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Background: Diagnosing a coronavirus disease 2019 (COVID-19) infection with high specificity in
chest computed tomography (CT) imaging is considered possible due to distinctive imaging features of
COVID-19 pneumonia. Since other viral non-COVID pneumonia show mostly a different distribution
pattern, it is reasonable to assume that the patterns observed caused by the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) are a consequence of its genetically encoded molecular properties
when interacting with the respiratory tissue. As more mutations of the initial SARS-CoV-2 wild-type with
varying aggressiveness have been detected in the course of 2021, it became obvious that its genome is in
a state of transformation and therefore a potential modification of the specific morphological appearance
in CT may occur. The aim of this study was to quantitatively analyze the morphological differences of the
SARS-CoV-2-B.1.1.7 mutation and wildtype variant in CT scans of the thorax.

Methods: We analyzed a dataset of 140 patients, which was divided into pneumonias caused by n=40 wildtype
variants, n=40 B.1.1.7 variants, n=20 bacterial pneumonias, n=20 viral (non-COVID) pneumonias, and a test
group of n=20 unremarkable CT examinations of the thorax. Semiautomated 3D segmentation of the lung
tissue was performed for quantification of lung pathologies. The extent, ratio, and specific distribution of
inflammatory affected lung tissue in each group were compared in a multivariate group analysis.

Results: Lung segmentation revealed significant difference between the extent of ground glass opacities
(GGO) or consolidation comparing SARS-CoV-2 wild-type and B.1.1.7 variant. Wildtype and B.1.1.7
variant showed both a symmetric distribution pattern of stage-dependent GGO and consolidation within
matched COVID-19 stages. Viral non-COVID pneumonias had significantly fewer consolidations than the
bacterial, but also than the COVID-19 B.1.1.7 variant groups.

Conclusions: CT based segmentation showed no significant difference between the morphological
appearance of the COVID-19 wild-type variant and the SARS-CoV-2 B.1.1.7 mutation. However, our
approach allowed a semiautomatic quantification of bacterial and viral lung pathologies. Quantitative CT
image analyses, such as the one presented, appear to be an important component of pandemic preparedness
considering an organism with ongoing genetic change, to describe a potential arising change in CT

morphological appearance of possible new upcoming COVID-19 variants of concern.
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Introduction

Since coronavirus disease 2019 (COVID-19) has been
identified as an outbreak of severe acute respiratory syndrome
in Wuhan, Hubei Province, China in the beginning of
December 2019 caused by the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), real-time reverse-
transcription polymerase chain reaction (RT-PCR) as well
as unenhanced chest computed tomography (CT) offers
the potential for a fast and sensitive diagnostic approach
(1-3). Besides the assessment of the severity of lung
involvement, chest CT-imaging is considered crucial due
to distinct imaging features of COVID-19 pneumonia (2).
In particular, typical CT findings include bilateral
pulmonary ground glass opacities (GGO), crazy-paving, and
consolidating lung opacities, in peripheral lung distribution
mostly with rounded morphology, depending on the
individual stage (2,4).

In contrast, bacterial pneumonias show also a
characteristic pattern in the CT image with a high
proportion of consolidations, which tend to have a one-
sided or lobar distribution pattern (5,6).

Whereas bacterial pneumonia mostly displays an
asymmetric, often unilobular pattern, this is not the case
in viral, and explicitly not in COVID-19 pneumonia (7-9).
Other pulmonary infections caused by non-COVID-19
virus or other species, e.g., pneumocystis pneumonia, also
show distinct distribution pattern and can be catalogued
by predominantly centrally appearing GGO which in
many cases differs from the specific distribution pattern of
COVID-19 pneumonia (10-12).

The biological causes for the specific and unique
distribution pattern of a COVID-19 pneumonia are
unknown. However, since the CT morphologic appearance
of pneumonia caused by SARS-CoV-2 is different from
other viral non-COVID pneumonia, the underlying factor
must be related to the molecular structure and consequently
the distinct genome of the SARS-CoV-2 virus (13-17).
The current knowledge of viral mutation rates suggests
that viral genetic diversity is determined by several virus-
and host-dependent processes; viral genetic features
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become established as a consequence of a high number of
spontaneous mutations in response to a specific selection
pressure (18,19). Several authors state that the SARS-CoV-2
virus has a high number of mutations, due to its rapid
worldwide spread, resulting in a high frequency of different
virus variants arising (20-22).

This genetic change became apparent by an abrupt
increase in reported COVID-19 cases in the United
Kingdom in late summer to early autumn 2020, attributed
to the emergence of a new SARS-CoV-2 variant 501Y.
V1 (B.1.1.7) (23,24). In contrast to the initial in the year
2019 emerging wild-type variant of SARS-CoV-2, this
subtype had a mutation (N501Y) in the receptor-binding
domain of the spike protein that contributed to an increased
transmission (24,25).

Despite the genetic variation and higher infection rate,
there is no evidence that the distinct COVID-19 CT-
morphological appearance of the B.1.1.7-variant differs
from the initial SARS-CoV-2 wild-type. On the other hand,
we are not aware of any study comparing quantitative image
parameters and CT morphological appearance of gender,
age and duration of disease onset to CT imaging matched
COVID-19 pneumonia caused by these different virus
variants.

For this reason, the present study aims to quantitatively
compare the CT morphological findings between wild-type
COVID-19 and B.1.1.7. variants to determine potential
differences in the specific distribution pattern or extent
of lung involvement at the same time point after initial
symptom onset. Furthermore a comparison of the groups
with (I) bacterial pneumonia and (II) viral non-COVID-19
pneumonia was performed to demonstrate the feasibility of
the method and to elaborate on the existing differences in
lung involvement between the groups.

