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Abstract

Background: COVID-19 can be symptomaticand asymptomatic in patients. The evaluation and treatment of
asymptomatic patients is a critical component in halting or slowing the spread of the disease.
Objectives: To investigate the correlation between clinical characteristics and chest CT findings in symptomatic and

asymptomatic Covid-19 patients.

Methods: A total of 458 COVID-19 patients, positive chest CT and RT-PCR were included retrospectively.
Demographic, signs, and symptoms as well as CT imaging characteristics were recorded and compared between

symptomatic and asymptomatic patients who had no comorbidities.

Results: Of the 458 SARS-CoV-2 cases, 383 (83.6%) were symptomatic and 75 (16.4%) were asymptomatic cases.
There was no significant gender difference between the two groups. Compared to the symptomatic group, the

asymptomatic patients were younger (P = 0.000). The most common symptoms among the symptomatic patients
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were fever 306 (66.8%) and cough 242 (52.8%). CT imaging revealed Ground-Glass Opacities (GGO) was the most
common pattern inboth asymptomatic and symptomatic patients(69.3% and 62.7%, respectively)and it was
present alone or with consolidation. Symptomatic patients showed considerably higher peripheral and central
distribution, compared to asymptomatic patients, 200 (52.2%) vs 20 (26.7%). While, the peripheral distribution was

significantly higher in asymptomatic patients, 53 (70.7%) vs 177 (46.2%).
Conclusions: Asymptomatic COVID-19 infections may be silent with significant clinical risk due to possible delayed
symptoms and a high proportion of positive chest CT imaging findings. A combination of RT-PCR testing and chest

CT can be used for the optimum identification of infected asymptomatic patients.

Summary: A combination of RT-PCR and chest CT scan distinguished the presence of chest findings in symptomatic

and asymptomatic covid-19 patients who had no comorbidities.

Keywords: Chest CT, COVID-19, SARS-CoV-2, symptomatic patients, asymptomatic patients.

Highlights

e Fever and cough are the most frequent symptoms in SARS-CoV-2 symptomatic patients.

e Younger patients had significantly higher asymptomatic infections than elderly patients.

e Bilateral GGO is often peripherally located in asymptomatic patients.

e Bilateral GGO was shown as a mixed peripheral and central distribution in symptomatic patients.

e Reversed halo signs and crazy paving were observed significantly in symptomatic patients.

Abbreviations
COVID-19(Coronavirus Disease 2019),CT (Computed Tomography), GGO (Ground-Glass Opacities),RT-
PCR(Reverse Transcription Polymerase Chain Reaction), SARS-Cov-2 (Severe Acute Respiratory

Syndrome Coronavirus 2).

Introduction

The novel coronavirus disease (COVID-19 or SARS-CoV-2 infection) pandemic is currently a major global
issue (1). SARS-CoV-2, which causes a severe acute respiratory syndrome, is evolving and expanding
rapidly and its full spectrum of effects is becoming evident, from mild respiratory tract illness to acute
respiratory distress syndrome (ARDS), leading to multiple organ failure and death (2). Typical COVID-19

symptoms involve fever, cough, muscle soreness, chest pain, andsputum. However, asymptomatic
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COVID-19 accounts for approximately 1-73% of all reported cases (3). In asymptomatic individuals, the
great majority of infections are still unrecorded. Containment and mismanagement depend, in the
meantime, strongly on rigorous isolation that relies on symptoms to diagnose or to self-identify in
asymptomatic patients (4). As evidenced by several previous studies, patients with asymptomatic
COVID-19 infection are likely to cause infection and have a non-neglective role in the epidemic’s spread
(5-7).Currently, RT-PCR is considered as a gold standard diagnostic test to diagnose SARS-CoV-2(8).
However, the positive rate of COVID-19 nucleic acid testing by RT-PCR is only about 30-50% (9). The
high proportion of SARS-CoV-2 false-negative RT-PCR results definitely adds to the challenge of treating
the present COVID-19 outbreak, since misdiagnosed patients may miss the best time for adequate
treatment, causing disease spread (10). COVID-19 patients frequently have chest CT imaging
abnormalities (11). Chest CT is highly suggested in suspected SARS-CoV-2 patients due to the major
involvement of the respiratory system for both initial evaluation and follow-up (12). Recent SARS-CoV-2
research reported the RT-PCR sensitivity is as low as 70% (13,14) because of difficulties with sample
collection, handling, and performance of the kit (15), while CT sensitivity is 97% (16,17). Additionally, the
CT examination is quite significant not only in diagnosing SARS-CoV-2 but also in evaluating therapy
efficacy and monitoring the progression of the disease (16). The clinical characteristics and chest CT
findings of symptomatic infection of COVID-19 who had no comorbidities have not been fully studied
and rarely compared with asymptomatic infection. This study aimed to fill the gap via comparison of
clinical characteristics and chest CT findings of symptomatic and asymptomatic SARS-CoV-2 individuals
confirmed with RT-PCR with no comorbidities using the single isolation hospital data. By this, our study
is the first in our country to analyze the chest CT results of symptomatic and asymptomatic COVID-19
patients. We believe that the findings could provide sufficient evidence for the management of

asymptomatic infection with COVID-19.
Materials and methods

1. Patients

In this retrospective cross-sectional study, the written approval of the local ethics committee was
obtained, and formal informed consent was waived. There was no potential risk to patients. Patients
with SARS-CoV-2 were admitted to our hospital which was designated to isolate and treat COVID-19
patients from 20 November 2020 to 9 March 2021. In this study, a chest CT scan was performed either
because of a contact history with patients who had been diagnosed or suspected of having SARS-CoV-2

or because of a high exposure risk due to travel to high prevalence regions. Before CT scanning, all of the

12687



Nat. Volatiles & Essent. Oils, 2021; 8(4): 12685-12700

confirmed patients of SARS-CoV-2 were defined as a positive RT-PCR test using pharyngeal swab
specimens (18) obtained from the central laboratory of Public Health.

