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based on their date of CT examination. The early (March 14-29), mid (March
30-April 13), and late (April 14-28) groups were compared regarding the presence
and extent of pulmonary involvement and CT characteristics of lesions. COVID-19
pneumonia was less extensive in participants under 45 years of age and patients
presenting late in the course of epidemic (i.e., the late group) compared those pre-
senting earlier. When each group was subcategorized on the basis of age, older
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1 | INTRODUCTION

In December 2019, a novel coronavirus named severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) was first identified in
Wuhan, China. The disease caused by SARS-CoV-2, called coronavirus
disease 2019 (COVID-19), has rapidly spread to many countries
around the world and was declared a pandemic on March 11, 2020 by
the World Health Organization.? In our country after the first offi-
cially reported case on March 11, the daily confirmed new cases
reached a peak number of 5138 on April 11, 2020, and gradually
declined until the end of May 2020.% In line with this, the number of
patients who were admitted to Ko¢ University Hospital’s radiology
department with symptoms of possible COVID-19 infection also
decreased. A parallel trend towards a decreasing extent of pulmonary
involvement as shown on chest computed tomography (CT) scans was
observed in patients with confirmed COVID-19 disease.

Determining the temporal changes in the severity of COVID-19
pneumonia has several clinical implications. From a diagnostic point
of view, limited lung involvement may theoretically result in normal
or nearly normal CT findings, thereby hindering diagnosis, or may
appear as less typical findings, complicating differentiation from
other diseases. From an epidemiologic point of view, demonstrating a
decrease in COVID-19 pneumonia may show the efficacy of public
health measures such as social distancing, mask use, and personal
hygiene, which may reduce the viral load in patients. The purpose of
this study was to confirm this anecdotal observation in a relatively
large group of patients and show whether the disease severity on
chest CT scans is stable or fluctuates with the temporal evolution of
the epidemic curve.
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2 | METHODS
2.1 | Data collection and patients

This single-center retrospective study was conducted at Kog
University Hospital. The study was approved by the Ethics Committee
of Kog¢ University (approval number: 2020.270.IRB1.093), which
waived the requirement for informed consent. All adult patients over
18 years of age who had received a chest CT scan for COVID-19
pneumonia between March 14 and April 28, 2020 and were confirmed
to have COVID-19 disease by reverse transcriptase-polymerase chain
reaction were selected from the radiology and hospital information
systems. Three patients who were asymptomatic and four whose CT
images included motion artifacts hindering evaluation of the CT scan
were excluded, yielding a study group of 179 patients.

Patients’ demographic characteristics, including age, gender, and
comorbidities (hypertension, Type 2 diabetes, cardiovascular diseases,
chronic obstructive pulmonary disease, malignancy, and obesity), as
well as the time interval between symptom onset and CT scan, were
recorded. To analyze the severity of lung involvement in relation to
the temporal development of the epidemic, patients were grouped by
the date of chest CT examinations into three equal periods of 15 days.
The early group included patients scanned in the first 15 days of the
epidemic (March 14-29), the mid group was scanned between March
30 and April 13, and the late group between April 14 and 28. To
homogenize the age distribution of the groups and remove any
potential confounding effect of age on disease severity, each of the
above groups was further divided into older (245 years of age) and
younger (<45 years of age) subgroups (Figure 1).*

186 patients with RT-PCR confirmed COVID-19 pneumonia and who had chest CT
from March 14, 2020 to April 28, 2020.

Seven patients excluded:

Three asymptomatic patients
Four patients due to image artifacts

179 patients included for analysis of CT findings
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FIGURE 1 Flowchart of the study
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TABLE 1 Demographic and clinical features in the whole cohort and the early, mid, and late groups

Feature All patients (n=179)
Female 89

Male 90

Age (year) 51.17+17.61
Comorbidity 69

Time from symptom onset to CT scan date (days) 4,22+3.11

Early group (n=65) Mid group (n=71) Late group (n=43) p

29 34 26 254
36 37 17 254
55.65+15.18 51.17 +18.09 44.42 +18.46 .003
23 32 14 .285
4.25+3.17 4.73+3.66 3.34+2.68 149

Note: The data are presented as count +SDs. Bold values denote statistical significance at the p < .05 level.

Abbreviation: CT, computed tomography.

