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ABSTRACT

SARS-CoV-2 (COVID-19), a previously unidentified type of coronavirus in humans, causes respiratory tract infection. The infection
is transmitted by droplets and leads to several serious diseases characterized by acute respiratory distress syndrome (ARDS). We
aimed to examine the changes in the volumes of lung regions infected with COVID-19, a new and highly pathogenic strain, according
to age and gender.

After obtaining ethical permission, 6700 patients who applied with positive COVID-19 test were selected between 01/03/2020 and
01/03/2021. Patients with asthma, bronchiectasis, obstructive pulmonary disease, pleurisy, allergic lung disease, lung tumor, and
smokers were excluded from the study. After the excluded patients, computed tomography images of a total of 407 COVID-19-
positive patients, 188 women, and 219 men, wete obtained retrospectively. From the images taken, 2 to 10- decade groups of male
and female patients between the ages of 10 and 100 were formed for the study. Images were skipped at certain intervals from the lung
CT images for each patient in the groups. By applying stereological methods to the images, the total volume of the lung and the
volumes of the infected lung regions were calculated.

In the analysis of the infected COVID-19 lung volume/total lung volume (%) ratio by gender and decades, there was a statistically
significant difference according to gender in the 27, 6th, and 9% decades [(p=0.002), (p=0.001) and (p=0.032)] was observed. In the
compatison of the infected COVID-19 lung volume/total lung volume ratio by decades, a statistically significant difference was

observed in both genders (p=0.001).

Further studies and medical research are needed to better understand age- and sex-specific differences for effective intervention.
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Introduction

Coronaviruses are enveloped RNA viruses that can
spread between humans, other mammals, and birds. It
mainly causes respiratory-related symptoms. It is
transmitted easily and quickly through respiratory
droplets. Infection can cause a range of clinical
conditions, from asymptomatic viral
carriers/spreaders to severe diseases characterized by
acute respiratory distress syndrome (ARDS) (1,2).
Sometimes it also causes hepatic, neurological, and
enteric symptoms. Six types of coronavirus were
known to cause diseases in humans, up to
SARS- CoV2 (COVID-19), which was first seen in
December 2019 and caused the pandemic (3). Among
these species, HKU1, OC43, 229E, and NL063 cause
mild symptoms similar to the common cold. Other

SARS- CoV (severe acute respiratory
syndrome- coronavirus) and MERS- CoV (Middle

East respiratory syndrome- coronavirus)
coronaviruses cause more severe and potentially fatal
illnesses (4). General histopathological findings such
as diffuse alveolar damage in the lung, necrotizing
bronchitis/bronchiolitis, and interstitial inflammation
are observed in viral infections (5,6). Clinically, the
symptoms of COVID-19 are nonspecific, fever,
cough, shortness of breath, anosmia, and fatigue. But
some patients are asymptomatic throughout the
course of the disease. Nasopharyngeal and upper
respiratory tract specimens are the first choice for
diagnostic testing (7). Classical CT imaging of viral
pneumonia also provides a highly accurate diagnosis
of COVID-19. COVID-19 is visualized as multifocal
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bilateral peripheral ground glass among chest CT
patterns. Lung segmental irregular consolidation areas
are usually seen in the subpleural and lower lung lobes
and  posterior segments (8,9,10,11,12,13,14).
Stereology is a method that reveals the properties of
the three-dimensional structure by applying vatrious
mathematical operations on two-dimensional sections
obtained from three-dimensional samples. It is used
in medicine to calculate the volume or cell density of
a region or structure. Moreover, it reduces human
error by about 5%. Therefore, it is used in scientific
studies (15,10).

Materials and Methods

Obtaining, Exclusion Criteria and Grouping of
Data: Computerized tomography images were
obtained from Van Yiziinci Yil University Faculty of
Medicine, Dursun Odabas Medical Center, Radiology
Department retrospectively the electronic
environment. Patients with a history of asthma,
bronchiectasis, obstructive  pulmonary  disease,
pleurisy, allergic lung diseases, lung tumors, and
smokers, among the patients to whom the images
belonged, were not included in the study. Then, a
total of 407 patients, 188 women, and 219 men, were
divided into two groups by gender. Each group
obtained was divided into 2 to 10 decades, in the
range of 10 to 100 years old.