Patients with positive RT-PCR laboratory results and positive chest CT findings were included. Whereas,
patients with positive RT-PCR results but negative CT findings, patients with underlying comorbidities,

patients with incomplete medical data, or patients with motion CT artifact were excluded.

Definition of Symptoms of COVID-19

A total of 458 patients were included in this study. Patients were divided into symptomatic and
asymptomatic groups. COVID-19 patients were categorized as symptomatic if they reported at least one
of the disease's typical or atypical symptoms, such as fever, cough, shortness of breathing, loss of
appetite, chills, diarrhea, and vomiting (3). Otherwise, patients were classified as an asymptomatic

group.

2. Data Collection

The demographic, clinical characteristics, and CT scans of the chest were obtained from patients’ files.
Clinical symptoms, including fever, cough, shortness of breathing, loss of appetite, chills, diarrhea, and
vomiting were extracted. The pattern of the lesions, distribution, and predominance of the lesions in

chest CT images was recorded and analyzed.

3. Chest CT Protocols

All of the images were obtained with one of three different CT systems (Revolution, 128 slices [GE
Healthcare], Bright speed, 16 slices [GE Healthcare], and Aquilion, 64 slices [Toshiba]). To reduce motion
artifacts, patients were positioned in the supine position for a single inspiratory breath-hold. A standard
low dose chest CT protocol was applied when possible. The main scanning parameters were as follows:
tube voltage = 100 KVp, 60-100 mAs, the field of view = 350 mmx 350 mm, and matrix size = 512 x 512.
After that, all of the images were reconstructed using a lung and mediastinum kernel with a slice

thickness of 0.625-2 mm and a 70% increment.

4. Image Analysis
Tow radiologists with 17 and 12 years of experience in interpreting chest CT images, reviewed all chest
CT images on a picture-archiving and communication system (PACS) with multiplanar reconstruction

tools. The reviewers were blinded to the symptoms of Statius. The described parameters evaluated
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include the main CT pattern (GGO, consolidation, and GGO with consolidation). The predominance of
the infected lung was categorized as right lung, left lung, as well as right and left lungs..Transverse lesion
distribution patterns were visually characterized as peripheral predominant (involving mainly the
peripheral one-third of the lung), central, or both peripheral and central distribution (8). The distribution
of pulmonary defects was also described as bilateral and unilateral distribution. The presence or
absence of reversed halo sign, crazy paving, interlobular septal thickening, pleural effusion, thoracic
lymphadenopathy (as defined by lymph node with a size of 2 10 mm in short axis dimension) (8), and

Pulmonary nodules were also described.

Statistical Analysis

The quantitative variables were presented in terms of mean * standard deviation (range), categorical
variables were presented in terms of frequency and percentage of the total, and the differences
between symptomatic and asymptomatic groups were compared by chi-square or Fisher exact test
between groups. Statistical significance was defined as a two-sided p < 0.05. All statistical analyses were

performed with SPSS software (version 24.0, IBM).
Results

1. Clinical Findings

The study population comprised 458 COVID-19 infected patients (259 (56.6%) male, mean age, 43.78
years +14.89, range:15-88 years; 199 (43.4%) female, mean age, 41.82 years +14.10, range: 14-80 years.
Of these patients, 383 (83. 6%) were symptomatic and 75 (16.4%) were asymptomatic. The most
common symptoms when admitted were fever in 306 (66.8%) patients and cough in 242 (52.8%)
patients. Table 1 provides a summary of the demographic and clinical features of the study groups.
There was no statistically significant difference in gender affected by COVID-19. As shown in Table 2,
asymptomatic infections were significantly more common in younger patients (10-29) than in elderly

patients (>30). While symptomatic infections were predominance in patients more than 30 years old.

2. Chest CT Findings

CT patterns were compared between symptomatic and asymptomatic COVID-19 individuals. Table 3
summarizes the results. Of 383 (83.6%) symptomatic COVID-19 patients, 240 (62.7%) patients had GGO,
41 (10.7%) consolidation, and 102 (26.6%) GGO with consolidation. Of 75 (16.4%) asymptomatic COVID-
19 patients, 52 (69.3%) patients had GGO, 11 (14.7%) consolidation, and 12 (16.0%) GGO with
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consolidation (Fig. 1). In terms of the prevalence of lung parenchymal results, asymptomatic patients
showed significantly higher GGO predominance over symptomatic than asymptomatic patients, 52
(69.3%) vs 240 (62.7%).