2.2 | CT protocol

Chest CT examinations were performed using a 64-slice detector
scanner (Somatom Definition AS, Siemens Healthineers) with pa-
tients in the supine position. The entire chest starting from the
lung apices down to posterior costophrenic sulci was scanned with
0.625-mm collimation, 80-120 kVp, and 20-150 mAs. Images were
reconstructed with 1-mm section thickness. No intravenous contrast

medium was administered.

2.3 | CT image analysis

All CT images were independently reviewed by two experienced
radiologists with 13 years of experience each in chest imaging. Image
review was blinded to the date of study and clinical data. All dis-
crepancies were resolved by consensus.

A modified version of a previously described protocol was used
to score the extent of pulmonary involvement,> whereby four lung
lobes (the right middle and upper lobes were taken as one lobe) were
scored semiquantitatively from O to 4 according to the percentage of
lung involvement. Visually assessing the proportion of diseased areas
to the whole area of the lobe, a score of O corresponded to 0% (no
disease), 1 to 1%-25%, 2 to 26%-50%, 3 to 51%-75%, and 4 to
76%-100% of disease involvement. The total extent score was the
sum of individual lobe scores and ranged from O to 16.

In patients who had pulmonary lesions, the greatest diameter of the
largest lesions (up to three in number) were measured on lung window
settings, and the average of these measurements was recorded as the
mean lesion size. The total number of pulmonary lesions were categor-

ized as solitary (1 lesion), few (2-4 lesions), moderate (5-9 lesions), and

numerous (=10 lesions). The following characteristics of CT findings were
also noted: (a) unilateral or bilateral involvement; (b) focal or multifocal
involvement; (c) craniocaudal predominance of abnormalities in relation
to a horizontal line dividing the vertical height of lungs equally into an
upper and lower zone: upper lung predominant, lower lung predominant,
or no craniocaudal predilection7; (d) lesion characteristics: ground-glass
opacity (GGO), consolidation, vascular enlargement, crazy-paving pattern,
traction bronchiectasis, subpleural curvilinear opacity, architectural dis-
tortion, and lobar volume loss; and (e) extrapulmonary findings: pleural
effusion and lymph node enlargement (short-axis diameter 210 mm).
GGO was defined as a hazy area of increased opacity not obscuring
the underlying vessels. Consolidation was defined as a homogeneous
opacification obscuring the underlying vessels. A crazy-paving pattern
was defined as GGO with superimposed interlobular septal thickening
and/or intralobular lines. Subpleural curvilinear opacity referred to a thin
curvilinear-shaped opacity of 1-3 mm thick close to the pleural surface.
Architectural distortion manifested as a loss of smooth course of the
fissures, crowding of dilated bronchioles, or vessels with an angulated
course.® Vascular enlargement was defined as an increased caliber of
pulmonary vessels within the lesions, especially in areas of GGO, com-
pared to surrounding disease-free parenchyma. Focal was defined as a

single focus of abnormality and multifocal as more than one focus.” **

24 | Comparison among groups

The early, mid, and late groups, as well as their respective age sub-
groups, were compared regarding the score of the extent of pul-
monary involvement, mean lesion size, lesion number, and frequency
of CT features. The same comparisons were made between the older

and younger age groups.

TABLE 2 Extent of pulmonary involvement in the whole cohort and the early, mid, and late groups (all ages)

Parameter All patients (n=179)
Lung involvement score (0-16) 3.6+.35
Number of lesions 25+17
Mean diameter of greatest three lesions (cm) 3.1+32

Early group (n = 65)

Mid group (n=71) Late group (n=43) p

4.6+38 3.6+35 2224 .002
29+15 25+17 1.7+15 .001
3.9+36 31+32 1.8+24 .006

Note: Data are means + SDs. Bold values denote statistical significance at the p < .05 level.
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FIGURE 2 Scatter diagram showing the gradual decrease in the lung involvement score on patients' CT scans throughout the 45 days of

study. CT, computed tomography

2.5 | Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics for

Windows, version 24 (IBM Corp). Measurement data were expressed

as means = SDs, and categorical variables were reported as counts
and percentages.

