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Abstract
Background The classic chest CT imaging features of COVID-19 pneumonia have low specificity due to their similarity with a
number of other conditions. So, the goal of the present study is to learn from the pathophysiology of COVID-19 clinical features,
laboratory results, and high-resolution CT manifestations in different stages of disease severity to provide significant reference
values for diagnosis, prevention, and treatment.
Methods This was a multicentered study that included 128 patients. Demographic, clinical, and laboratory data, in addition to
chest HRCT findings, were evaluated. According to chest HRCT features, radiologic scoring were grade 1 and 2 for mild grades
of the disease, 3 and 4 for moderate grades of the disease, and 5 and 6 for severe grades of the disease.
Results Patient clinical symptoms ranged between fever, dry cough, muscle ache (myalgia)/fatigue, dyspnea, hyposomia, sore
throat, and diarrhea. Lymphocytes andWBCs were significantly lower in patients with severe COVID-19. A significant negative
correlation was found with WBCs (r = − 0.245, P = 0.005), lymphocytes% (r = − 0.586, P < 0.001), RBCs (r = − 0.2488, P =
0.005), Hb (gm/dl) (r = − 0.342, P < 0.001), and HCT (r = − 0.377, P < 0.001). Transferrin and CRP were significantly higher in
moderate and severe COVID-19 than mild degree and showed a significant positive correlation with CT score (r = 0.356, P <
0.001) and (r = 0.429, P < 0.001), respectively. The most common CT features were peripheral pulmonary GGO and air space
consolidation.
Conclusion Clinical features, laboratory assessment, and HRCT imaging had their characteristic signs and performances.
Correlating them can make it possible for physicians and radiologists to quickly obtain the final diagnosis and staging of the
COVID-19 pneumonia.
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Background

Coronavirus 2 (SARS-CoV-2) is the strain of coronavi-
rus that causes coronavirus disease 2019 (COVID-19),
the acute respiratory syndrome responsible for the
COVID-19 pandemic [1].

The airway and the vascular bed are the main pathways of
pathogenic lung invasion by immunomodulatory viruses in-
ducing lung parenchymal inflammatory/immunologic reac-
tions [2]. The SARS-CoV-2 virus causes viremia by entering
the blood through the lungs [3], and then the virus targets the
lungs, heart, and renal and gastrointestinal tract as they ex-
press angiotensin converting enzyme 2 receptors (ACE2) [4].

Lung involvement by vascular pathway can occur
through number of mechanisms including the dysregu-
lated iron homeostasis causing oxidative stress and in-
flammatory reaction [5] that may promote the sequences
of viral infections [6]. Furthermore, anemic hypoxia in-
duces pulmonary vasoconstriction, with an increasing
fibrin formation in lung microvasculature [7]; lympho-
cyte infiltration and sequestration in the lungs [8].
SARS-CoV-2 virus also affects ACE receptor in differ-
ent tissues including both lymphocyte and lung [4]
which leads to marked systemic increase of inflamma-
tory cytokines and mediators that may be even catego-
rized as a “cytokine storm” [9].

Clinical symptoms include fever, fatigue, dry cough, and
dyspnea.Most cases had good prognosis [10, 11]. Patients can
have severe pneumonia, acute respiratory distress syndrome,
and multiple-organ failure, which can lead to death. Mortality
rate of 2.1% has been reported [12].

The characteristic chest CT imaging features of COVID-19
pneumonia have low specificity due to their similarity with
many other conditions. Though final diagnosis cannot be
made based on CT imaging features alone, merging clinical
and imaging results can significantly improve the accuracy of
diagnosis [13].

CT imaging plays a crucial role in diagnosis and monitor-
ing of disease progress [14–16]. Multiple research studies de-
scribed the characteristic imaging findings of COVID-19, in-
cluding ground-glass opacities (GGO) (57 to 88%), bilateral
involvement (76 to 88%), and peripheral distribution (33 to
85%) [17–20].

Other imaging features like consolidation, cavitation, and
interlobular septal thickening also are reported in some pa-
tients. However, these imaging manifestations of COVID-19
are nonspecific and are difficult to differentiate from other
pneumonia [21–23].

Therefore, the aim of this study is to learn from the patho-
physiological aspects of COVID-19 clinical features, labora-
tory results, and high-resolution CT manifestations by disease
severity to provide important reference values for diagnosis,
prevention, and treatment.

Methods

Patients and clinical data

This retrospective analytic study was conducted following the
amended Declaration of Helsinki. Our institutional indepen-
dent ethics committee approved the protocol, and written in-
formed consent was obtained from the patients. This multi-
centered study included 128 patients (men 79 and women 49
with mean age ± SD 49.07 ± 15.89 years; range 13–65 years)
from April to July 2020.

In inclusion criteria, we included patients with positive RT-
PCR for COVID-19 infection.

In exclusion criteria, we excluded patients with negative
RT-PCR for COVID-19 infection as well as patients with a
verified additional simultaneous acute illness or other preex-
istent medical disorders.

Clinical data were documented, including age, gender, and
disease severity. Present history, symptoms and signs, and
blood routine outcomes were also recorded. There were three
clinical categories according to the severity of disease: “mild,
moderate, and severe types.” Patient clinical symptoms
ranged between fever, dry cough, muscle ache (myalgia)/fa-
tigue, dyspnea (chest distress), hyposomia, sore throat
(pharyngalgia), and diarrhea (Fig. 1).

