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SUMMARY

OBJECTIVE: To compare the computed tomography (CT) imaging findings of coronavirus disease 2019 (COVID-19) by gender and age groups.
METHODS: The patients with COVID-19 (n=1,024) were divided into nine age groups (0-9 years, 10-19 years, 20-29 years, 30-39 years,
40-49 years, 50-59 years, 60-69 years, 70-79 years, and 80 years and above). The CT findings were retrospectively analyzed according

to the age groups and gender.

RESULTS: Under 20 years of age, except for the ground-glass opacity and consolidation, no other finding was observed. Airway changes
and crazy-paving pattern were more common over 80 years. While the tree-in-bud pattern was more common in the 20-29 age group
than in other age groups, the halo sign was mostly seen at the age of 30-39 years. Unlike other groups, the thin reticular pattern was
more common in patients aged 60-79 years. When the findings were compared by gender, the rates of centrilobular nodules (p=0.006),
airway changes (p=0.004), and tree-in-bud pattern (p=0.050) were significantly higher in males than in females.

CONCLUSION: The chest CT findings of COVID-19 show significant changes according to age and gender. The findings that are more
common in elderly and male patients should be carefully evaluated in terms of the prognosis of the disease.
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INTRODUCTION
The novel coronavirus disease 2019 (COVID-19) is an
infectious disease, which was first identified in December
2019 and declared a pandemic in March 2020, spread-
ing rapidly to the whole world and causing the death of
1,280,000 people as of November 11, 2020'. COVID-19
is a viral disease that spreads rapidly from person to person
and can cause serious health problems, such as pneumo-
nia, necrotizing encephalopathy, systemic and pulmonary
thromboembolism, acute respiratory distress syndrome,
respiratory failure, and sepsis'?. Approximately, 15-20%

of patients have the serious form of the disease, and the
mortality rate is around 2-3%".

Recent studies have highlighted the importance of a chest CT
examination in COVID-19 patients with false negative RT-PCR
results and reported CT sensitivity as 98%”°. However, chest
CT images may show different imaging features in COVID-19
patients depending on the stage and severity of the disease’.

The typical CT features of COVID-19 pneumonia are
bilateral and multifocal ground-glass opacities (GGO).
Classically, lesions are predominant in the peripheral, poste-
rior, and basal parts of the lungs®. Despite the large number of
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studies on the CT findings of COVID-19, there are only lim-
ited studies evaluating the distribution of findings by gender
and age. Most of the available studies present the comparison
of pediatric and adult patients without age grouping,.

The aim of this study was to evaluate the distribution of

the CT findings of the COVID-19 disease by age and gender.

METHODS

This retrospective study was carried out with 1,024 patients
who were admitted in the Sakarya University Education and
Research Hospital between January 1 and April 1, 2020 with
the suspicion of COVID-19. The study protocol was approved
by the local ethics committee of the Faculty of Medicine of the
University (IRB No. 71522473/050.01.04/221). The RT-PCR
assay of the nasopharyngeal or oropharyngeal swab samples and
chest CT imaging data of 1,024 patients were recorded within
the scope of the study. The inclusion criteria were having a
positive PCR-RT test and complete CT findings. The exclu-
sion criteria were having a chronic lung disease or a history of
any lung pathology. The sample was divided into nine groups

based on age decades.

Computed tomography protocol
For the investigation of COVID-19 pneumonia, all the patients
underwent nonenhanced chest CT examinations in the supine
position during end-inspiration. The CT scans of the patients
were obtained with a 64-section multidetector CT scanner
(Aquilion 64, Toshiba, Japan) using the following protocols:
tube voltage 120 kV, automatic tube current 120-380 mA,
thickness 5 mm, slice interval 5 mm, rotation speed 0.5 s,
and helical pitch 1.0875:1 or 1.375:1 for the adults, and tube
voltage 100 kV, automatic tube current 30~100 mA, thickness
3—5 mm, slice interval 1 mm, rotation speed 0.6 s, and helical
pitch 0.969:1 for the pediatric patients. Lung window images
at 0.625—1 mm thickness were reconstructed using the iterative
technique. The informed consent for the CT examination was
obtained from all patients or from their parents. The chest CT
features were reviewed by two radiologists (AK and YG with 10
and 15 years of experience in thoracic imaging, respectively)
based on consensus. Any controversy between the two radiolo-
gists evaluating thorax CT findings was resolved by consulting
a third experienced radiologist (MHO with more than 20 years
of experience in thoracic imaging). The imaging findings were

evaluated comparatively by gender and age groups.