Quantitative data were tested first with the Shapiro-Wilk test
for normality. The comparisons of paired quantitative data were
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FIGURE 3 Scatter diagram showing the decrease in the mean diameter of the largest lesions throughout the 45 days of study



2060 GUMUS T AL
WILEY-

MEDICAL VIROLOGY

TABLE 3 Extent of pulmonary involvement in the whole cohort and the early, mid, and late groups (patients 245 years old)

Parameter All patients (n = 118) Early group (n =52) Mid group (n=47) Late group (n=19) p

Lung involvement score (0-16) 4.7+3.5 54+37 4.72+3.4 28+24 026
Number of lesions 30+15 33+13 30+15 1.6+15 .013
Mean diameter of greatest three lesions (cm) 41+33 47+35 41+32 25+25 .047

Note: Data are means + SDs. Bold values denote statistical significance at the p < .05 level.

evaluated using the Mann-Whitney U test for two groups and the
Kruskal-Wallis test for multiple groups. A p value of less than .05
was considered statistically significant.

3 | RESULTS

3.1 | Demographic features

Table 1 shows the demographic features and the average time in-
terval between symptom onset and CT scan for the entire patient
groups as well as for the early, mid, and late groups. The mean pa-
tient age of the whole study group was 51.17 +17.61 years. The
study group was divided almost equally by gender. Of the whole
cohort, 38% had at least one comorbidity: 35.4% in the early group,
45.0% in the mid group, and 32.6% in the late group. There was no
significant difference between the early, mid, and late groups re-
garding gender, frequency of comorbid disease, and time span be-
tween symptom onset and CT scan. The mean age of the early group
was higher than the other groups. Pairwise comparison showed that

the early group was significantly older than the late group (p =.002).
However, there were no significant differences in age between the
early and mid groups or between the mid and late groups. When the
younger and older subgroups of the early, mid, and late groups were
compared in terms of the factors that can influence the severity of
COVID-19 pneumonia, there was no significant difference regarding
gender, age, frequency of comorbid disease, or the time span
between symptom onset and CT date.

3.2 | CT findings

Table 2 shows the extent of lung involvement in terms of the overall
score, lesion number, and lesion size in the early, mid, and late groups
(for all ages). Patients presenting later in the course of the epidemic
had less lung involvement than patients presenting earlier. Mean
lung involvement score was 4.6 in the early, 3.6 in the mid, and 2.2 in
the late groups (p =.002; Figure 2). Lung lesions were more numer-
ous in the early group compared to the late group (p=.001). The
mean diameter of the largest lesion was 3.9 cm in the early group,

FIGURE 4 Representative axial (A-C) and coronal (D-F) images of three patients from the old subgroup show a decreasing extent of lung
involvement in the later weeks of the study period. Figures (A, D) belong to a patient in the early group with a lung involvement score of 14,
(B, E) to a patient in the mid group with a score of 9, and (C, F) to a patient from the late group with a score of 2
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Early Mid Late TABLE 4 Frequency of CT features in
All patients - B — the whole cohort and early, mid, and late
Feature (n=179) (n=65)  (=71)  (n=43)  p groups (all ages)
Ground-glass opacity 130 (72.6%) 52 (80.0%) 49 (69.0%) 29 (67.4%) 245
Crazy-paving pattern 72 (40.2%) 31 (47.7%) 29 (40.8%) 12 (27.9%) .122
Consolidation 69 (38.5%) 29 (44.6%) 26 (36.6%) 14 (32.6%) 414
Vessel enlargement 112 (62.6%) 47 (72.3%) 45 (63.4%) 20 (46.5%) .025
Bronchial dilatation 64 (35.6%) 30 (46.2%) 25 (35.2%) 9 (20.9%) .028
Subpleural curvilinear 48 (26.8%) 24 (36.9%) 17 (23.9%) 7 (16.3%) .048
opacity
Architectural distortion 56 (31.3%) 23 (35.4%) 24 (33.8%) 9 (20.9%) 164
Intrathoracic 21 (11.7%) 11 (16.9%) 6 (8.5%) 4 (9.3%) 264
lymphadenopathy
Pleural effusion 12 (6.7%) 3 (4.6%) 7 (9.9%) 2 (4.7%) .394
Bilateral involvement 112 (62.6%) 47 (72.3%) 45 (63.4%) 20 (46.5%) .025
Focal involvement 19 (10.6%) 7 (10.8%) 5 (7.0%) 7 (16.3%) .094
Multifocal involvement 118 (65.9%) 47 (72.3%) 45 (63.4%) 23 (535%) .178
Lower lung predominance 75 (41.9%) 33 (50.8%) 25 (35.2%) 17 (39.5%) 136
No craniocaudal 51 (28.5%) 19 (29.2%) 23 (32.4%) 9 (20.9%) 418

distribution

Note: The counting data were presented as count (percentage of total). Bold values denote statistical

significance at the p < .05 level.
Abbreviation: CT, computed tomography.

