp. All image data obtained were transmitted directly 
workstation and picture archiving and communication 
system (PACS). Both mediastinal and lung window images  
were displayed using monitors.  
 
CT Scan image interpretation  
 
All the Chest CT scan images obtained at Shanghai Tenth 
Peoples hospitals were analyzed by radiologist with an 
experience of 10 years’ experience in cardio -thoracic  
radiologist. All the digital imaging and communication in 
medicine (DICOM) images from CT studies were analyzed 
without access to clinical or laboratory findings. CT scan 
findings were independently and freely interpreted by  
evaluators in both axial CT images and multiplanar 
reconstruction images. Any disagreement was resolved by  
discussion and consensus. All the characteristics of our 
cohort`s CT scanning images are summarized in the 
appendix.  
 
CT Image analysis  
 
All CT images were reviewed by the two highly experienced 
cardiothoracic radiologist of our hospital. In this study, 
were evaluated all the thin section CT findings of 200 
patients for the presence of following CT characteristics: 
(a). Presence of ground gl ass opacities (GGO), (b) 
consolidation of the lungs, (c) unilateral/bilateral  
involvement of the lungs  (d) number of lobes  affected, (e) 
distribution and opacity  characteristic, (f) pulmonary  
nodules and pleural effusion, (g) mediastinal  
lymphadenopathy, (h) crazing paving pattern, (i) reverse 
halo sign (j) underlying lungs diseases such as pulmonary  
emphysema or pulmonary fibrosis. Other abnormalities  
including Cavitation, reticulation,  interlobar septal  
thickening, calcification, bronchiectasis and bronchus  
deformation due to fibrosis and spikes lesions were also 
sutudied.  
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Statistical analysis  
 
Continues variables and categorical variables data were 
used in this article. Continuous variables were presented as  
mean+/- standard deviation. Categorical variabl es were 
presented as frequencies and percentages. Frequencies,  
standard deviation and mean were calculated using 
Microsoft office excel 2010.  
 
 
RESULTS 
 
Demographics of the patients  
 
Study population  
 
A total of 200 patients including 146(73%) mal e and 54 
(27%) females were included in this study. Patients  
between ages of 0 and 80 years (Mean age, 40 years).  
Demographics characteristics are summarized in Table 2.  
Out of 200 CPVID-19 patients, 102 (51%) of 200 COVID-19 
patients had the history of travelling or residing to Wuhan 
city and surrounding area or communities while,28(14%) 
had history of close contact with COVID -19 patients and 
70(35%) were unaware howCOVID-19 infection was  
caught.  
 
Clinical Characteristics and Comorbidity of patients 
 
Fever 138(69%), cough126(63%), myalgia 82(41%),  
headache 56(28%), dyspnea 56(28%), were the most 
predominate clinical manifestation presented by COVID-19 
patients. Meanwhile, chest pain 14(7%), vomiting 14(7%) 
and diarrhea 6(3%) as the minor clinical manifestation 
presented by 200 patients throughout the course of 
infection (T able 2) 
A total of 12 patients participated in this study had a 
distinct underlying condition including 4(2%) chronic 
pulmonary diseases, 2 (1%) chronic pulmonary diseases,  
2(1%) diabetes, 4 (2%) were chain smokers. None of the 
patients had hypertension, chronic kidney diseases, and 
cerebrovascular diseases.  
 
Hematological and biochemical findings  
 
Laboratory findings have been documented for all the 
hospitalized patients with COVID -19infection (Table 3).  
Complete blood cell (CBC) count shown no alternation in 
Red blood cell count (RBC) and Thrombocytes count 
however in 44 (22%) decreased white blood cell count in 
COVID-19 patients. Differential leucocytes count showed 
4(2%) neutropenia and 94(47%) lymphocytopenia 
however no alternation basophils and eosinophil count in 
COVID-19 patients.  

Similarly, in 1- 2% of patients, blood coagulation profile,  
Prothrombin Time (PT), A partial Prothrombin Time 
(APPT) and D -dimer during the COVID-19 infection showed 
a significant increase during COVID-19 infection.  