Laboratory evaluation

All available laboratory investigations of the patients were
analyzed: complete blood count (CBC), hemoglobin and he-
matocrit level, platelets count, differential white blood cell
count, lymphocyte concentration, transferrin level, and level
of C reactive protein.

Fig. 1 A 60-year-old male presented with positive RT-PCR and symp-
toms consistent with COVID-19. Axial unenhanced chest HRCT image
shows multifocal, scattered, peripheral, patchy ground-glass opacity in
both lungs, and poor definition of area surrounding lesions and associated
halo sign at left lung (red arrows)
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Radiological evaluation

CT scanning

Each patient underwent chest high-resolution CT (HRCT) ex-
amination. Inspiratory phase of chest HRCT examination was
achieved during a single-breath hold at full inspiration. The
CT scanner models from the hospitals involved in this multi-
center study were listed as following: Philips 256-slice
Brilliance iCT, Toshiba 16-slice Aquilion, Siemens 16-slice
Somatom Emotion. The scanning parameters are as follows:
tube voltage 120 kV, tube current 110 mA, pitch 1.0, rotation
time ranging from 0.5 to 0.75 s, and slice thickness 5 mm,
with 1 mm or 1.5 mm section thickness for axial, coronal, and
sagittal reconstructions.

CT assessment

Four radiologists with 15–20 years of experience blinded to
clinical data individually scored the CT images.

Basic CT performances

The distribution features and the shape of abnormal attenua-
tion, as well as the involved lung lobes, were documented. If
there were any common associated diseases of the lung, such
as obsolete pulmonary tuberculosis, emphysema, bronchiec-
tasis, and tumor, they would be recorded if any.

Certain CT signs

The following CT performances features were judged and doc-
umented depending upon the following features: ground glass
opacification; presence or absence, bilateral or unilateral, site,
lobes involved, frequency, pattern “associated consolidation, re-
verse halo/atoll sign, crazy paving, mosaic attenuation,” mor-
phology, presence of centrilobular nodules or not, presence of
tree-in-bud sign or not, presence of solid nodules or not, presence
of air space consolidation or not, presence of lymphadenopathy
or not and its station, presence of pleural thickening or not, pres-
ence of pleural effusion or not, presence of mucoid impaction or
not, presence of bronchial wall thickening or not, presence of
smooth interlobular septal thickening or not, presence of pulmo-
nary cavitation or not, presence of pericardial effusion or not, and
if the patient has endotracheal intubation or not.

Quantified evaluation and CT staging

The CT signs were analyzed quantitatively using a radiologic
scoring system, and according to the performances of CT
images, the cases were classified into six stages ranging from
grade 1 to 2 for mild grades of the disease, 3 to 4 for moderate
grades of the disease, and 5 to 6 for severe grades of the

disease, and a total score was eventually recorded. The classi-
fication method was mainly according to the previous CT
presentations using a CORAD radiologic scoring system of
the method previously reported [24].

CORADS 1: COVID-19 is highly unlikely

The CT is normal or there are findings that indicate a non-
infectious disease like congestive heart failure, sarcoid, histo-
plasmosis, malignancy, usual interstitial pneumonia “UIP,” or
fibrotic Nonspecific interstitial pneumonia “NSIP.”

CORADS 2: Level of suspicion of COVID-19 infection
is low

Findings are consistent with other infections like typical
bronchiolitis with tree-in-bud and thickened bronchus walls.

CORADS 3: COVID-19 unsure or indeterminate

CT abnormalities are indication of infection, but unsure
whether COVID-19 is involved, like widespread broncho-
pneumonia, lobar pneumonia, and septic emboli with ground
glass opacities.

CORADS 4: The level of suspicion is high.

Mostly these are suspicious CT findings but not extremely
typical. Unilateral ground glass, multifocal consolidations with-
out any other typical finding, and findings doubtful of COVID-
19 in underlying pulmonary disease are the abovementioned
suspicious CT findings which are not extremely typical.

CORADS 5: Multifocal areas of ground glass and
consolidation
CORADS 6: Patient with positive PCR and bilateral
GGO (Fig. 2)

Statistical analysis

Results were statistically evaluated by SPSS version 22 (SPSS
Inc., Chikago, IL, USA). ANOVA (F test) was used for para-
metric data and Kruskal-Wallis tests was used for non-
parametric data. Chi-Square (χ2) and Monte Carlo tests were
used for qualitative variables. Spearman correlation was ap-
plied. P value < 0.05 is considered significant.

Results

Of the features, twenty radiological features and fifteen clini-
cal and laboratory features were nominated to form the
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predictors based on the results shown in (Table 1). One hun-
dred twenty-eight patients had RT-PCR test findings
established to be positive for SARS-CoV-2.

General characteristics and disease grading

Of the 128 patients enrolled in this study cohort with COVID-
19 symptoms, 79 (61.7%) were male and 49 (38.3%) were
female (mean age ± SD 49.07 ± 15.89, range 13–65 years)
(Table 1). The mean time interval between symptoms onset
and baseline CT was 5 ± 3 days (range, 2–8 days).