In terms of the transverse distribution, more than 50% of the symptomatic patients were more likely to
show peripheral and central distribution, compared to asymptomatic patients, 200 (52.2%) vs 20
(26.7%). The peripheral distribution was significantly higher in asymptomatic than symptomatic patients,
53 (70.7%) vs 177 (46.2%), While the Central Distribution did not show any significant differences (6
(1.6%) and 2 (2.7%) for symptomatic and asymptomatic patients, respectively). On the other hand,
mixed left and right lobes involvement were present without significant difference in 306 (79.9%) of
symptomatic patients and 59 (78.7%) of asymptomatic patients. In addition, for both clinical groups,
bilateral lung distribution of the lesion was shown in more than 372 (81.2%), while unilateral lung
distribution was shown in 86 (18.8%) (Fig. 2).

CT scans also indicated interlobular septal thickening in approximately 12 (3.1%) of the symptomatic vs 1
(1.3%) in the asymptomatic patients. For reversed “halo sings” and crazy paving, there was statistically a
significant difference between both groups (33 (7.2%) vs. 0 (0%) and 47 (10.3%) vs. 0 (0%),
respectively).Plural effusion was observed in 7 (1.8%) of symptomatic patients and not recorded in
asymptomatic patients.Thoracic lymphadenopathy was not observed in the study.Pulmonary nodules
were less common imaging findings in the symptomatic patients 13 (3.4%) and were not observed in the

asymptomatic cases (Fig 3).

Discussion

Early studies on the pandemic reported the presence of asymptomatic SARS-CoV-2 cases (19,20) and
numerous studies on COVID-19 patients reported that 1-73% of COVID-19 patients were asymptomatic
(8,16,18).In addition, the SARS-CoV-2 epidemic has overloaded hospitals worldwide, placing an
unprecedented burden on the ambulatory setting with significant numbers of generally healthy COVID-
19 patients. This emphasizes the importance of determining the relevance of chest CT imaging in this
patient population, especially when the capability of resources is critically constrained. Herein, we
report our findings in 458 symptomatic and asymptomatic patients with COVID-19 admitted to our
hospital.

Interestingly, the male gender was associated with symptomatic and asymptomatic infection groups.
However, there was no significant difference in the gender ratio. Previous studies had been described

younger patients with COVID-19 tend to be mild or even asymptomatic presentations (5,6,21) and the
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older ages are more vulnerable to the development of acute respiratory distress and death (22,23). This
study reported that asymptomatic cases were significantly younger in comparison to the symptomatic
patients (P = .000), and this may result in increased transmission of infection. In this study, the signs and
symptoms characteristics of 383 (83.6%) symptomatic COVID-19 patients were in general consistent
with the previous studies (19,24-26). Fever (306, 66.8%) and cough (242, 52.8%) were the most typical
symptoms at the infection onset in symptomatic patients. Other prevalent symptoms include shortness
of breath (71, 15.5%), loss of appetite (65, 12.2%), chills (43, 9.4%), diarrhea (45, 9.8%), and vomiting
(25,5.5%). Our results appear to be similar to those of patients in previous studies (26,27).

GGO appears to be an early parenchymal finding since the virus is predominantly invading the
interstitium and causing thickening and edema in the interlobular, intralobular, and peribronchovascular
interstitium. The consolidation progressive later and shows the parenchyma infected by the virus (15).
GGO with or without consolidation or consolidation only were the common characteristic CT patterns
detected in different studies (10,23,25). In general, GGO was the most common for each group of
symptoms and it was present alone or with consolidation. However, no significant differences were
observed between the two groups. Predominate over peripheral and central transverse distribution was
clear in symptomatic patients, whereas the peripheral transverse distribution was observed in the
majority of asymptomatic patients. Therefore, a significant difference in the transverse distribution
between the symptomatic and asymptomatic groups may indicate that lung damage from COVID-19 was
different between the two groups. Infected lung involvement frequency was very similar, and no
significant differences were identified between the two groups. A difference was reported between
right and left lung involvement rates for both groups. Lesions were mainly located in the right lung.
These findings could be attributed to the innate anatomical features of the right inferior lobar bronchus.
The bronchial bronchus of the right lung lower lobe is steeper and straighter than the bronchial
branches of the left lung lower lobe, and the angle between the right lower lobe and the long axis of the
trachea is smaller. Thus, in the early phase of SARS-CoV-2, the virus is more likely to invade and infect
the branches of the right inferior lobar bronchus (3).

Previous investigations of chest CT on SARS-CoV-2 lesions found that the typical pattern in the early
stages of infection is unilateral and multifocal GGO. These lesions progress to bilateral distribution and
diffuse GGO before being replaced by consolidation and mixed lesions (28-30). In this study, the rate of
bilateral involvement was determined at 81.7% for symptomatic patients that were slightly higher than
asymptomatic patients (78.7%). CT images also showed a definite interlobular septal thickening in about

12 (3.1%) of symptomatic patients and one asymptomatic patient (1.3%). A focal rounded GGO encircled
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by a more or less full ring-like consolidation is defined as a reversed halo-sign, also known as an (atoll
sign). This sign was recently observed in multiple SARS-CoV-2 cases, which could be due to disease
progression causing consolidation around the GGO or lesion absorption, leaving a lower intensity in the
center (17). Reversed halo sign was reported in merely 8.6% of symptomatic patients, while it was not
shown in asymptomatic patients. In 12.0 % of symptomatic and 1.3 % of asymptomatic individuals, crazy
paving pattern (thicker interlobular septal, intralobular lines with GGO superimposed and related
irregular paving stones) were found. Significant differences in reverse halo signs and crazy paving
patterns were shown between symptomatic and asymptomatic groups (p = .003).