Liver      function       tests       including     Serum     Alanine 
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Table 2. Demographics and baseline characteristics of patients with severe SARS-CoV-2 pneumonia 
 

Patients Characteristics Features No/Percentage 
Age Group  0 – 20 5(2.5%) 

21 – 40 68(34%) 
41 – 60 65(32.5%) 
61 – 79 28(14%) 

80above 22(11%) 
Sex Male 146(73%) 

Female 54(27%) 
Exposure History Travel to epidemic areas (Wuhan) 102 (51%) 

Exposure to COVID-19 patients 28(14%) 
Unknown exposure 70(35%) 

Comorbidity Chronic cardiac diseases 2(1%) 
Chronic pulmonary diseases 4(2%) 

Diabetes 2(1%) 
Chronic Kidney diseases - 

Hypertension - 
Clinical Manifestation Fever 138(69%) 

Cough 126(63%) 
Dyspnea 56(28%) 
Myalgia 82(41%) 
Malaise 46(23%) 

Chest pains 14(7%) 

Headache 56(28%) 
Vomiting 14(7%) 

Test For COVID-
19  

RDT Testing  Initial RDT Positive  104(52%) 
Any Time RDT Positive  116(58%) 

RT-PCR Testing  Initial RT-PCR Positive  146(73%) 
Anytime RT-PCR Positive  200(100%) 

  

Note- RD T- Rapid Di agnos tic Tes t  
RT-PCR- Revers e Tr anscription Po lymeras e Ch ain reaction   
Note- Perc entage in brack ets h as been mentioned in rou nd figure.  

 
 

Table 3. Hematological and biochemical finding of the confirmed cases of COVID-19 infection 
 

Laboratory findings  Reference ranges  Increased Decreased 
RBC count  4.3-5.9 million/mm3 - - 
White Blood Cell 4500-11,000/mm3 1%`` 22% 
Platelets count  150,000-400,000/mm3 12(6%) - 
Differential Leucocytes Count  

Neutrophils  2500-8000 per mm3 (55-70%) -- 4(2%) 
Eosinophils  50-500 per mm3 (1–4%) - - 
Lymphocytes  0-500 per mm3 (1–4%) - 92(46%) 
Basophils  25-100 per mm3 (0.5-1%) - - 
Monocytes  1000-4000 per mm3 (20–40%) - - 

Blood Coagulation Profile      
Prothrombin time 10.0-13.0 Sec 2(1%) - 
APPT 23-30 Sec 2(1%) - 
D-dimer test 0.1-0.45 4(2%) - 

Liver Function test 
Albumin mg/dl 40 to 60 g/L - - 
AST U/L 0 to 45 IU/L 70(35%) - 
ALT U/L 0 to 35 IU/L 56(28%) - 
Lactate dehydrogenase, LDH (U/L) 100 to 190 units/L 140(70%) - 

Kidney function test 

Sodium (Na+) 135 - 145mEq/L 4(2%) - 
Potassium (K+) 3.5 - 5.5 mEq/L 4(2%) - 
Creatinine MB, CK-MB (U/L) 3.5 to 5.5 mEq/L 134(37%) - 
Urea 0.7 to 1.2mg/dl 6(3%) - 

Inflammatory Markers  
C-reactive Protein 3.0 mg/L. 104(52%) - 
Erythrocytes Sedimentation Rate (ESR) 0 to 22 mm/hr 4(2%) - 
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Figure 1: CT findings in patient with RT-PCR confirmed COVID-19 infection 
 

An axial CT image obtained without intravenous contrast in a 54-year-old male shows: (Panel A) Peripherally 
distributed Ground-glass opacities with rounded morphology (arrow) in both the lungs at the time of initial 
presentation. (Panel B) 3 days later, on repeat scan of the same patient we found that the size of Ground-glass 
opacities has increased bilaterally with peripheral predominance involving both the lower lobes. Crazy paving 
pattern is also seen. This demonstrate that the disease has advanced. (Panel C) 7days later or as the disease 
progress, GGOs with superimposed consolidation (arrow) is seen. (Panel D) As the disease further advances or 10-

14 days later, reverse halo sign (Atoll sign) is seen. 

 
 
 
aminotransferase (ALT), aspartate aminotransferase (AST),  
total bilirubin (TBIL), Lactate dehydrogenase (LDH) were 
found to be elevated in 56(28%), 70(35%), 42(21%) and 
70 (35%) of patients however, albumin,  
Albumin/Globulin(A/G) ratio of patients was normal.   

Additionally, patients renal function test  showed 
increased in 70(35%) serum creatinine level, 4(2%) serum 
electrolytes Na+ & K+ level, and 6(3%) urea. There had 
been slight increase in Cardiac biomarkers including lactate 
dehydrogenase (LDH), creatine kinase (CK) and creatine 
kinase isoenzyme MB (CK-MB). Similarly, investigation on 
the inflammatory markers showed an increased in 104 
(52%) C-reactive protein level (CRP), IL-6 and 4 (2%) ESR 
in COVID-19 patients. Similarly increases  in procalcitonin 
was found in 16% of COVID-19 patients.  
 