Statistical analysis
Statistical analysis was performed with SPSS v23.0 (IBM, New
York, NY, USA), and p<0.05 indicated a statistically significant
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difference. Quantitative variables were expressed as mean or
median values and standard deviation. Categorical variables

were compared with the Pearson’s chi-square test.

RESULTS
A total of 1,024 patients, 546 men (53.32%) and 478 women
(46.68%), were included in the study. The average age was
46.29%17.99 years. The distribution of the CT findings is shown
in Figure 1. GGO was present in 715 patients (69.82%), con-
solidation in 350 (34.18%), intra-interlobular septal thicken-
ingin 152 (14.84%), crazy-paving pattern in 96 (9.38%), thin
reticular pattern in 86 (8.40%), airway changes in 72 (7.03%),
air bronchogram in 62 (6.05%), fibrosis in 48 (4.69%), lymph-
adenopathy in 35 (3.42%), intraparenchymal vascular enlarge-
ment in 28 (2.73%), pleural effusion in 25 (2.44%), air bubbles
in 21 (2.05%), tree-in-bud pattern in 20 (1.95%), halo sign
in 20 (1.95%), reverse halo sign in 17 (1.66%), centrilobular
nodule in 16 (1.56%), and pericardial effusion in 11 (1.07%).

The results of the comparison of the CT findings by gen-
der are given in Table 1. In the males, the rates of centrilob-
ular nodules (2.56%), airway changes (9.16%), and tree-in-
bud pattern (2.75%) were significantly higher compared to the
females (0.42, 4.60, and 1.05%, respectively) (p=0.006, 0.004,
and 0.050, respectively). The statistically significant findings
according to the gender comparison are shown in Figure 2.

When the CT findings were compared between the age
groups, there were significant differences in terms of the rates
of GGO, consolidation, intra-interlobular septal thickening,
thin reticular pattern, fibrosis, extrapulmonary involvement
(pleural effusion), extrapulmonary involvement (lymphade-
nopathy), air bubble, air bronchogram, airway changes, peri-
cardial effusion, and crazy-paving pattern. The results of the
comparison of the CT findings by age are given in Table 2.

Under 20 years of age, except for the GGO and consolida-
tion, no other finding was observed.

The airway changes and crazy-paving pattern were more
common over 80 years.

While the tree-in-bud pattern was most frequently seen in
the 20-29 years age group, the halo sign was more common
in the patients aged 30-39 years compared to the other age
groups. Unlike other ages, the thin reticular pattern was more
common in the 60—79 years age group. The higher frequencies
of all these findings in different age groups were statistically
significant (p<0.001).

Some of the CT findings are shown in Figure 3.

Furthermore, the chi-square trend analysis revealed that
the significant relationship of the CT findings with age had

an increasing trend as the age progressed.
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Figure 1. Distribution of computed tomographic findings of COVID-19.

Table 1. Distribution of parenchymal abnormalities according to gender.

p-value
n % n %
Ground-glass opacity 384 (70.3) 331 (69.25) 0.706
Consolidation 185 (33.88) 165 (34.52) 0.830
Intra-interlobular septal thickening 89 (16.30) 63 (13.18) 0.161
Thin reticular pattern 52 (9.52) 34 (7.11) 0.165
Centrilobular nodules 14 (2.56) 2 (0.42) 0.006*
Intraparenchymal vascular enlargement 20 (3.66) 8 (1.67) 0.051
Halo sign 8 (1.47) 12 (2.51) 0.228
Reverse halo sign 11 (2.01) 6 (1.26) 0.343
Fibrosis 30 (5.49) 18 (3.77) 0.192
Pleural effusion 13 (2.38) 12 (2.51) 0.893
Mediastinal lymphadenopathy 23 (4.21) 12 (2.51) 0.135
Air bubble sign 13 (2.38) 8 (1.67) 0.426
Air bronchogram 39 (7.14) 23 (4.81) 0.119
Airway changes 50 (9.16) 22 (4.60) 0.004*
Pericardial effusion 3 (0.55) 8 (1.67) 0.082
Tree-in-bud pattern 15 (2.75) 5 (1.05) 0.050*
Crazy-paving pattern 54 (9.89) 42 (8.79) 0.546
*p<0.05 is statistically significant.
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Figure 2. Statistically significant findings by gender.