Pleural effusion is a common sign of a pleural lesion and can indicate a more serious condition (27). In
symptomatic and asymptomatic patients, pleural effusion and pulmonary nodules were fewer common
features on CT (1.5% and 2.8%, respectively). Lymphadenopathy was not observed in the study. Of all CT
imaging characteristics, only peripheral and central distribution (52.2% vs. 26.7%), reversed halo sign
(8.6% vs. 0.0%), and crazy paving pattern (12.0% vs. 1.3%) were significantly higher in symptomatic than
asymptomatic patients.

This study could explain the pathophysiology of the disease process as it organizes and could also
explain the chest CT hallmarks of SARS-CoV-2 infection by increasing the frequency of GGO, bilateral
diseases, the crazy-paving pattern of lesions, and the appearance of an Interlobular septal thickening, as
well as reversed halo sign lesion. Chest CT imaging results can be correlated with the severity of the

infection.

Limitations
Several limitations exist in our study. Mainly, it was a single-center retrospective study. Second, we
excluded all patients with positive CT findings but negative RT-PCR results. This study missed a lot of

mild or asymptomatic cases that did not consult the hospital during the study reference period.

Conclusion

In this viral enigma of a pandemic, CT provides a noninvasive and repeatable informational window into
lung disease dynamics. Our study analyzed comprehensively demographic, signs and symptoms, and
imaging characteristics of 458 symptomatic and asymptomatic COVID-19 patients. The signs and
symptoms for SARS-CoV-2 patients that were symptomatic were essentially consistent with prior
studies. According to the findings, the most common symptoms at disease onset in symptomatic

patients are fever and cough with other typical symptoms including shortness of breath, loss of appetite,

12692



Nat. Volatiles & Essent. Oils, 2021; 8(4): 12685-12700

chills, diarrhea, and vomiting. Asymptomatic infections were significantly more frequent in younger
patients, compared to elderly patients.

The present study showed that common CT imaging features of SARS-CoV-2 included frequent
involvement of GGO, bilateral lesion distribution, as well as mixed right and left lung involvement for
both symptomatic and asymptomatic patients. Peripheral and central distribution, interlobular septal
thickening, and crazy paving patterns were more common in symptomatic patients. Lymphadenopathy
was absent in this study. Reversed halo sign, pleural effusion, and pulmonary nodules have not been
detected in asymptomatic patients. In conclusion, Asymptomatic COVID-19 infections may be silent in
patients with significant clinical risk due to possible delayed symptoms and a high proportion of positive
chest CT imaging findings. A combination of RT-PCR testing and chest CT can be used for the optimum
identification of infected asymptomatic patients. More emphasis should be placed on identifying and

guarantining asymptomatic patients to prevent the spread of SARS-CoV-2.

Conflicts of Interest

The authors have no potential interest conflicts to declare.

Funding sources
This research did not receive any specific grant from funding agencies in the public, commercial, or not-

for-profit sectors.

References:

1. Barboza JJ, Chambergo-Michilot D, Velasquez-Sotomayor M, Silva-Rengifo C, Diaz-Arocutipa C,
Caballero-Alvarado J, et al. Assessment and management of asymptomatic COVID-19 infection: A
systematic review. Travel Med Infect Dis [Internet]. 2021 May;41(September 2020):102058.
Available from:doi.org/10.1016/j.tmaid.2021.102058

2. Yang R, Gui X, Gao S, Ke H, Xiong Y. Clinical progression and changes of chest CT findings among
asymptomatic and pre-symptomatic patients with SARS-CoV-2 infection in Wuhan, China. Expert
Rev Respir Med [Internet]. 2021 Mar 4;15(3):411-7. Available from:
doi.org/10.1080/17476348.2021.1840358

3. Chang MC, Lee W, Hur J, Park D. Chest Computed Tomography Findings in Asymptomatic Patients
with COVID-19. Respiration [Internet]. 2020;99(9):748-54. Available
from:https://https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7573893/Available from:doi.org/
10.1159/000509334

4, Varble N, Blain M, Kassin M, Xu S, Turkbey EB, Amalou A, et al. CT and clinical assessment in

12693


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8025627/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8025627/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8025627/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8025627/
https://pubmed.ncbi.nlm.nih.gov/33135909/
https://pubmed.ncbi.nlm.nih.gov/33135909/
https://pubmed.ncbi.nlm.nih.gov/33135909/
https://pubmed.ncbi.nlm.nih.gov/33135909/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7573893/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7573893/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7573893/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7573893/
https://pubmed.ncbi.nlm.nih.gov/33146796/

Nat. Volatiles & Essent. Oils, 2021; 8(4): 12685-12700

10.

11.

12.

asymptomatic and pre-symptomatic patients with early SARS-CoV-2 in outbreak settings. Eur
Radiol. 2020;31(5):3165-76Available from:doi.org/10.1007/s00330-020-07401-8 .