Initial CT finding  
 
Excluding 12 patients with a normal initial chest CT scan,  
the remaining 188 (94%) of 200 patients 172(86%) had 
COVID-19 diseases with affected at least one lobe.  

Ground-glass opacities and consolidation  
 
In the Initial Chest CT scanning of 180 patients showed the 
presence of single or multiple rounded/irregular ground 
glass opacities (GGO) and consolidation alone or in 
combination in the affected parts of lungs. Of 200 
patients,90% patients had GGO, consolidation or both, 48% 
had GGO without consolidations, 14% had consolidation 
but no GGO, 52% had GGO and consolidation, whereas74% 
had ei ther GGO or consolidation of lungs (Figure 2 & 3). 
Meanwhile, 12 (6%) patient’s chest CT scan showed 
absolutely normal chest with no GGO and consolidation at 
the time of admission (Table 4 and 5).  
 
Lungs Involvements  
 
Chest CT scan of 200 COVID-19 patients showed the 
involvement of single or all the five lobes of lungs. Lesions  
were distributed predominately in peripheral and 
subpleural regions of the lungs. Our study finding showed 
that   among  188  patients,  22 patients  (11.7%)  had   one  
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Figure 2: CT findings in patient with RT-PCR confirmed COVID-19 infection 
 
A 53-year-old  female pres ented  to our  hospital with  th e chi ef co mplain of f ever, cou gh  and h eadach e for 4 d ays with  a history of 
exposur e to CO VID-1 9 infected p atient. An axial c hest CT withou t contr ast w as done, the findings of which ar e listed b elow :  
(Panel A) At the time of initial presentation, small ill- defined ground glass Opacification (GGOs) with rounded configuration  
(arrow  in A) was s een.  (Panel B) 7 days later, the p atient  sudd enly became dyspno eic and was  shifted  to I CU. The repeat sc an of  
the s ame patient  show ed- diffuse GGOs with so me areas of developing conso lidation  with dilated bro nchioles.  The GGOs has  
increased in sized as co mpar ed to th e initial pr esentation involving almos t all the lobes of both the lungs with peripher al 
predo minanc e and bronchus defor mation w as also seen. No cardiac abnor mality, lymph no de enlargement and pleur al effusion 
was seen in th e sc an.  

 
 

 
 

Figure 3: CT findings in patient with RT-PCR confirmed COVID-19 infection 
 
A 46-year-o ld female pres ented to o ur hospital with th e chi ef complain of fever, cou gh and shortness of br eath  for 10 d ays 
with a trav el history of Wuh an. An axi al ch est CT without  contras t was done, the findings of which ar e listed b elow : 
(Panel A) At the time of hospital ad mission, bilateral mu lti -lobu lar ill- defined ground glass Opacification (GGOs) with 
peripher al or posterior in distribution was seen. In this scan, the low er lobes are mor e sever ely affected as compared to  
other lob es. Interlobu lar septal thickening with crazy paving pattern w as s een.  
(Panel B) 3d ays later during follo w-up sc an, diffuse GGOs with some areas of developing consolid ation was s een. I nter -
lobular septal thickening with cr azy paving pattern was more marked in this scan.  
(Panel C) 7d ays later during follow-up s can in the same p atient, bilaterally diffuse GGOs with superimpos ed conso lidation  
was seen. No speci al lobe involv ement was s een.  
(Panel D ) 14 days later during follow-up scan in th e same patient, diffuse GGOs with superimpos ed conso lidation was  
seen which w as almost symmetrical in both the lungs. No special lobe involv ement was s een. Here also mor e sev erely 
lower lobes are affec ted and pr esence of so me broncho grams c an be seen.  
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Table 4. Initial Chest CT Findings of 200 Confirmed Cases of COVID-19 Infection 
 

Features  Total no of Patient(n=200)  
Radiological findings Presence Ground-glass opacities and consolidation  112(56%) 

Absence of both ground-glass opacities and consolidation  8(4%) 
Presence of either ground-glass opacities or consolidation 146 (73%) 
Presence of ground-glass opacities without consolidation  94(47%) 
Presence of consolidation without ground-glass opacities 18(9%) 

Lobes affected 0 20(10%) 
1 22(11%) 
2 24 (12%) 
3 40 (20%) 
4 46 (23%) 
5 52 (26%) 