Making Volume Measurements: Approximately,
10 images were obtained from each patient by
skipping images from CT images at certain intervals.
Total lung volumes were measured with a dotted area
measurement ruler on the images obtained (Figure 1).
The volume of infected lung regions was then
measured in the same images (Figure 2).

Infected lung volume and total lung volumes of each
patient in their groups were calculated. Then, the
infected lung volume and total lung volumes were
proportioned between them, and the average was

calculated (Table 1).

Statistical Analysis: Data obtained from decades
were subjected to statistical analysis (Table 2,3).
Sample size of the retrospective study; Calculated
using the G*Power statistical program (ver.3.1.9.7)*.
According to this; in one-way ANOVA experimental
design; By distributing the 407 samples according to
the groups, the Power (power of the test) was found
to be 0.99 when the Effect size was 0.5 and the Type-
1 error (a) was 0.05. Kolmogorov-Smirnov (n>50)
and Skewness-Kurtosis tests were used to check
whether the volumes in the study were normally
distributed, and parametric tests were applied because
the measurements were normally distributed.
Descriptive statistics for continuous variables in the

study; expressed as mean, standard deviation, number
(n) and percentage (%0). “Independent T and “one-
way ANOVA” tests were used to compare volume
measurements according to gender and decades.
Statistical significance level was taken as p<0.05 in
calculations and SPSS (IBM SPSS for Windows,
ver.26) statistical package program was used for
analysis.

Results

General descriptive statistics of the volumes of total
lung and Covid-19 infected lung regions by gender
and decades are given. Accordingly, 188 women and
219 men were included in the study (Table 2). The
mean values of the total lung volume and the infected
COVID-19 lung volumes in each decade and their
standard mean were determined (Table 2).

In Table 3; the comparison results of the COVID-19
infected lung volume/Total lung volume (%) of
measurements by gender and decades are given.
According to these results; in the 2nd decade, a
statistically significant difference was observed in the
ratio of COVID-19 infected lung volume/total lung
volume according to gender (p=0.002). In other
wotds; The COVID-19 infected lung volume/total
lung volume ratio varied by gender in the 2nd decade.

Similarly; in the 6th decade, a statistically significant
difference was observed in the ratio of COVID-19
infected lung volume/total lung volume according to
gender (p=0.001). According to this; the ratio of
COVID-19 infected lung volume/total lung volume
varied by sex in the 6t decade.

Again; in the 9th decade, a statistically significant
difference was observed in the COVID-19 infected
lung volume/total lung volume ratio according to
gender (p=0.032). According to this; the COVID-19
infected lung volume/total lung volume ratio vatied
by gender in the 9th decade.

Despite that; in other decades, no statistically
significant difference was observed in the ratio of
COVID-19 infected lung volume/total lung volume
by gender (p>0.05).

In addition, in table 3; the groups that make a
difference in the comparison of the COVID-19
infected lung volume/total lung volume ratio by
decades are indicated with letters.
According to this; A statistically significant difference
was observed in the ratio of COVID-19 infected lung
volume/total lung volume in men compared to
decades (p=0.001). In this context; while the 6, 7t
8t 9th and 10t decades in men were found to be
similar with the highest values, the 3 and 5% decades
were similar among themselves, and a difference
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Table 1. Averages of the Ratios of Infected COVID-19 Lung Volume to Whole Lung Volume

Gender

Infected COVID-19 lung volume /
Total lung volume (%)

Female (n:188)

Male (n:219)

Mean Mean
2.Decade 23,0 59,3
3.Decade 42.4 42.6
4.Decade 59,1 50,2
5.Decade 53,4 46,7
6.Decade 54,2 71,4
7.Decade 65,2 65,8
8.Decade 66,1 65,7
9.Decade 70,1 63,4
10.Decade 69,6 70,6

Table 2. General Descriptive Statistics of Total Lung Volume and Infected COVID-19 Lung Volumes