Kong W, Wang Y, Hu J, Chughtai A, Pu H. Comparison of clinical and epidemiological
characteristics of asymptomatic and symptomatic SARS-CoV-2 infection : A multi-center study in
Sichuan. Travel Med Infect Dis [Internet]. 2020;(32):101754. Available
from:https://doi.org/10.1016/j.tmaid.2020.101754

Kronbichler A, Kresse D, Yoon S, Lee KH, Effenberger M, Shin J Il. Asymptomatic patients as a
source of COVID-19 infections: A systematic review and meta-analysis. Int J Infect Dis [Internet].
2020 Sep;98:180-6. Available from:https://doi.org/10.1016/].ijid.2020.06.052

Al-Sadeq DW, Nasrallah GK. The incidence of the novel coronavirus SARS-CoV-2 among
asymptomatic patients: A systematic review. Int J Infect Dis [Internet]. 2020 Sep;98:372-80.
Available from: https://doi.org/10.1016/j.ijid.2020.06.098

Inui S, Fujikawa A, Jitsu M, Kunishima N, Watanabe S, Suzuki Y, et al. Chest CT Findings in Cases
from the Cruise Ship Diamond Princess with Coronavirus Disease (COVID-19). Radiol Cardiothorac
Imaging [Internet]. 2020 Apr 1;2(2):e200110. Available
from:https://doi.org/10.1148/ryct.2020200110

Meng H, Xiong R, He R, Lin W, Hao B, Zhang L, et al. CT imaging and clinical course of
asymptomatic cases with COVID-19 pneumonia at admission in Wuhan, China. J Infect [Internet].
2020 Jul;81(1):e33-9. Available from:https://doi.org/10.1016/].jinf.2020.04.004

Hernigou J, Cornil F, Poignard A, El Bouchaibi S, Mani J, Naouri JF, et al. Thoracic computerised
tomography scans in one hundred eighteen orthopaedic patients during the COVID-19 pandemic:
identification of chest lesions; added values; help in managing patients; burden on the
computerised tomography scan department. Int Orthop [Internet]. 2020 Aug 7;44(8):1571-80.
Available from:https://link.springer.com/10.1007/s00264-020-04651-5 Available from
https://doi.org/10.1007/s00264-020-04651-5

Tsikala Vafea M, Atalla E, Kalligeros M, Mylona EK, Shehadeh F, Mylonakis E. Chest CT findings in
asymptomatic cases with COVID-19: a systematic review and meta-analysis. Clin Radiol [Internet].
2020 Nov;75(11):876.e33-876.e39. Available
from:https://linkinghub.elsevier.com/retrieve/pii/S0009926020303135 Available from
https://doi.org/10.1016/j.crad.2020.07.0255

Awulachew E, Diriba K, Anja A, Getu E, Belayneh F. Computed Tomography (CT) Imaging Features
of Patients with COVID-19: Systematic Review and Meta-Analysis. Radiol Res Pract [Internet].

12694


https://pubmed.ncbi.nlm.nih.gov/33146796/
https://pubmed.ncbi.nlm.nih.gov/33146796/
https://pubmed.ncbi.nlm.nih.gov/32492485/
https://pubmed.ncbi.nlm.nih.gov/32492485/
https://pubmed.ncbi.nlm.nih.gov/32492485/
https://pubmed.ncbi.nlm.nih.gov/32492485/
https://pubmed.ncbi.nlm.nih.gov/32562846/
https://pubmed.ncbi.nlm.nih.gov/32562846/
https://pubmed.ncbi.nlm.nih.gov/32562846/
https://pubmed.ncbi.nlm.nih.gov/32562846/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7330573/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7330573/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7330573/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7330573/
https://pubs.rsna.org/doi/10.1148/ryct.2020200110
https://pubs.rsna.org/doi/10.1148/ryct.2020200110
https://pubs.rsna.org/doi/10.1148/ryct.2020200110
https://pubs.rsna.org/doi/10.1148/ryct.2020200110
https://pubs.rsna.org/doi/10.1148/ryct.2020200110
https://pubmed.ncbi.nlm.nih.gov/32294504/
https://pubmed.ncbi.nlm.nih.gov/32294504/
https://pubmed.ncbi.nlm.nih.gov/32294504/
https://pubmed.ncbi.nlm.nih.gov/32294504/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7275929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7275929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7275929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7275929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7275929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7275929/
https://pubmed.ncbi.nlm.nih.gov/32294504/
https://www.clinicalradiologyonline.net/article/S0009-9260(20)30313-5/fulltext
https://www.clinicalradiologyonline.net/article/S0009-9260(20)30313-5/fulltext
https://www.clinicalradiologyonline.net/article/S0009-9260(20)30313-5/fulltext
https://www.clinicalradiologyonline.net/article/S0009-9260(20)30313-5/fulltext
https://www.clinicalradiologyonline.net/article/S0009-9260(20)30313-5/fulltext
https://www.clinicalradiologyonline.net/article/S0009-9260(20)30313-5/fulltext
https://pubmed.ncbi.nlm.nih.gov/32294504/
https://www.hindawi.com/journals/rrp/2020/1023506/
https://www.hindawi.com/journals/rrp/2020/1023506/

Nat. Volatiles & Essent. Oils, 2021; 8(4): 12685-12700

13.

14.

15.

16.

17.

18.

19.

20.