More than two lobes affected 161 (81%) 
Lobes involvement Right upper lobe 94(47%) 

Right middle lobes 62 (31%) 
Right lower lobe  162 (81%) 
Left upper lobe 86 (43%) 
Left lower lobe 94 (47%) 

Opacification and 
distribution 

Rounded morphology 134(67%) 
Linear opacities 26(13%) 

Crazy-paving pattern 42(21%) 
Reverse Halo Signs 6(3%) 

Air bronchogram Sign 94(47%) 
Air trapping 22(11%) 

Distribution of 
Opacity in 188 

Peripheral distribution 186 (99%) 
Central/peribronchovascular opacity 2(1%) 

Other findings Discrete pulmonary nodules - 

Pleural effusions 2(1%) 
Mediastinal Lymphadenopathy - 

Pulmonary emphysema 4(2%) 
Pulmonary fibrosis - 

Interlobular septal thickening 126(63%) 
Bronchiectasis 2(1%) 

 

Note: GGO- Ground Glass Opacity 

 
 

Table 5. Qualitative Changes in Follow-Up Chest Scan 
 

Chest CT Findings Disease Situation No of Patients(n=80) 

Same findings seen as that of initial Chest CT No Change 2(3%) 
Decreased in number and size of opacities and density of consolidation as 
compared to initial scan or previous scan with decrease in affected lobes 

Diseases 
improvement 

8(10%) 

Small sized, single or multiple opacities, presence or absence low density 
consolidation, unilateral or bilateral lungs involvement affecting 1 or 2 lobes 

Mild disease 
progression 

36(45%) 

Increases in number and size of opacities and density of diseases progression, 
bilateral lungs involvement affecting more than 1 lobes but less than 5 lobes 

Moderate diseases 
progression 

17(21%) 

Increases in number and very big size opacities, high density consolidation, 
involving almost the 5 lobes of both lungs. 

Severe disease 
progression 

17 (21%) 

 
 
 
affected lobe, 33 patients (17.5%) had two affected lobes,  
39 patients (20.7%) had three affected lobes, 43 patients  
(22.8%) had four affected lobes, and 51 patients (27.1%) 
had disease affecting all five lobes. Hence, we concluded 
that 166 patients (88.2%) had 2 or more affected (Figure 
4). Depending number of lesion and the lobes involvement,  
we classified the severity of the disease as graded as normal  
(0%), minimum (1- 20%), mild (21-50%), moderate (51 –  
70%) and sever (71% or above). We also estimated the 
lobes scores as 0, 1, 2, 3 and 4 depending upon no 

involvement/lesion, minimum involvement, moderate, and 
sever involvement of lungs respectively. Total severi ty of 
lungs was determined with the addition of five lobes score 
ranging from 0 – 20.  

Similarly, our study findings showed that patients right 
lobes were predominately affected compared to patients  
left lungs lobes. In 94(47%) right lungs upper lobes were 
affected, 62(31%) had right middle lobes affected and 
162(81%) had right lower lobes affected. Meanwhile the  
left    lungs   lower  lobes   were   involved  in  65(43%) and 



Int. Res. J. Pub. Environ.         44 
 
 
 

 
 

Figure 4: CT findings in Coronavirus Disease 2019 (COVID-19) infected patient 
 

A 42-year-old male presented to our hospital with the chief complain of fever and cough from 1 day with a travel history 
of Wuhan. An axial unenhanced chest CT was done, the findings of which are reported as: bilateral multi-lobular patchy 
ground glass Opacification (GGOs) with peripheral or posterior in distribution was seen. No any special lobe involvement, 
inter-lobular septal thickening, lymph node involvement and cardiac anomaly were noted in the scan. 

 
 
 
94(47%).  
 
Lesion and its distribution in lungs  
 
COVID-19 patients had a single or multipl e pulmonary  
lesion. In 74(36%) had a single lesion and 128(64%) 
patients had a multipl e lesion in their lungs.  121(60.5%) 
patients showed a unilateral lesions distribution in 
including 46(23%) left and 75(37.5%) right. Additionally, 
79 (39.5%) of patients showed a bilateral distribution of 
lesion. 
 