Table 2. Distribution of parenchymal abnormalities according to age.

S;‘;girt‘;"glass 4 |(66.67)| 10((27.78)| 54 (36.24) 131/(60.65)|161| (72.85) [124((83.78) 1103 (93.64)| 85 | (93.41)| 43 [(91.49) |<0.001*
Consolidation 3 ((50.00)| 4 [(11.11)[ 24 [(16.11)| 54 |(25.00)| 61 |(27.60) | 62 |(41.89)| 57 |(51.82)| 55 | (60.44) | 30 |(63.83) |<0.001*
Intra—interlobular .
septal thickening 2 | (134) |16 (7.41) |17 (7.69) | 26 |(17.57)| 33 |(30.00) | 40 | (43.96) | 18 |(38.30)|<0.001
g:'trt‘erri“w'ar 21134 | 6|78 15| 6.79 |11 (7.43) | 25|(22.73)[ 21 |(23.08)| 6 |(12.77)|<0.001*
Centrilobular
il 4 | (2.68) 3/(136)|2|(1.35 |3 [@73)|3|@30)|1|@13) | 0.408
Intraparenchymal
vascular 1106730139 12| .43) | 3 [(2.03) |5 | @55 |2|@20 |2 |@26) | 0.105
enlargement
Halo sign 11278 |5 (3368|370 |2 0902|0135 1] ©91) 1]@.13) | 0.323
Reverse halo sign 1106720934 |08)|7 @73 1091220 0.142
Fibrosis 7 1G24 |6 |@71)[12]©811) | 4 | (B.64) |9 |(9.89 [10[21.28)|<0.001*
Pleural effusion 1]046) |2 0902|0135 |3 [@73) |7 |769 [10/21.28)|<0.001*
Mediastinal
lymphadenopathy 3 1(.01) |1 [(0.46) |2 [(0.90) |4 |(2.70) |11((10.00)| 7 | (7.69) | 7 |(14.89)|<0.001*
Air bubble sign 2 | (1.34) 2 [090) |2 (135 |5 |55 |8 |@®79 |2 |(4.26) |<0.001*
Air bronchogram 513.36) |5 [(231) ]9 |(4.07) |6 |(4.05 |8 | (7.27) |17 |(18.68) [12 |(25.53) |<0.001*
Airway changes 4268 |7 [(3.24) |8 | (3.62) | 6 | (4.05) |14 [(12.73)|21 |(23.08) |12 |(25.53) |<0.001*
Pericardial effusion 11(0.68) |1 [(0.91) |6 |(6.59) |3 |(6.38) <0.001*
Tree-in-bud 7 [@70) |5 [@231) 3 (0136 |1 [068) |2 (182 2 |@.26) | 0.168
g;?tzeyr‘rﬁ’a‘””g 11(067) |6 |(2.78) |14 (6.33) |18 [(12.16) |23 [(20.91) |20 |(21.98) | 14 |(29.79) |<0.001*
*p<0.05 is statistically significant.
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Figure 3. (A) Multiple ground-glass opacities and consolidation with a thickened intra-interlobular septum (blue arrow).
The air bronchogram sign (white arrow). (B) Reversed halo sign in the right lower lobe upper segment (blue arrow). (C) Halo
sign, central denser consolidation surrounded by ground-glass opacity of crescent shape in right lower lobe (blue arrow). (D)
Multiple patchy ground-glass opacities with consolidation scattered in the peripheral zone of lower lobe, presenting with
poorly defined boundaries and vascular thickening (blue arrow). (E) Ground-glass opacities with the air bubble sign in the
upper lobe of the right lung (white arrow) and ground-glass opacities with subpleural line in the right inferior lobe (black
arrow). (F) Crazy-paving pattern, multiple ground-glass opacities distributed in the peripheral area, ground-glass opacities
with consolidation, and thickened intralobular septum (blue arrow).