2020 Jul 23;2020:1-8. Available from:https://doi.org/10.1155/2020/1023506%0AReview

De Smet K, De Smet D, Ryckaert T, Laridon E, Heremans B, Vandenbulcke R, et al. Diagnostic
Performance of Chest CT for SARS-CoV-2 Infection in Individuals with or without COVID-19
Symptoms. Radiology [Internet]. 2021 Jan;298(1):E30-7. Availablefrom:
http://pubs.rsna.org/doi/10.1148/radiol.2020202708 Available from
https://doi.org/10.1148/RADIOL.2020202708

Palmisano A, Scotti GM, Ippolito D, Morelli MJ, Vignale D, Gandola D, et al. Chest CT in the
emergency department for suspected COVID-19 pneumonia. Radiol Med [Internet]. 2021 Mar
9;126(3):498-502. Available from:https://doi.org/10.1007/s11547-020-01302-y

Caruso D, Zerunian M, Polici M, Pucciarelli F, Polidori T, Rucci C, et al. Chest CT Features of
COVID-19 in Rome, Italy. Radiology [Internet]. 2020 Aug;296(2):E79—-85. Available from:
http://pubs.rsna.org/doi/10.1148/radiol.2020201237

Uysal E, Kilinger A, Cebeci H, Ozer H, Demir NA, Oztiirk M, et al. Chest CT findings in RT-PCR
positive asymptomatic COVID-19 patients. Clin Imaging [Internet]. 2021 Sep;77:37-42. Available
from:https://linkinghub.elsevier.com/retrieve/pii/S0899707121000425
doi.org/10.1016/j.clinimag.2021.01.0305

Ye Z, Zhang Y, Wang Y, Huang Z, Song B. Chest CT manifestations of new coronavirus disease
2019 (COVID-19): a pictorial review. Eur Radiol [Internet]. 2020 Aug 19;30(8):4381-9. Available
from:http://link.springer.com/10.1007/s00330-020-06801-0doi.org/10.1007/s00330-020-06801-
0

Mei X, Zhang Y, Zhu H, Ling Y, Zou Y, Zhang Z, et al. Observations about symptomatic and
asymptomatic infections of 494 patients with COVID-19 in Shanghai, China. Am J Infect Control
[Internet]. 2020 Sep;48(9):1045-50. Available
from:https://linkinghub.elsevier.com/retrieve/pii/S0196655320306465
doi.org/10.1016/j.ajic.2020.06.221

Wu Z, McGoogan JM. Characteristics of and Important Lessons From the Coronavirus Disease
2019 (COVID-19) Outbreak in China. JAMA [Internet]. 2020 Apr 7;323(13):1239. Available
from:https://jamanetwork.com/journals/jama/fullarticle/2762130
doi.org/10.1001/jama.2020.2648

Chan JFW, Yuan S, Kok KH, To KKW, Chu H, Yang J, et al. A familial cluster of pneumonia
associated with the 2019 novel coronavirus indicating person-to-person transmission: a study of

a family cluster. Lancet [Internet]. 2020;395(10223):514-23. Available

12695


https://www.hindawi.com/journals/rrp/2020/1023506/
https://www.hindawi.com/journals/rrp/2020/1023506/
https://pubmed.ncbi.nlm.nih.gov/32776832/
https://pubmed.ncbi.nlm.nih.gov/32776832/
https://pubmed.ncbi.nlm.nih.gov/32776832/
https://pubmed.ncbi.nlm.nih.gov/32776832/
https://pubmed.ncbi.nlm.nih.gov/32776832/
https://pubmed.ncbi.nlm.nih.gov/32294504/
https://link.springer.com/article/10.1007/s11547-020-01302-y
https://link.springer.com/article/10.1007/s11547-020-01302-y
https://link.springer.com/article/10.1007/s11547-020-01302-y
https://link.springer.com/article/10.1007/s11547-020-01302-y
https://pubmed.ncbi.nlm.nih.gov/32243238/
https://pubmed.ncbi.nlm.nih.gov/32243238/
https://pubmed.ncbi.nlm.nih.gov/32243238/
https://www.sciencedirect.com/science/article/abs/pii/S0899707121000425
https://www.sciencedirect.com/science/article/abs/pii/S0899707121000425
https://www.sciencedirect.com/science/article/abs/pii/S0899707121000425
https://www.sciencedirect.com/science/article/abs/pii/S0899707121000425
https://www.sciencedirect.com/science/article/abs/pii/S0899707121000425
https://pubmed.ncbi.nlm.nih.gov/32193638/
https://pubmed.ncbi.nlm.nih.gov/32193638/
https://pubmed.ncbi.nlm.nih.gov/32193638/
https://pubmed.ncbi.nlm.nih.gov/32193638/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336908/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336908/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336908/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336908/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336908/
https://jamanetwork.com/journals/jama/fullarticle/2762130
https://jamanetwork.com/journals/jama/fullarticle/2762130
https://jamanetwork.com/journals/jama/fullarticle/2762130
https://jamanetwork.com/journals/jama/fullarticle/2762130
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30154-9/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30154-9/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30154-9/fulltext

Nat. Volatiles & Essent. Oils, 2021; 8(4): 12685-12700

21.

22.

23.

24,

25.

26.

27.

28.

29.

from:http://dx.doi.org/10.1016/50140-6736(20)30154-9

Li Y, Shi J, Xia J, Duan J, Chen L, Yu X, et al. Asymptomatic and Symptomatic Patients With Non-
severe Coronavirus Disease ( COVID-19 ) Have Similar Clinical Features and Virological Courses : A
Retrospective Single Center Study. 2020;11(June):1-8doi.org/10.3389/fmicb.2020.01570.