Radiological classification revealed that most of the patients
were reported in grade V (55 patients, 43%). COVID severity
was distributed as mild grade (19 patients, 14.8%), moderate
grade (43 patients, 33.6%), and severe grade (66 patients,
51.6%) (Table 2). Comparison between degrees of severity of
COVID-19 regarding demography and pulmonary lesion char-
acteristics revealed that severe COVID-19 symptoms was signif-
icantly reported among old age patients (P = 0.003) (Fig. 3).

Demographic, clinical, pulmonary, and laboratory
findings in different disease stages

Patients’ age was significantly higher in severe cases (52.89 ±
13.37). Male to female ratio was nearly equal in mild cases
(7.0 to7.8%) and nearly doubles in severe cases (35.2 to
16.4%) (Table 3).

Clinical symptoms were considerably higher in patients with
severe COVID-19 except fever (body temperature 37.5–39.0 °C)
despite being nonsignificant, but it was higher in patients with
moderate COVID-19 in contrast to other groups. Fever (88.3%),
cough (76.6%), andmuscle ache (myalgia)/fatigue (70.3%) were
the most common presenting symptoms (Table 3).

For lab investigations, low lymphocyte and white cell counts
were observed in 64.1% and 25% of patients, while high C-
reactive protein was observed in 91.4% of patients. Low
WBCs was reported among 25% of the whole studied patients.
Severe COVID-19 patients revealed a significantly higher per-
centage of low WBCs (31.8%) than mild COVID-19 (10.5%)
and moderate COVID-19 (20.9%) patients. Lymphopenia was

Fig. 2 A 29-year-old female presented with positive RT-PCR and symp-
toms consistent with COVID-19. A and B, Axial unenhanced chest
HRCT images show multifocal, scattered, patchy ground-glass opacity

in both lungs mostly peripheral, and posterior distribution with interlob-
ular septal thickening (red arrows) with reticulation. Minimal bilateral
basal pleural effusion (yellow arrows) is seen (B)

Table 1 General characteristics of the studied patients

Characteristics No. %

Age (y) mean ± SD (range) 49.07 ± 15.89 (13–65) years

< 15 4 3.1%

15 < 45 43 33.6%

45 < 65 55 43%

≥ 65 26 20.3%

Sex

Male 79 61.7%

Female 49 38.3%

Table 2 Radiological
classification of COVID-
19

Characteristics No. %

Radiological grade

I 9 7.0%

II 10 7.8%

III 19 14.8%

IV 28 21.9%

V 55 43.0%

VI 7 5.5%

COVID severity

Mild 19 14.8%

Moderate 43 33.6%

Severe 66 51.6%
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significantly reported in 64.1% of all patients, and it was distrib-
uted as (0%) for mild COVID-19, (69.8%) for moderate
COVID-19, and (78.8%) for severe COVID-19 patients
(Fig. 4). Furthermore lymphocytes andWBCswere significantly
lower in patients with severe COVID-19 (P < 0.001) (Table 4).

RBCs, Hb, and HCTwere significantly lower with increas-
ing disease severity (Table 4). High C-reactive protein was
detected in 91.4% of patients. Transferrin and CRP were sig-
nificantly higher in moderate and severe COVID-19 than mild
grade (P = 0.002 and < 0.001, respectively) (Table 4).

There is significant positive correlation found between CT
score and transferrin (r = 0.356, P < 0.001) and CRP (r =
0.429, P < 0.001),and significant negative correlation was
found with WBCs (r = − 0.245, P = 0.005), lymphocytes
(r = − 0.586, P < 0.001), RBCs (r = − 0.2488, P =
0.005), Hb (r = − 0.342, P < 0.001), and HCT (r = −
0.377, P < 0.001). Weak significant negative correlation
was found between CT score and platelets count (r = −
0.176, P = 0.047) (Table 5).

Radiological findings

Pulmonary opacifications were principally sited in the periph-
eral zone. The sums of involved lung lobes and segments were
higher in patients with severe grades than in patients
with moderate and mild grades. Bilateral involvement
(89.8%) was more predominant than unilateral involve-
ment (10.2%). Lower lobes have higher rates of in-
volvement than the others. The right lower lobe was
most often affected (Table 6) (Fig. 5).

The most common CT features were pulmonary GGO in
118 patients, i.e., 92.2%which is distributed as mild 9 patients
“7.0%,”moderate 43 patients “33.6%,” and severe 66 patients
“51.6%” and air space consolidation in 83 patients, i.e., 64.8%
which is distributed as mild 4 patients “3.1%,” moderate 25
patients “19.5%,” and severe 54 patients “42.2%.” Bilateral
ground glass opacity and air space consolidation significantly
increase with increasing disease severity. Other common find-
ings were bronchial wall thickening in 54 patients, i.e., 42.2%
which is distributed as mild 12 patients “9.4%,” moder-
ate 20 patients “15.6%,” and severe 22 patients
“17.2%”, and smooth interlobular septal thickening in
82 patients, i.e., 64.1% which is distributed as mild 3
patients “2.3%,” moderate 29 patients “22.7%,” and se-
vere 50 patients “39.1%” (Table 3).

Pleural thickening and effusionwere reported in 21 patients
(16 .4%) and 20 pat ien ts (15 .6%), respect ive ly .
Lymphadenopathy was reported in 39 patients (30.5%). Air
space consolidation and pleural effusion were significantly
higher among patients with severe COVID-19 than other de-
grees (P < 0.0001 and 0.013, respectively) (Table 6) (Fig. 6).