3.1cm in the mid group, and 1.8cm in the late group (p=.006;
Figure 3). A pairwise comparison test showed that lung involvement
score, lesion number, and lesion size were all significantly higher in
the early group compared to the late group (p<.016). However,
these were not significantly different between the early and mid
groups or between the mid and late groups.

Similarly, older patients (245 years of age) who presented late had
lesser lung involvement score, a lower number of lesions, and smaller
lesions than patients from this age group who presented early in the
course of the epidemic (Table 3). A pairwise comparison test showed that
lung involvement score, lesion number, and lesion size were all sig-
nificantly higher in the late group compared to the early group (p < .016;
Figure 4). However, lung involvement score, lesion number, and lesion
size were not statistically different between the early, mid, and late
groups for younger patients (<45 years of age).

Of the whole study group, 45 patients (25.1%) had no CT find-
ings suggesting pneumonia. Although 16.9% of patients (11/65) in
the early group were CT negative compared to 29.6% of patients
(21/71) in the mid and 30.2% (13/43) in the late groups, the differ-
ences were not statistically significant.

Table 4 shows the frequency and distribution of CT findings in
the whole cohort. Bilateral disease was found in 62.6% of patients,
and this was significantly less frequent in the late group compared
to the other two groups. Multifocal lesions and lower zone pre-
in 65.9% and 41.9%

dominance were found of patients,

respectively; these were not significantly different between the
three groups.

The most frequent CT findings were GGO (72.6% of patients),
vessel enlargement within the lesion (62.6%), crazy-paving pattern
(40.2%), consolidation (38.5%), and bronchial dilatation (35.6%).
Among these, vessel enlargement and bronchial dilatation were
significantly more common in the early group than in the late group.
Pleural effusion and lymph node enlargement were present in 6.7%
and 11.7% of patients, respectively. The frequency of pleural effusion
and lymph node enlargement did not differ significantly between the
three groups (Table 5). The frequency of various lesion character-
istics, bilateral disease, and multifocal involvement was not sig-
nificantly different between the early, mid, and late groups or
between the two age groups (Figure 5).

Table 5 shows the age-related differences in the CT findings.
Lung involvement was significantly more extensive in the older
group, which had a higher mean involvement score (4.7 vs. 1.57),
lesion size (4.07 vs. 1.22 cm), and lesion number (3.02 vs. 1.36) than
the younger group.

A significantly higher proportion of the younger group (44.3%)
had no CT findings related to pneumonia compared to 15.2% of the
older group. Also, unilateral and focal involvement was more
common in the younger group. GGO, consolidation, vascular en-
largement, bronchiectasis, crazy paving, subpleural curvilinear
architectural distortion, effusion were

opacity, and pleural
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TABLE 5 Frequency of CT features in the young (<45 years of
age) and old (245 years of age) groups with pneumonia

old
Young group

Feature group (n=61) (n=118) p
Ground-glass opacity 33 (54.1%) 97 (82.2%) <.001
Crazy-paving pattern 10 (16.4%) 62 (52.5%) <.001
Consolidation 12 (19.7%) 57 (48.3%) <.001
Vessel enlargement 24 (39.3%) 88 (74.6%) <.001
Bronchiectasis 10 (16.4%) 54 (45.8%) <.001
Subpleural curvilinear 8 (13.1%) 40 (33.9%) <.001

opacity
Architectural distortion 5 (8.2%) 51 (43.2%) <.001
Intrathoracic 1 (1.6%) 17 (14.4%) .150

lymphadenopathy
Pleural effusion 0 (0%) 12 (10.2%) .012
Bilateral involvement 22 (36.1%) 89 (75.4%) <.001
Focal involvement 11 (18.0%) 8 (6.8%) .015
Multifocal involvement 22 (36.1%) 96 (81.4%) <.001
Lower lung predominance 19 (31.1%) 56 (47.5%) 271
No craniocaudal 11 (18.0%) 40 (33.9%) 406

distribution

Note: The counting data were presented as count (percentage of total).
Bold values denote statistical significance at the p < .05 level.