Pattern The. Research Paper The Epidemiological Pattern of COVID-19 Outbreak, During the
Initial Phase in Thi-Qar province, Irag: A Cohort Retrospective Study. 2020;38:25-36
http://dx.doi.org/10.33762/mjbu.2020.127089.1014.

Wu C, Chen X, Cai Y, Xia J, Zhou XXX, Xu S, et al. Risk Factors Associated with Acute Respiratory
Distress Syndrome and Death in Patients with Coronavirus Disease 2019 Pneumonia in Wuhan,
China. JAMA Intern Med. 2020;180(7):934—-43 doi.org/10.1001/jamainternmed.2020.0994.

Zhao W, Zhong Z, Xie X, Yu Q, Liu J. Relation Between Chest CT Findings and Clinical Conditions of
Coronavirus Disease (COVID-19) Pneumonia: A Multicenter Study. Am J Roentgenol [Internet].
2020 May;214(5):1072-7. Available from:https://www.ajronline.org/doi/10.2214/AJR.20.22976
Uhm J, Young J, Hyun J, Sohn Y, Ho J, Jin S, et al. International Journal of Infectious Diseases
Patterns of viral clearance in the natural course of asymptomatic COVID-19 : Comparison with
symptomatic non-severe COVID-19. Int J Infect Dis [Internet]. 2020;99:279-85. Available
from:https://doi.org/10.1016/].ijid.2020.07.070

Khalaf F, Al-Kafajy M, Ali Ismael AA, Al-Baghdadi FA. Clinical diagnosis of the first cases of
extrapulmonary (GIT) COVID-19 in thi-gar, South of Irag. Syst Rev Pharm [Internet].
2020;11(12):1712-6. Available from:https://www.sysrevpharm.org/articles/clinical-diagnosis-of-
the-first-cases-of-extrapulmonary-git-covid19-in-thigar-south-of-iraq.pdf

Yin X, Li Q, Hou S, Zhong Q, Fan Z, Huang Q, et al. Demographic, signs and symptoms, imaging
characteristics of 2126 patients with COVID-19 pneumonia in the whole quarantine of Wuhan,
China. Clin Imaging [Internet]. 2021;77(January):169-74. Available
from:doi.org/10.1016/j.clinimag.2021.02.034

Kerbl R, Zepp F. Coronavirus Disease 2019 (COVID-19): A Systematic Review of Imaging Findings
in 919 Patients. Am J Roentgenol [Internet]. 2021;169(4):308-11. Available
from:doi.org/10.2214/AJR.20.23034 S.

Lai C, Liu YH, Wang C, Wang Y, Hsueh S, Yen M, et al. Asymptomatic carrier state, acute
respiratory disease, and pneumonia due to severe acute respiratory syndrome coronavirus 2
(SARSCoV-2): Facts and myths. J Microbiol Immunol Infect [Internet]. 2020;2. Available from:
doi.org/10.1016/j.jmii.2020.02.012

12696


https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30154-9/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30154-9/fulltext
file:///C:/Users/Melaad/Downloads/a21
file:///C:/Users/Melaad/Downloads/a21
file:///C:/Users/Melaad/Downloads/a21
https://mjbu.uobasrah.edu.iq/article_167351.html
https://mjbu.uobasrah.edu.iq/article_167351.html
https://mjbu.uobasrah.edu.iq/article_167351.html
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
https://www.ajronline.org/doi/10.2214/AJR.20.22976
https://www.ajronline.org/doi/10.2214/AJR.20.22976
https://www.ajronline.org/doi/10.2214/AJR.20.22976
https://www.ajronline.org/doi/10.2214/AJR.20.22976
https://pubmed.ncbi.nlm.nih.gov/32763446/
https://pubmed.ncbi.nlm.nih.gov/32763446/
https://pubmed.ncbi.nlm.nih.gov/32763446/
https://pubmed.ncbi.nlm.nih.gov/32763446/
https://doi.org/10.1016/j.ijid.2020.07.070
https://www.sysrevpharm.org/articles/clinical-diagnosis-of-the-first-cases-of-extrapulmonary-git-covid19-in-thiqar-south-of-iraq.pdf
https://www.sysrevpharm.org/articles/clinical-diagnosis-of-the-first-cases-of-extrapulmonary-git-covid19-in-thiqar-south-of-iraq.pdf
https://www.sysrevpharm.org/articles/clinical-diagnosis-of-the-first-cases-of-extrapulmonary-git-covid19-in-thiqar-south-of-iraq.pdf
https://www.sysrevpharm.org/articles/clinical-diagnosis-of-the-first-cases-of-extrapulmonary-git-covid19-in-thiqar-south-of-iraq.pdf
https://www.sysrevpharm.org/articles/clinical-diagnosis-of-the-first-cases-of-extrapulmonary-git-covid19-in-thiqar-south-of-iraq.pdf
https://doi.org/10.1016/j.clinimag.2021.02.034
https://doi.org/10.1016/j.clinimag.2021.02.034
https://doi.org/10.1016/j.clinimag.2021.02.034
https://doi.org/10.1016/j.clinimag.2021.02.034
https://doi.org/10.1016/j.clinimag.2021.02.034
https://www.ajronline.org/doi/full/10.2214/AJR.20.23034
https://www.ajronline.org/doi/full/10.2214/AJR.20.23034
https://www.ajronline.org/doi/full/10.2214/AJR.20.23034
https://www.ajronline.org/doi/full/10.2214/AJR.20.23034
https://pubmed.ncbi.nlm.nih.gov/32173241/
https://pubmed.ncbi.nlm.nih.gov/32173241/
https://pubmed.ncbi.nlm.nih.gov/32173241/
https://pubmed.ncbi.nlm.nih.gov/32173241/

Nat. Volatiles & Essent. Oils, 2021; 8(4): 12685-12700

30. Sun Z, Zhang N, Li Y, Xu X. A systematic review of chest imaging findings in COVID-19. Quant

Imaging Med Surg. 2020;10(5):1058—-79. Available from: doi: 10.21037/QIMS-20-564.