Discussion

The SARS-CoV-2 infection is well known as a global health
hazard. The disease is extremely infectious. It is assumed that
infection is transmitted by means of large-particle respiratory
droplets produced by coughing or touching contaminated sur-
face [25]. To stop spread of the pandemic, it is critical to detect
and make a diagnosis of COVID-19 pneumonia early and to
immediately isolate and treat the patient [26]. There are many
publications of several studies of COVID-19, which included
explanations of the clinical, imaging, and laboratory features
of this disease. The current study analysis involved 128 pa-
tients with established cases of COVID-19. All clinical fea-
tures, imaging, and laboratory findings were collected and
statistically analyzed as soon as a patient’s diagnosis is
confirmed. Particularly, the CT manifestations of
COVID-19 disease can provide significant reference
values for diagnosis of disease severity which is essen-
tial for treatment of patients and can minimize fatality
and disease progression in this pandemic situation.

Consistent with outcomes of previous studies [10, 11, 27,
28] as well as ours (61.7%male, and 38.3% female), COVID-
19 was more frequently found in men than in women.
Furthermore, we found that male\female ratio in mild cases
was 9\10 (nearly equal), while in severe cases, it was 45\21
(nearly doubled). In his study, Dai et al., 2020, stated similar
results with a greater total number of men (58.1%, 136/234)
than that of women (41.9%, 98/234) [29]. A potential descrip-
tion for this finding may be protection provided by the X
chromosome and sex hormones, which play an important role

Fig. 3 A 43-year-old female presented with positive RT-PCR and symp-
toms consistent with COVID-19. Axial unenhanced chest HRCT image
demonstrated patchy GGO opacities mixed with consolidation (red ar-
rows) with curvilinear irregular margins under the pleura of both lungs
lower lobes with interlobular septal thickening and central air
bronchogram (yellow arrows)
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in innate and adaptive immunity [11, 30]. Furthermore, phys-
iologically, female have lower blood indices (e.g., Hb, HCT,
and RBCs) than male with lower iron levels. Low iron seems
to afford a protective mechanism from infection by restricting
iron utilization by the virus [31] and improve the inflammato-
ry condition [32]. Blood indices such as Hb, HCT, RBCs, and
transferrin level showed significant changes with increasing
disease severity which affects male more than female, sug-
gesting occurrence of dysregulated iron homeostasis along-
side the course of COVID-19 disease. It was shown that
SARS-CoV-2 protein sequences may form a complex with
porphyrin, affecting the 1-β chain of heme of the hemoglobin
with subsequent dissociation of the iron [33].

In the current study, Mean ± SD of Hb content in mild stages
of the disease were significantly higher (P1 < 0.001) compared to
sever stage (13.37 ± 2.19 vs 11.96 ± 2.45 mg/dl respectively),
and the median was 12 in both stages. For HCT%Mean ± SD in
mild stages of the disease were significantly higher (P1 < 0.001)
compared to sever stage (40.69 ± 5.22 vs 35.87 ± 8.71% respec-
tively), and the median were (43 vs 36.5 respectively). There are
several reported cases where autoimmune hemolytic anemia oc-
curred during the worsening of symptoms of Covid-19 infection
[34–36]. Reduced Hb level with the associated reduction of ox-
ygen carrying capacity of the blood together with CT diagnosed
lung parenchymal pathology explains the significant dyspnea
associated with increased disease severity.

Table 3 Demographics, clinical, pulmonary lesions morphology of patients infected with COVID-19

Disease severity χ2 P value

Mild
(No. = 19, 14.8%)

Moderate
(No. = 43, 33.6%)

Severe
(No. = 66, 51.6%)

No % No % No %

Age (y): mean ± SD 37.63 ± 18.10 48.25 ± 16.23 52.89 ± 13.37 #11.51 0.003*

Sex: 19 14.8% 43 33.6% 66 51.6%

Male (No. 79, 61.7%) 9 7.0% 25 19.5% 45 35.2% 3.05 0.217
Female (No. 49, 38.3%) 10 7.8% 18 14.1% 21 16.4%

Ground glass opacity

(No. 118, 92.2%) 9 7.0% 43 33.6% 66 51.6% 62.23 < 0.001*MC

Side of ground glass opacity 9

Right (No. 8, 6.2%) 5 3.9% 3 2.3% 0 0.0% 39.90 < 0.001*MC

Left (No. 3, 2.4%) 0 0.0% 2 1.6% 1 0.8%

Bilateral (No. 107, 83.6%) 4 3.1% 38 29.7% 65 50.8%

Air space consolidation

(No. 83, 64.8%) 4 3.1% 25 19.5% 54 42.2% 25.17 < 0.001*

Bronchial wall thickening

(No. 54, 42.2%) 12 9.4% 20 15.6% 22 17.2% 5.87 0.053

Interlobular septal thickening

(No. 82, 64.1%) 3 2.3% 29 22.7% 50 39.1% 23.36 < 0.001*

Interlobular septal thickening Severity

Mild (No. 37, 28.8%) 3 2.3% 19 14.8% 15 11.7% 14.18 0.006*
Moderate (No. 29, 22.8%) 0 0% 8 6.3% 21 16.5%