Opacification and distribution  
 
Of the 200 patients,188 showed the lungs opacities. In 
terms of opacities distribution of COVID -19 diseases ,98% 
of opacities were distributed towards the periphery (Figure 

2) but only the 1% distributed centrally. 160/188 (85%) 
had a bilateral lungs involvement disease and only 
40(15%) had unilateral lungs involvement. Linear 
opacities, a “crazy-paving pattern and reverse holo signs  
were absent in all the patients at the early stage of disease.  
However, with the progress of the disease linear opacities,  
crazy-paving pattern and reverse halo signs were in 
26(13%), 42(21%) and 6(3%) respectively. 134 (67%) of 
the initial 200 patients demonstrated ground glass and 
consolidative opacities with rounded morphology (Table 4 
and 5, Figure 1).  
 
Others findings 
 
In additional to above CT finding in COVID-19 infected 
patients we, also noted some other signs on chest CT 
images   in  those patients. Chest   CT scan  of   patients  with  



 
 
 
 
GGO or consolidation with ill-defined margin, interlobular 
septal thickening (Figure 3) in 126 (63%), bronchial wall 
thickening in 24(12%), bronchiectasis in 2(1%) patients,  
air bronchogram signs in 97(47%) patients, air trappings in 
22(11%), and reverse holo signs in 6(3%).    

CT scan imaging of patients notably demonstrate 
Thoracic/mediastinal lymphadenopathy, lungs cavitation,  
discrete pulmonary nodules, pulmonary fibrosis were 
notably absent in all the patients and only 2(1%) had a 
trace of pleural effusion.  

Our study has also reported certain addition CT features  
in COVID-19 infected patients but they are very uncommon.  
 
Follow-up CT scans 
 
In the initial CT-scan, patients with a pulmonary lesion 
suggestive of viral infection were followed up with a five 
consecutive chest CT scans. The initial chest CT scan 
examination, 80(53%) showing lesions suggestive of a viral  
pneumonia underwent for 3 -5 consecutive follow-up chest 
CT at a time interval between 0 –15 days depending upon 
the severity of diseases. In 3%(2) follow-up chest CT scan 
showed no change in initial CT findings.  However,  
45%(36), 21%(17) and 21%(17)demonstrated mild, 
moderate and severe disease progression respectively 
(Table 5).  
 
 
DISCUSSION 
 
The SARS-CoV-2 pandemic outbreak has become a serious  
global health burden. It primarily infects the lower 
respiratory tract. In COVID-19 infection peripheral or 
subpleural region distribution of GGO is most common.  
Chest CT- scan a radio imaging technique of great 
importance in detection of GGO and consolidation of lungs  
at the early stage of disease. And thus, helps in management 
of patient and to prevent spread of the infection. However,  
plain chest radiology (X-ray) is less sensitive in detection of 
GGO and to demonstrate the common findings in early 
stage of disease. Thus, the use of plain chest radiology in 
early stage of COVID-19 infection is not recommended but 
use of thin slice chest CT which is more effective in early 
detection of COVID-19 pneumonia (Phan et al., 2020; Ng et 
al., 2020). WHO and CDC recommended the used of RT -PCR 
as gold standard test for the co nfirmation for COVID-19 
disease. Our study showed, 150 (75%) of 200 patients  
showed initial RT -PCR positive however 200 patients  
showed anytime RT-PCR positive. Therefore, RT -PCR 
positive for COVID -19 remains just the reference standard 
(Lei et al., 2020). A several studies had reported chest CT 
scan as the most reliabl e and highly sensitive with a 
diagnostic accuracy (91-99%) imaging modality to support 
the rapid diagnosis in suspected cases of COVID-19 
pneumonic infection within a few days before the onset of 
symptoms. And they also claimed that chest CT scan can 
accurately diagnosed COVID -19 infection in the very early 
stage of disease at which RT-PCR tests from 
nasopharyngeal or throat swabs test  remains  negative i.e.,  
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false negative (Xie et al., 2020; Fang et al., 2020; CDC 
report-2020).  

Initial chest CT scanning was entirely normal in 12 (6%) 
patients and 8(4%) had no GGO and consolidation. Hence,  
initial CT scaning of 180 suspected COVID patients it 
correctly diagnosed the COVID infection with a sensitivity 
90% which is comparable to standard RT-PCR results. Xie 
et al. (2020) and Fang et al. (2020) compared the detection 
rate of initial chest CT and RT-PCR and reported a higher 
detection rate for initial CT than first RT-PCR which 
supports our study too. A systematic review on 356 
patients  reported  a  normal  CT    finding    in    11.5%  
COVID-19 confirmed patients. Thus, diagnosis of the 
COVID-19 patients should not rely on the single diagnostic  
tools.  