By Gender and Decades

Gender
Female (n:188) Male (n:219)
Mean SD Mean SD
2.Decade 2196,6 667,1 1407,7 359,7
3 Decade 22351 7952 1875,8 577.6
4.Decade 2407,2 2195,5 1463,3 528,9
5.Decade 1994.6 4539 1404,8 407,8
Total lung volume (cm?) 6.Decade 19727 545,3 1718,5 367,9
7.Decade 2309,1 405,4 1518,5 213,6
8.Decade 2686,8 710,2 12442 248.6
9.Decade 2315,8 6246 1366,5 191,0
10.Decade 2083,8 565,5 1270,4 210,7
2.Decade 544.8 886,1 790,1 344.6
3.Decade 9232 5721 707,9 304,6
4 Decade 1413,0 1814,5 688,6 256,2
5.Decade 1073.,6 497 .4 611,7 163,2
{;ff;rfj ((523\)7 ID-19 lung 6.Decade 1065,8 500,5 1207,6 305,0
7.Decade 14957 468,6 996,7 2683
8.Decade 1760,7 561,1 817,4 203,8
9.Decade 1618,9 526,9 860,8 170,1
10.Decade 1455,5 558,1 881,4 151,2

SD: Standard Deviation

was observed in the 4t decade. On the other hand,
patients in the 2nd decade were found to be different
from all other decades by taking the lowest value.

Again; a statistically significant difference was
observed in the ratio of COVID-19 infected lung
volume/total lung volume in women compared to
decades (p=0.001). According to this; In women, the
7t 8th 9th and 10t decades were found to be similar

with the highest values, while the 3t 4th 50 and 6t
decades were similar among themselves. On the other
hand, patients in the 2% decades were found to be
different from all other decades by taking the lowest
value. When the rates of total lung volume and
infected COVID-19 lung volume in both sexes were
examined, it was found that there was a similarity in
the 3t 7t 8t and 10t decades (Figure 3).
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Table 3. Comparison of Infected COVID-19 Lung Volume/Total Lung Volume (%) Ratio by Gender

and Decades

Gender
Female (n:188) Male (n:219) .
Mean Std. Dev.  Mean Std. Dev. P-
2.Decade 23,0 c 27,6 59,3 b 26,1 ,002
3.Decade 42,4 b 23,8 42,6 d 23,7 ,981
4.Decade 59,1 b 27,5 50,2 ¢ 17,3 ,218
Infected COVID-19 lung 5.Decade 53,4 b 20,2 46,7 d 18,6 ,235
volume/Total lung Volume 6.Decade 542 b 23,4 71,4 a 15,9 ,001
(o) 7.Decade 65,22 17,4 65,8 2 15,2 ,867
8.Decade 66,1 a 13,5 65,7 a 10,4 ,924
9.Decade 70,1 a 12,4 63,4 a 11,7 ,032
10.Decade 69,6 a 25,1 70,6 a 13,6 ,923
*p. ,001 ,001
* Significance levels according to Independent T-test results —
** Significance levels according to one-way ANOVA test results |
a,b,c: Shows the difference between groups (Duncan post-hoc test)
Discussion calculations, areas of the lung with bilateral,

In the diagnosis of COVID-19, testing is done on
respiratory samples using reverse transcription
polymerase chain reaction (RT-PCR) (17,18).
Conditions such as sample collection, transport, and
diagnostic kit performance vary the sensitivity of RT-
PCR from 60% to 71% (19). In a study conducted on
1014 patients in Wuhan, China, the sensitivity of
chest CT in the detection of COVID-19 pneumonia
was 97%, the specificity was 25%, and the accuracy
was 68% (20). CT scan showed superior sensitivity to
RT-PCR in patients at the early stage of COVID-19
infection. Moreover, it was found that the RT-PCR
test confirmed the false negative cases it gave (21,22).

Since our study is retrospective, the patients with a
positive RT-PCR test and a corresponding CT image
were obtained. This means that the detection of
COVID-19 pneumonia has very high accuracy in
terms of ground glass appearance in both RT-PCR
tests and CT imaging of our study.