DISCUSSION

This retrospective study showed that the CT manifestations of
patients of different ages and gender were not exactly the same.
Therefore, determining their CT features can help deepen our
understanding of differences in disease characteristics between
different age groups and can assist in clinical diagnosis and
treatment decision-making.

In patients infected with COVID-19, the mortality increases
with the increase in age, which is attributed to the higher inci-
dence of comorbid diseases in advanced ages’. However, the
disease can also have a severe course in young people with-
out any comorbidity or may present with mild symptoms
in elderly individuals with certain comorbidities. Zhu et al.
found no significant difference in the development and pro-
gression stages of the disease in young and elderly patients'’.
However, many previous studies show that being old, male,
and having comorbid diseases are poor prognostic factors for
COVID-19'". Li et al. stated that the mortality rate among

546

elderly patients was significantly higher in males but they also
noted no significant difference in mortality according to age'?.

Chest CT is the key imaging modality in the early diagno-
sis of COVID-19, with the most common CT findings being
patchy subsegmental or multiple GGOs with bilateral segmen-
tation®. In all ages, the most common finding of COVID-19
pneumonia is GGO. The multiple and bilateral incidence of
GGO was found to be statistically significant in elderly patients.
In addition, a strong relationship was observed between age
and the number of involved lobes'*. Wang et al. reported that
non-subpleural distribution, single lesions, and limited num-
ber of involved lobes were common in patients under 40 years
of age". Similarly, the most common finding in this study was
GGO, with its incidence significantly increasing over the age
of 60 years.

Song et al. stated that consolidation was seen more fre-
quently in young patients and GGO in elderly patients, and

the area of the lungs involved was more in elderly patients'®.
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However, we found that the consolidation incidence increased
over the age of 70 years.

In this study, the halo sign was more common in 30-39 years.
Xia et al. stated that the halo sign accounted for up to 50% of
pediatric cases as a typical sign in pediatric patients'. In this
study, the rate of the halo sign in pediatric patients was only
2.78%. The incidence of subpleural line and pleural thickness

10

is higher in elderly patients than young people'®. Wang et al.
reported that moderate pleural thickening and bronchiectasis
were more common in elderly patients”. Gu et al. stated that
the interlobular thickening and honeycomb pattern findings
were more common in elderly people'®. In this study, the thin
reticular pattern finding was more common in the patients
aged 60—79 years, and airway changes and the crazy-paving
pattern were more common over 80 years. The higher rates of
both pleural and airway findings in elderly patients were con-
sistent with the literature.

Gu et al. reported that nodules were more common in
younger people'®. We found no significant difference in terms
of nodule incidence. In this study, the more common finding
in the young age group was the tree-in-bud pattern, which was
mostly seen in the 20-29 years age group.

According to the reports of the World Health Organization,
COVID-19 infection is more common in men, but the effect of
gender difference on prognosis remains unclear'®. Ueyama et al.
stated that COVID-19 infection was more severe in men, but
there was no significant difference in mortality between the
genders®. Gu et al. found no significant difference between
genders in their study with 50 patients’®. In this study, the
more common findings in men compared with women were
centrilobular nodules, airway changes, and tree-in-bud pattern.
The higher frequencies of all these three findings in men were
statistically significant.

There are some limitations in this study. We used single
imaging for each patient and we did not evaluate the prog-
ress of COVID-19 with dynamic imaging. This scudy mostly
emphasized on the CT imaging features of COVID-19 and the
differences between age groups and gender. We did not explore
the relationship between the COVID-19 imaging findings and

disease prognosis or mortality.

CONCLUSION

Multiple lobes being affected, subpleural lesions, crazy-pav-
ing pattern, bronchodilation, and pleural thickening are more
common COVID-19 findings in elderly patients than in young
people. Each age group has its own characteristics, and hav-
ing knowledge on these features can help better understand
the disease, make accurate diagnosis, and manage follow-up.
There were significant differences in the imaging findings of the
patients with confirmed COVID-19 pneumonia by age and
gender. These differences became more evident in advanced
ages. We consider that this study will contribute to the litera-
ture in terms of showing that the COVID-19 disease progresses
asymptomatically or mildly in younger ages and progresses seri-
ously in advanced ages, with the mortality rate being markedly

higher among the elderly patients.
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