Severe (No. 16, 12.5%) 0 0% 2 1.6% 14 10.9%

Pleural effusion

(No. 20, 15.6%) 0 0.0% 4 3.1% 16 12.5% 8.54 0.013*MC

Symptoms

Fever (No. 112, 87.5%) 14 11.0% 35 27.3% 63 49.2% 35.9% 0.548

Dry cough (No. 98, 76.6%) 11 8.6% 30 23.5% 57 44.5% 68.84% <0.001*MC

Muscle ache (myalgia) / Fatigue (No. 90, 70.3%) 10 7.8% 25 19.5% 56 43.8% 24.78% <0.001*

Dyspnea (chest distress) (No. 76, 59.4%) 2 1.6% 14 10.9% 60 46.9% 60.55% <0.001*MC

Hyposomia (No. 38, 29.7%) 1 0.8% 8 6.3% 29 22.6% 98.35% <0.001*

Sore throat (pharyngalgia) (No. 21, 16.5%) 2 1.6% 7 5.5% 12 9.4% 71.10% <0.001*MC

Diarrhea (No. 14, 10.9%) 0 0.0% 3 2.3% 11 8.6% 13.11% <0.001*MC

*Significant #: Kruskal-Wallis
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Table 4 Laboratory investigations of patients infected with COVID-19

Disease severity Kruskal-
Wallis

P value Post hoc test

Mild
(No. = 19)

Moderate
(No. = 43)

Severe
(No. = 66)

Mean ± SD Mean ± SD Mean ± SD

WBCs *103 8.64 ± 2.90 5.48 ± 2.05 5.02 ± 1.68 10.25 0.006* P1 = 0.023*

• Median 7.0 5.50 5.50 P2 = 0.001*

• IQR 5.10–7.90 3.50–7.0 3.0–6.60 P3 = 0.373

Lymphocytes % 40.60 ± 5.91 19.98 ± 6.34 16.0 ± 4.76 54.45 < 0.001* P1,2 < 0.001

• Median 42 19 17 P3 = 0.002*

• IQR 36–45.5 15–26 13–19

RBCs *106 4.96 ± 0.65 5.63 ± 2.56 5.31 ± 2.62 8.24 0.016* P1 = 0.417

• Median 5 5 4.80 P2 = 0.098

• IQR 4.7–5.5 4.7–5.3 4.5–5 P3 = 0.005*

Hb (gm/dl) 13.37 ± 2.19 13.83 ± 0.94 11.96 ± 2.45 F = 11.84 <0.001* P1 = 0.447

• Median 12 14 12 P2 = 0.016*

• IQR 11.9–16 12.8–14.7 11–14 P1 < 0.001*

HCT % 40.69 ± 5.22 41.39 ± 4.54 34.87 ± 8.71 F = 12.65 <0.001* P1 = 0.643

• Median 43 43 36.5 P2 = 0.003*

• IQR 34–45 40–44 29.75–42 P1 < 0.001*

Platelets *103 213.63 ± 36.17 187.97 ± 63.77 169.95 ± 72.59 4.11 0.128 P1 = 0.390

• Median 215 227 172.50 P2 = 0.042*

• IQR 215–252 162–230 162–227 P1 = 0.276

Transferrin ng/mL 123.36 ± 23.98 386.90 ± 250.33 478.60 ± 381.73 11.99 < 0.001* P1,2 < 0.001*

• Median 103 257.50 261 P1 = 0.389

• IQR 103–150 175–645 175–905.75

CRP (mg/L) 28.38 ± 11.13 123.15 ± 110.11 154.23 ± 129.96 26.86 < 0.001* P1 = 0.067

• Median 23 100 87 P1 < 0.001*

• IQR 23–44 23–87 69–245 P1 = 0.094

*Significant P1: mild vs. Moderate, P2: Mild vs. severe, P3: Moderate vs. severe, IQR: Interquartile range

Fig. 4 Distribution of COVID-19
severity regarding levels of
WBCs and lymphocytes
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The COVID-19 disease severity significantly increased with
old age and was milder in younger age which was in concor-
dance with several other studies [37–39]. This can be explained
by poor health outcomes and the physiologic changes of aging
which begin early in life with the drop in production of new T
cells due to thymus gland involution, followed by deterioration
of the immune system and increased susceptibility to infection
[40]. Seventy to eighty percent of the circulating lymphocytes are
composed of T lymphocytes [41].

In his study, Han et al. 2020 stated that the wide-ranging
initial clinical symptoms which are fever, dry cough, and fa-
tigue were common. Ninety-four of 108 (87%) patients had
fever (range, 37.3–38.5 °C), which was followed in frequency
by dry cough (60%) and fatigue (39%) [26]. Furthermore Dai
et al., 2020, reach to similar results in his study with fever and
cough as the chief symptoms. However, some patients pre-
sented primarily with atypical symptoms, such as diarrhea,
nausea, and vomiting [29]. Similar to the previous results,
the patients enrolled in the current study presented with fever
(88.3%, range, 37.5–40 °C), cough (76.6%), and muscle ache
(myalgia)/fatigue (70.3%) as the most common presenting
symptoms, while diarrhea represent 10.9% (Fig. 7).

In the current study, laboratory results displayed the character-
istics of viral infection in most of our patients, such as normal
(71.9%) or decreased (25%) WBCs count (patients with normal
and decreased WBCs count represent 96.9%) and decreased lym-
phocyte count (64.1%) and elevated high-sensitivity C-reactive
protein CRP level (91.2%) due to inflammation. Our results are
in line parallel with previous studies; in his study, Han et al.’s
laboratory results showed normal or reduced WBC count
(100%), reduced lymphocyte count (60%), and elevated CRP
(99%) [26].