In severe 2019-nCoV affected patients, CT can 
demonstrate diffuse heterogeneous consolidation with 
GGOs in bilateral lungs with air bronchial sign, air trapping 
and bronchiectasis (Figure 2 and 3), often presenting as  
“white lung” when most lung lobes are affected. Patients  
also may present with interlobular septal thickening,  
bronchus deformation due to fibrosis and spike lesions, 
reverse halo sign and small pleural effusion.  

In our radiographic series, the most frequent alternation 
in GGO development and consolidation of lungs,  or 
presence of GGO alone or in combination with other 
alternations, resembling the radiographic appearance 
described in others coronavirus-rel ated pneumonias. With 
the progression of the diseases the GGOs will rapidly 
increase the number, extent, and density of GGOs grow,  
demonstrating consolidation and crazy-paving pattern as  
the disease progresses into severity. Our study follow-up 
chest scan report showed that decrease in number and size 
of opacities and density of consolidation  as compared  to 
the initial  scanning indicating the improvement in state of 
disease.  Chung  et  al.  (2020)  also  reported  a  similar type 
of findings (Lei   et    al.,   2020).  Ng   et  al.  (2020)  have      
also been reported GGO and consolidation of lungs as the 
most predominant changes during infection with COVID-19. 

In our study initial  chest  CT  scan  of  200 patients,  
8(4%) showed the absence of both GGO and consolidation; 
in fact, these 12  patients  had entirely normal CT  scan at  
the time of presentation but during the follow-up scan even 
their chest CT showed the presence of pneumonia. Thus, 
herein we conclude chest CT findings are nonspecific for 
COVID-19 diagnosis but in combination with other findings  
as described in Tabl e 1and 4, it plays a major role in 
diagnosis of COVID-19 at any disease stage. Therefore,  
Chinese Health Commission has included chest CT findings  
in its “Case Definition for Surveillance of COVID-19 (Table 
1) so as to aid rapidity in diagnosis and follow-up of COVID-
19 patients (Liu, 2020).  

Several  studies  have  reported  a  predominant,   
although not significant, localization of the lesions in the 
lower lobes (Fang et al., 2020; Hossain et al., 2020). Our 
findings confirm these observation and measures are 
significantly higher, frequency of involvement of the lower 
lobes relative to the middle lobes, And similarly, the upper 
lobes involvement relative to the lower and middle lobes.  
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Bilateral involvement of lungs was seen in 127(85%)  
COVID-19 patients which is unsual during SARS and MERS 
infection. SARS-CoV and MERS-CoV usually have unilateral  
lung involvement (Liu, 2020).  In our study normal chest CT 
scan was reported in 12 (6%) patients in initial stage of 
COVID-19 diseases. However, Ng et al. (2020) reported 9% 
COVID-19 patients with normal chest CT scan.  

We reported CT finding of COVID-19 differs from those of 
SARS-CoV and MERS-CoVCT finding (Franquet, 2020; Koo 
et al., 2020; Chan et al., 200; Wong et al., 2003). Our, study  
findings showed reverse halo sign in 6(3%) COVID-19 
patients. Similarly, multifocal lungs lesions observed during 
the COVID-19 infection but single unifocal lesion is seen 
during SARS-CoV and MERS-CoV infection (Sharif and Kanj,  
2014). Chung et al. (2020) CT can be most crucial tools that 
can be useful in the diagnosis of peopl e with COVID-19 in 
adults and old people.  
 
Limitation of the study  
 
Nevertheless, this study had several limitations. First only 
200 COVID-19 confirmed patients were included which 
could cause biases in clinical observation and radiological  
findings. Secondly, duration of study period is too short.  
Thirdly no lungs tissue biopsies were obtained to assess the 
correlation between radiological and histopathological  
findings.  
 
CONCLUSION 
 
Our study findings showed that chest CT scan possess 
higher sensitivity of 90%so i t can be applied for the rapid 
and early diagnosis of the COVID-19 infection thus  
preventing it`s spread to community level. Although the 
disease resembles  some similarities with other members of 
Coronavirus but differences exist as well. Typical CT 
features of COVID-19 infection is multifocal bilateral GGOs 
with patchy consolidation, predominately in the peripheral  
sub-pleural distribution and preferred posterior part or 
lower lobe predilection. Along with Chinese Heal th 
Commissions, our study also suggest to include the thoracic  
CT as standard method for diagnosis of COVID-19. This 
study also enables to include CT as a regular diagnostic tool  
for COVID-19 especially to those hospital or community  
lacking nucleic acid testing kits. So, during this pandemic 
outbreak of COVID -19,  a especial preference should be 
given for initial chest scanning.  
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