The Tables

Tablel: Characteristics of the Patients

Parameter All patients n = 458(%)
Male 259(56.6%)
Female 199(43.4%)

Age (y)* 42.93 +14.57 (14-88)

Symptoms on admission
Fever
Cough
Shortness of breathing
Loss of appetite
Chills
Diarrhea

Vomiting

306 (66.8%)

242 (52.8%)
71 (15.5%)
65(12.2%)
43(9.4%)
45(9.8%)
25(5.5%)

Note. —Data is the number of patients. Percentage within Parentheses is in comparison with all

patients.

* Data are means + standard deviation, with the range within parentheses.

Table 2: Demographic data according to the gender and age group for symptomatic and asymptomatic

COVID-19 patients

Parameter All patients Symptomatic patients Asymptomatic patients P-Value

(n = 458) 383(83.6%) 75(16.4%)
Gender .163
Male 259 (56.6%) 211(55.1%) 48 (64.0%)
Female 199 (43.4%) 172 (44.9%) 27 (36.0%)
.000

Age Group
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10-19
20-29
30-39
40-49
50-59
60-69
70-79
>80

14 (3.1%)
77 (16.8%)
102 (22.3%)
118 (25.8%)
86 (18.8%)
35 (7.6%)
18 (3.9%)
8 (1.7%)

5 (1.3%)
54 (14.1%)
86 (22.5%)
103 (26.9%)
79 (20.6%)

31(8.1%)

17 (4.4%)

8 (2.1%)

9 (12.0%)
23 (30.7%)
16 (21.3%)
15 (20.0%)
7 (9.3%)
4 (5.3%)
1(1.3%)
0 (0.0%)

Table 3: Chest CT finding for symptomatic and asymptomatic COVID-19 patients

Parameter All patients Symptomatic Asymptomatic P Value
(n =458) patients patients
383 (83.6%) 75(16.4%)
Pattern 125
GGO 292 (63.8%) 240 (62.7%) 52 (69.3%)
Consolidation 52 (11.4%) 41 (10.7%) 11 (14.7%)
GGO & Consolidation 114 (24.9%) 102 (26.6%) 12 (16.0%)
Transverse Distribution .000
Peripheral Distribution 230 (50.2%) 177 (46.2%) 53 (70.7%)
Central Distribution 8 (1.7%) 6 (1.6%) 2 (2.7%)
Peripheral and Central 220(48.0%) 200 (52.2%) 20 (26.7%)
Distribution
Infected Lung .685
RT Lung 66 (14.4%) 56 (14.6%) 10 (13.3%)
LT Lung 27 (5.9%) 21 (5.5%) 6 (8.0%)
RT & LT Lung 365 (79.7%) 306 (79.9%) 59 (78.7%)
Distribution of the Lesion 521
Unilateral 86 (18.8%) 70 (18.3%) 16 (21.3%)
Bilateral 372 (81.2%) 313 (81.7%) 59 (78.7%)
Interlobular Septal 13 (2.8%) 12 (3.1%) 1(1.3%) .704
Thickening
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Reversed Halo Sing 33 (7.2%) 33 (8.6%) 0 .003
Crazy Paving 47 (10.3%) 46 (12.0%) 1(1.3%) .003
Pleural Effusion 7 (1.5%) 7 (1.8%) 0 .605
Lymphadenopathy 0 0 0 -
Pulmonary nodules 13 (2.8%) 13 (3.4%) 0 .140
Legends of the figures

Fig. 1. Main CT pattern for COVID-19 patients. A. 35-year-old asymptomatic male. Axial CT image shows
GGO demonstrated in both lobes.B. 28-year-old symptomatic female presenting with fever. CT image
shows the pattern of GGO. C. 42-year-old symptomatic male presenting with fever and cough. Chest CT

image shows GGO and consolidation in lung lobes.

Fig. 2. Patterns distribution of the COVID-19 lesion. A. 51-year-old symptomatic female presenting with
fever. Axial CT image shows unilateral GGO was demonstrated in the left lobe. B. 44-year-old
asymptomatic female. CT image shows GGO was demonstrated in the peripheral right upper lobe. C. 36-

year-old asymptomatic female. Chest CT shows diffuse bilateral GGO with the peripheral distribution.
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Fig. 3. Different chest CT findings of COVID-19 patients on axial CT images. A. 48-year-old symptomatic
male presenting with fever, cough, and loss of appetite. CT image shows bilateral GGO, interlobular
septal thickening, and a crazy-paving appearance. B. 75-year-old symptomatic male presenting with
fever, cough, shortness of breath, and loss of appetite. Axial CT image shows bilateral interlobular septal
thickening. Pleural effusion is seen in the bilateral lung lobes. C. 23-year-old symptomatic male

presenting with fever and cough. CT image shows a ground-glass nodule in the right lobe.
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