Seventy to eighty percent of the circulating lymphocytes are
composed of T lymphocytes [41], which explain the significant
lymphopenia frequently noted in COVID-19 [42–44] and was
associated with poor outcome and increases degree of severity in
patients with COVID-19. In addition, in sever COVID-19

infection peripheral T lymphocytes are further reduced due to
lymphocyte sequestration in specific target organs [8], lympho-
cyte affection through ACE2 receptor, which may be a direct
target of SARS-CoV-2 infection [45], and lymphocyte affection
by pro-inflammatory cytokines production especially IL-6 [3].

In the present study, lymphopenia was significantly report-
ed in 64.1% of all patients, and it was distributed as 0% for
mild COVID-19, 69.8% for moderate COVID-19, and 78.8%
for severe COVID-19 patients. For lab investigations, lym-
phocytes and Hb were significantly lower in patients with
severe COVID-19 (P < 0.001).

High-resolution CT can depict millimeter-size lesions and
play an important role in early diagnosis of COVID-19 pneumo-
nia [17, 46, 47]. In a study of 41 patients, Huang et al., 2020,
stated that 40 patients (98%) had bilateral while 1 (2%) had
unilateral involvement. They stated that the characteristic chest
CT signs for patients with severe symptoms admitted to the ICU
were bilateral, multiple, lobular, and subsegmental areas of con-
solidation, whereas findings for patients with mild symptoms not
admitted to the ICU were bilateral GGO and subsegmental areas
of consolidation [10]. In a study of 99 patients, Chen et al., 2020,
stated that 74 patients (75%) had bilateral pneumonia, with just
25 (25%) having unilateral pneumonia [11]. In a study of 51
patients, Song et al., 2020, reported that pure GGOs were detect-
ed in 77% of patients and that they showed principally bilateral,
posterior, and peripheral distribution [18]. Such data are related
to our results with 83.6% of our patients having bilateral distri-
bution and 8.6% having unilateral distribution with slight differ-
ence between our results and the previous literature that could be
explained by the difference in patient population number includ-
ed in each cohort study. The typical CT manifestations of
COVID-19 were in concordance with Wang et al., 2020, and
Kanne et al., 2020, which are bilateral, basal, and peripheral
ground glass opacities (GGOs), i.e., 92.2% and consolidation
in nearly 58.6% of patients [44, 48]. Although consolidation
associated with round opacities and septal thickening are more
common in COVID-19 according to Parekh et al. 2020 [13], our
finding revealed GGOwith higher non-round opacities (74.2%),
which can be useful in differentiating COVID-19 pneumonia
from other patterns of lung pathology (Fig. 8).

Chen et al., 2020, reported 14 patients (14%) had many areas
of mottling and GGO, while Lei et al., 2020, reported a patient
with numerous peripheral GGO in both lungs [11, 20]. In a study
by Chan et al., 2020, six of seven patients had multifocal patchy
GGO on CT, principally around the peripheral parts of the lungs
[49]. Overall, according to Bai et al. 2020, compared to non-
COVID-19 viral pneumonia, parenchymal opacities in
COVID-19 pneumonia were more likely to be peripheral (80%
vs. 57%), and have GGO (91% vs. 68%). COVID-19 patients
were less probably to have central and peripheral distribution
(14% vs. 35%) [13, 24]. In the present study, 63.3% of our
patients have diffuse GGO opacities while 27.3% have peripher-
al and 1.6% have central distribution.

Table 5 Correlation between CT score and lab investigations

CT score

rs P value CI 95%

WBCs*103 − 0.245 0.005* (− 0.42)–(− 0.05)
Lymphocytes% − 0.586 < 0.001* (− 0.71)–(− 0.43)
RBCs*106 − 0.248 0.005* (− 0.40)–(− 0.06)
Hb(gm/dl) − 0.342 < 0.001* (− 0.51)–(− 0.16)
HCT% − 0.377 < 0.001* (− 0.52)–(− 0.20)
Platelets*103 − 0.176 0.047* (− 0.33)–(− 0.01)
Transferrin 0.356 < 0.001* 0.20-0.50

CRP(mg/L) 0.429 < 0.001* 0.27-0.56

*significant
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Table 6 Radiological characteristics of the studied patients

Characteristics No. %

Ground glass opacity

Positive 118 92.2%

Negative 10 7.8%

Side of ground glass opacity (n = 118)

Bilateral 107 83.6%

Right 8 6.3%

Left 3 2.3%

Site of Ground glass opacity (n = 118)

Diffuse 81 63.3%

Peripheral 35 27.3%

Central 2 1.6%

Distribution of ground glass opacity (n = 118)

Upper + middle + lower 70 54.7%

Middle + lower 19 14.8%

Lower 18 14.1%

Upper + lower 6 4.7%

Upper + middle 3 2.3%

Upper 2 1.6%

Frequency of ground glass opacity (n = 118)

Multiple 112 87.5%

Single 6 4.7%

Pattern of ground glass opacity (n = 118)