Abbreviation: CT, computed tomography.

significantly more common in the older group. There were no sta-

tistically significant differences in terms of intrathoracic
lymphadenopathy or upper/lower lung predominance of lesions

between the two age groups.

4 | DISCUSSION

The most important outcomes of this study were that the disease
affected the lungs of older patients to a greater extent, and the se-
verity of pneumonia varied in relation to the local outset of the
epidemic. Specifically, patients presenting relatively late during the first
wave of the epidemic were significantly less likely to have pneumonia
as reflected by objective measurements of the extent of lung
involvement, the number of lesions, and lesion size.

The SARS-CoV-2 virus causes a wide spectrum of disease pre-
sentations ranging from asymptomatic or mild cases to severe pneu-
monia that requires hospitalization and even intensive care.'”> The
disease has been associated with high mortality and case-fatality
rates.'>** The degree of pulmonary involvement has been shown to be
correlated with prognosis and mortality.>'¢ It has been previously de-
monstrated that patients 45 years of age or older had more extensive
pulmonary involvement than younger patients.*” This study confirmed
that patients 45 years of age or older had a more severe disease as
characterized by a higher semiquantitative score, larger lesion size, and
higher abundance of lesions on a CT scan. In addition, several CT features

—including vascular enlargement, bronchiectasis, crazy-paving pattern,

Predominant patterns of abnormality of CT images-
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subpleural curvilinear opacity, and architectural distortion—were more
common in older patients, which may also be correlated with a more
severe disease course.

The underlying reason for the variation in the severity of
COVID-19 pneumonia on chest CT scans in relation to the temporal
evolution of the epidemic is unclear. The disease is known to affect
the elderly more severely than younger patients. Theoretically, the
curfew on the older population (above 65 years of age) that was put
into effect shortly after the disease appeared in Turkey could have
resulted in less severe cases in the later weeks. However, in the
subgroup analysis, which allowed for removal of the effects of age,
decreased disease severity was still found in the older subgroup of
the late group compared to the older subgroup of early group.

Although there is no evidence-based explanation as to why the se-
verity of pneumonia changed with time, a few speculations can be made.
One possible cause may be reduced virulence of the offending agent,
SARS-CoV-2. It is well known that the genetic material of viruses can
undergo mutations, making them more or less virulent.'®*” However,
although this may be a matter of further research in viral genetics, it is
quite unusual for a virus to undergo mutation in a very short time (i.e.,
within weeks to months).

Another explanation may be linked to the effect of community-
based preventive measures like social distancing, mask use, and
personal hygiene, which have been promoted progressively in Turkey
since the outset of infection. Indeed, it was recently demonstrated
that transmission of viruses, including SARS-CoV-2, is decreased by
health measures such as physical distancing and the use of facial

masks.??

It has also been suggested that patients with severe
pneumonia tend to have a higher viral load of SARS-CoV-2, which
may be associated with disease severity and prognosis.?! It is quite
possible that the aforementioned measures have resulted in a de-
creased rate of disease transmission as well as diminished clinical
severity by decreasing the viral load.

Although a significantly different disease severity was ob-
served in the early, mid, and late groups in older patients, this
was not demonstrated in younger patients. This may have re-
sulted from a lower number of patients and the limited extent of
disease in the younger group owing to their stronger resistance
to infection and well-controlled immune response.?? Patients in
the early, mid, and late groups had similar frequencies of CT
findings with the exception of vascular enlargement, bronchial
dilatation, subpleural curvilinear opacity, and unilateral dis-
tribution, which were more common in the early group than in
the late group. These features lost their significance when pa-
tient age was taken into account. Therefore, although the se-
verity of COVID-19 pneumonia decreased in the later periods of
the epidemic with less extensive involvement and smaller and
fewer lesions, all of the reported CT features (including signs of
vascular enlargement) were retained, which can allow for dif-
ferentiation from other causes of pneumonia.?®

The limitations of our study include its retrospective design and
a relatively small number of cases. Studies on a larger number of
patients over a longer course of the epidemic may offer further
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insight on the relationship between the severity of pneumonia and
when patients present relative to the age of the epidemic.

In conclusion, this study was the first to demonstrate that the
radiological severity of COVID-19 pneumonia depends on when
patients present relative to the curve of the epidemic. Older patients
presenting later tended to have milder pneumonia than those pre-

sented earlier in the epidemic.
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