It has been observed that studies examining the
volume, density, and mass changes caused by
COVID-19 in the lung are limited (23). However,
there are many segmental studies.

Many segmental studies have observed sub-segmental
patchy consolidations of the lung in those infected
with COVID-19 compared to controls. In addition,
bilateral, multifocal, peripheral, and nonspecific
distributions of ground glass opacity (GGO) of the
lung have been shown to have a high frequency (24).
Our research was conducted on the volumetric
detection of COVID-19-infected shadows in the total
lung, not the segmental lung. In volumetric

multifocal, peripheral, and nonspecific distributions
of ground glass opacity (GGO) were calculated.

Understanding the extent to which epidemics affect
both sexes differently is an important step in assessing
the primary and secondary effects on individuals and
communities in a health emergency (25).

Females are known to have a stronger immune
response to viral infections than males (26). In
parallel, in a study of 44,672 confirmed cases from the
onset of COVID-19 in China to February 11, 2020,
51.4% of patients were male (27). Our study, which
was conducted on 407 patients, supported this study
with the results of 46.19% female and 53.81% male
patients.

In terms of the rate of spread, a study was conducted
in cases with positive diagnoses from the onset of
COVID-19 wuntil April 28, 2020, using China's
national COVID-19 surveillance database. In the
study, a total of 82858 positive COVID-19 cases, of
which 41580 were female and 41278 were male, were
examined. The overall rate of spread was found to be
higher in women than in men. However, female cases
aged 10-39 years were found to be significantly lower
than male cases. The rate of spread in female cases
was found to be significant between the ages of 50-69
(28).

In the United States, the Maine Centers for Disease
Control and Prevention (CDC) enrolled 614 contacts
with symptom monitoring between May 14, 2020, and
June 26, 2020. Of these individuals, it was observed
that 190 people developed COVID-19 infection. It
was reported that 52.1% of the patients were female
and 47.9% were male (29). On the contrary, in our
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Fig. 1. Total Lung Volume Measurement With Dotted
Measurement Ruler On The Lung CT Image

Fig. 2. Volume Measurement of Infected COVID-19 Lung
With Dotted Measurement Ruler On The Lung CT Image

study, it was determined that 46.19% were female
patients and 53.81% were male patients.

A study was conducted with data obtained using the
System (TESSy) database developed at the European
Center for Disease Prevention and Control (ECDC).
When all of the positively diagnosed cases in the
study were examined, it was found that the
population aged 35-65 represented 50 percent of all
cases. The age group of 75+ accounts for 20 percent
of all cases. Men have been found to have a higher
incidence of positive cases than women aged 55 to 80
(30).

The effect of Gender on COVID-19 infection and
deaths in Germany was examined.

Considering the sex ratios of infection, it has been
determined that the risk of infection is higher among
women between the ages of 10 and 49. Men, on the
other hand, have been found to be at higher risk of
infection, usually from the age of 50 (except 70-79
years old) (31).

Data on COVID-19 cases by gender and age from ten
European countries were analyzed. It has been
observed that the number of women diagnosed with
COVID-19 is higher than men. The highest rate of

Gardar

Ciowld Voluma | Total Volurme (%)

w0

Decade
Fig. 3. Infected COVID-19 Lung Volume/Total Lung
Volume By Decades

cases in women diagnosed with COVID-19 was
observed at the age of 20-29 (3th decade), while the
highest rate in men was observed at the age of 70-79
(8th decade). The age at which both sexes were close
to each other in terms of ratio was found to be 60-69
(7th decade) (32). When these results were compared
with our study, the highest incidence was seen in 50-
59 (6th decade) women and 80-89 (9th decade) cases
in men. However, similarly, the age at which the two
sexes wete closest to each other in terms of ratio was
found to be 60-69 (7th decade).

We think that it would be beneficial to identify
resistant age groups with studies based on other cities
or countries, similar to out study. In addition, our
study or studies similar to ours should be supported
by microanatomical studies. Because it will be more
beneficial for resistant age groups to take the lead in
the fight against infection in future COVID-19 family
infections.
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