Mosaic attenuation + consolidation + reverse halo/atoll sign 48 37.5%

Mosaic attenuation + reverse halo/atoll sign 33 25.8%

Crazy paving + consolidation + reverse halo/atoll sign 22 17.2%

Reverse halo/atoll sign 6 4.7%

Consolidation + reverse halo/atoll sign 5 3.9%

Crazy paving + reverse halo/atoll sign 4 3.1%

Morphology pattern (n = 118)

Not rounded 95 74.2%

Rounded 33 25.8%

Centrilobular nodules/tree-in-bud sign

Positive 39 30.5%

Negative 89 69.5%

Solid nodule(s)

Positive 38 29.7%

Negative 90 70.3%

Air space consolidation

Positive 83 64.8%

Negative 45 35.2%

Lymphadenopathy

Positive 39 30.5%

Negative 89 69.5%

Site of Lymphadenopathy (n = 39)

Mediastinal 39 100.0%

Pleural thickening

Positive 21 16.4%

Negative 107 83.6%

Pleural effusion
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Table 6 (continued)

Characteristics No. %

Positive 20 15.6%

Negative 108 84.4%

Mucoid impaction

Positive 26 20.3%

Negative 102 79.7%

Bronchial wall thickening

Positive 54 42.2%

Negative 74 57.8%

Smooth interlobular septal thickening

Positive 82 64.1%

Negative 46 35.9%

Smooth interlobular septal thickening (n = 82)

Mild 37 28.9%

Moderate 29 22.7%

Severe 16 12.5%

Pulmonary cavities

Positive 3 2.3%

Negative 125 97.7%

Endotracheal intubation

Positive 5 3.9%

Negative 123 96.1%

Pericardial effusion

Positive 2 1.6

Negative 126 98.4

*Significant

Fig. 5 A 28-year-old male presented with positive RT-PCR and symp-
toms consistent with COVID-19. Axial unenhanced chest HRCT image
shows right lower lobe peripheral patchy GGO (red arrows), tree-in-bud
sign (green arrows), and vascular thickening (yellow arrow) with poor
definition of the area surrounding lesion (blue arrow)

Fig. 6 A 59-year-old female presented with positive RT-PCR and symp-
toms consistent with COVID-19. a. Axial unenhanced chest HRCT im-
age demonstrated diffuse right lower lobar consolidation opacification
with left lung lower lobar large GGO mixed with consolidation with
bilateral crazy paving pattern (red arrows), air bronchogram (green ar-
rows), halo sign, vascular thickening, and interlobular septal thickening
(yellow arrows), with poor definition of the other areas surrounding
lesions
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Cheng et al., 2020, in his study, found mixed GGO and
consolidation in patients with positive RT-PCR test results,
the most frequently detected opacification in patients with
COVID-19 was GGO (100.0% [11/11]), which appeared

mainly in the peripheral zone and most often involved lower
lung lobes and segments. This strongly suggests that GGO is
the most common imaging manifestation among patients with
COVID-19, which is useful in diagnosing and isolating cases
while they are in the early stage of the disease. It is worth
mentioning that the appearance of the GGOwas round or oval
rather than patchy [10]. Equivalent to previous studies, GGO
patterns were found in 92.2% of our patients.

Comparable with the outcome of a former study by Chan
et al., 2020, pleural effusion and lymphadenopathy were not
detected. In our study, pleural effusion (15.6%) and lymph-
adenopathy (30.5%) were found which could be explained by
the limited number (five patients) of population in Chan
et al.’s study [49] (Fig. 9).

In the current study, CT findings of GGO found that lesions
were found in 92.2% of our patients, 90.6% have peripheral
distribution, and 88.3% were located in the lower lobes. The
lesions involved one lobe in 15.6% and two or more lobes in
76.6% of the patients. In the current study, the lower lobe was
the most affected part (14.1%) in single lobar affection. This
was in agreement with Han et al.al. (2020) who stated that in
primary CT findings, when the lesions involved two or more
lobes, it were essentially distributed in the peripheral zones of
the lung, while in single lobe involvement, it was usually in
the right lower lobe [26]. This finding may be related to the
anatomy of the right lower lobe bronchus, which is thick and
short, making it easy for the virus to attack it. Regarding the
diffuse radiological characteristics of the studied patients with
more tendency to basal lung affection and the correlation be-
tween lung CT score and lab investigations (WBCs, lympho-
cytes%, RBCs, Hb, HCT, platelets, transferrin, and CRP),
these results suggest additional blood involvement in
COVID-19 lung pathophysiology.

Fig. 7 A 72-year-old female presented with positive RT-PCR and symp-
toms consistent with COVID-19. Axial unenhanced chest HRCT image
shows bilateral lower lobar peripheral and central multiple patchy GGO
with crazy paving pattern, air bronchogram, halo sign, vascular thicken-
ing, and interlobular septal thickening with poor definition of the other
areas surrounding lesions

Fig. 8 A 49-year-old male presented with positive RT-PCR and symp-
toms consistent with COVID-19. Axial unenhanced chest HRCT image
demonstrated bilateral basal peripherally located under the pleura GGO
mixedwith consolidation (red arrows), of ill-defined boundary, air bubble
sign (green arrows), halo sign (yellow arrows), and air bronchogram,
vascular thickening, and interlobular septal thickening (blue arrows)

Fig. 9 A 49-year-old male presented with positive RT-PCR and symp-
toms consistent with COVID-19. Axial unenhanced chest HRCT image
demonstrated mediastinal lymphadenopathy (red arrows)
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Furthermore, Han et al., 2020, found that COVID-19 pneu-
monia is common in adults (mean age, 45 years) but infre-
quent in children and infants [26]. In his study, Cheng et al.,
2020, the youngest patient in the present study is a 25-year-old
male [28]. In the current study, the mean age ± SD is 49.07 ±
15.89, range 13–65 years. The youngest patient is a 13-year-
old-male and the oldest is a 85-year-old male. Our patients’
age categories were 3.1% (< 15 years), 33.6% (15 < 45 years),
43% (45 < 65 years), and 20.3% (≥ 65 years).

COVID-19 demonstrations are more widespread GGO
than consolidation, which is in harmony with clinical findings
[50–55]. There is a wide-ranging CT signs of viral pneumo-
nia. Even though not all cases of viral pneumonia have the
classic imaging patterns, most cases have similar manifesta-
tions on imaging and are related to the pathogenesis of pul-
monary viral infection [56].

Han et al., 2020, found that fairly characteristic manifesta-
tions were halo sign (64%), crazy paving pattern (40%), and
air bronchogram sign (48%) [26]. Why are GGO and the halo
sign early CT manifestations? The pathophysiologic mecha-
nism is not clear. It may that inflammatory cytokine storm
causes pneumonia with early pathologic finding diffuse alve-
olar damage. Since the hyaline membrane is between the al-
veolar walls, exudation and edema in the alveoli are not obvi-
ous, perhaps initiating GGO on CT images [10].

Dai et al., 2020, stated in his study the characteristic signs
on CT images. The atypical attenuations were highly com-
monly located in bilateral multiple lung lobes and disseminat-
ed in the lower and/or periphery of the lungs with frequent
signs, for example, interlobular septal thickening, air bronchus
sign, pleural thickening, solid nodules, and reticular/mosaic
s ign . Addi t iona l ly , a few cases of medias t ina l
lympadenopathy, pleural effusion, and pericardial effusion
were detected [29]. According to Bai et al. 2020, in contrast
to non-COVID-19 viral pneumonia, parenchymal opacities in
COVID-19 pneumonia state that COVID-19 patients were
less likely to have air bronchograms (14% vs. 23%), pleural
thickening (15% vs. 33%), pleural effusion (4 vs. 39%), and
lymphadenopathy (2.7% vs. 10.2%) [13, 24].

Reversed halo sign and pulmonary nodules associated with
COVID-19 have not been formerly described with severe
acute respiratory syndrome (SARS) and Middle East respira-
tory syndrome (MERS). Lung abnormalities in SARS are
more frequently described to be unifocal [57]. Our study agree
with those distinguishing CT manifestations; 83.6% of our
patients have ground glass opacities GGOs which were the
most frequently seen in each CT stages with different CT
manifestations; reverse halo/atoll sign (92.2%), mosaic atten-
uation (63.3%), consolidation (58.6%), bronchial wall thick-
ening (42.2%), and crazy paving (20.3%). GGO assumes
rounded shape in (25.8%). In addition to the characteristic
GGO, another CT manifestation was also recorded;
centrilobular nodules/tree-in-bud sign 30.5%, solid nodule(s)

29.7%, bronchial wall thickening 42.2%, interlobular septal
thickening 64.1%, and mucoid impaction 20.3%. The fre-
quency of pulmonary cavities 2.3%, pleural thickening
16.4%, pleural effusion 15.6%, mediastinal lymphadenopathy
(30.5%), and pericardial effusion (1.6%) was relatively small.
These CT performances of COVID-19 were in line parallel to
the earlier studies [17, 26, 28, 29]. Our results suggested that
each clinical, laboratory and imaging (especially CT) finding
had their characteristic signs and performances, making it fea-
sible for physicians and radiologists to quickly make the final
diagnosis and staging of the COVID-19 pneumonia.

There were limitations to this study that should be
declared. First, the number of study cohort is small; a
larger cohort study would be useful to further explore
the details of imaging findings. Further research with
use of a more sample size is necessary to explore the
applicability of the clinical, laboratory, and radiological
findings in predicting the prognosis of COVID-19, so
further studies that include long-term follow-up CT ex-
aminations are needed to investigate the entire course of
the disease and to evaluate disease progression/
regression after treatment efficacy. Second, lung tissue
biopsies or even autopsy to investigate the relation be-
tween CT findings and histopathologic appearances
were not available. Third, the patients performed the
CT scans with different machine type, due to the mul-
tiple centers in the study. The heterogeneity of the CT
data might influence the results of the study. As a final
point, this was a retrospective study. A further longitu-
dinal research was needed to provide dynamic CT as-
sessment for pulmonary lesions and to obtain the data
of long term pulmonary function changes.

Conclusion

In conclusion, the commonest clinical characteristics of
COVID-19 pneumonia were fever, cough, and muscle ache
(myalgia)/fatigue, while the most frequent laboratory abnor-
malities encountered were low lymphocyte and WBCs and
high CRP. Review of chest CT shows that bilateral pulmonary
GGO and air space consolidation predominantly located in the
peripheral zones mainly the right lower lobe were the typical
radiological findings with more lobes involvement indicate
aggravation of the disease. This study highlighted the impor-
tance of HRCT imaging features combined with clinical and
laboratory assessment for accurate and quick diagnosis and
staging of COVID-19 pneumonia patients.
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