Methods
Ethical statement

The methodology used in this study involving human
participants was conducted according to the guidelines
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pneumonia; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; CT, computed tomography.

of the Declaration of Helsinki (as revised in 2013), and
approved by the Ethics Committee of Cologne University
(No. 20-1676). The requirement for informed consent
was waived, due to the study was a retrospective study
without any contact with patients. All the imaging data were
anonymized. The study process did not reveal the patients’
private information, increase the patients’ pain, or cause
any damage. All imaging was performed due to a clinical
indication.

Patient population

Screening the database at the University Hospital Cologne
from March 2018 to September 2021, confirmed cases of
COVID-19 and other pulmonary infectious diseases were
selected. Baseline characteristics (sex, age, days since clinical
onset of pneumonia) were collected from patient charts
and medical reports, and assigned to the respective CT
image that was generated according to the care protocols
on admission to the emergency department or during
hospitalization. Following this, all additional data that
could lead to an identification were completely anonymized
for the purpose of evaluating the image data as described
below. The total number of included patients was chosen
considering the retrospectively evaluable number of CT
datasets of pneumonia caused by COVID-19 B.1.1.7.
mutation (n=46) and a matched number of COVID-19
wild-type, non-COVID-19 pneumonias (bacterial and
viral half each), as well as a half number unremarkable

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

CT examinations. The estimated number of included CT

examinations in the groups (see Figure 1) was found to

have a sufficient level of confidence (P,,,=0.9) in a power
analysis using the R package PWR for analysis of variance

(ANOVA), even assuming a low to moderate effect size

(£=0.2) at significant levels P=0.05.

Inclusion criteria were

% Admission due to symptoms consistent with

pulmonary infection, and

% CT on admission.

For classification to the subgroups we required either

% A positive RT-PCR SARS-CoV-2 test before virus

variants spread pandemically (until May 2020), or

% A positive RT-PCR SARS-CoV-2 test for B.1.1.7

mutation, or

% Before January 2020 typical symptoms, exclusion
of bacterial infections, or positive test for viral
non-COVID-19 pneumonia, with corresponding
infiltrates on CT scan. After January 2020 a
positive test for viral non-COVID-19 pneumonia
and negative test for COVID-19, as well as typical
findings on CT.

% A microbiologically proven bacterial infection/
characteristic response to antibiotic therapy and
infiltrates on CT scan.

For a nonbiased comparison between B.1.1.7 mutation
and wild-type, we matched for sex, age, and time between
symptom onset and CT imaging. Hence, for each included
patient with the COVID-19 B.1.1.7 variant, the time
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interval between symptom onset and CT scan was obtained
and a sex- and age-matched patient from the wild-type
group was matched, resulting in a balanced data set [within
one standard deviation (SD) with respect to the interval
scaled data]. For comparison, a test cohort of patients with
unremarkable CT scans was included.

Exclusion criteria of COVID-19 B.1.1.7. group or
potential matching patients of the other included groups
were:

% Other acute pathology at the time of admission
responsible for the respiratory symptoms and
fulminant clinical course, such as pulmonary artery
embolism (n=2), or acute coronary syndrome (n=1).

% Before (up to 6 days) performed contrast agent CT

examination (n=3).

% Children and adolescents under 18 years.

% The CT scans of the excluded patients were not
included in the image analysis and are not part of the
analysis.

Imaging protocol

CT imaging was obtained at full inspiration in supine
position using the institutional standard protocol. CT scans
included 82% low-dose and 18% full-dose CTs with an
average tube current of 83.6 mAs (+48.9), reference mAs
for the low-dose examinations from 15-50 up to 140 mAs
for the full-dose examinations. The tube voltage was set
at 120 kV and a dose length product of 335.2 mGy*cm
(£240.5), CDTlvol 3.7 mGy, 0.33 s rotation time and
0.76 pitch. Examinations were obtained on two CT-scanners
(iCT 256, IQon Spectral CT, both Philips Healthcare,
Amsterdam, The Netherland). Images were reconstructed
in a 512x512 matrix containing pixels of 0.68x0.68 mm on
hard lung kernel. Slice thickness was 2 mm with an overlap
of I mm.

Automated segmentation of the lungs and lung pathologies

A group blinded volumetric analysis and visualization in
3D Slicer (http://www.slicer.org) on hard kernel chest
CT image reconstructions using the open-source Lung
CT Analyzer project tool (https://github.com/rbumm/
SlicerLungCTAnalyzer/) was performed (26). The
volumetric analysis proved robust for lung segmentation
under the presence of severe pneumonia (see Figure 2A-2E)
(26,27). The total 3D volume of each lung side was assessed
(see Figure 2D) (26).
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The segmentation of the pathologies was performed
by application of threshold ranges to voxel-wise identify
five volume classes: (I) bulla/emphysema, (II) inflated lung
tissue, (III) GGO, (IV) consolidation, and (V) lung vessel.
Segments are generated using 3D Slicer’s segment editor
“Threshold” and “Grow from Seeds” function. The volume of
each segment is calculated by using 3D Slicer’s “Segment
statistics” function. The results are then superimposed to
the CT 2D viewer and manually controlled for technical
outliners in each segmentation (see Figure 2C).

To determine the percentage of pathologically altered
lung portion (plp), the absolute extent of pathological
altered (I) GGO, or (II) consolidation, or the (III) sum of
both (abs,,;), was set in relation to the total lung volume {see
Eq. [1]}, as already been done in other publications (28,29).

To obtain pathogen-specific distributions, on the one
hand we obtained the lateralization index (/i), which is
calculated from the percentage ratio of the affected lung
tissue between the two lungs {Eq. [2]}. Since the deviation
from ‘1’ is a measure of lateralization, the Euclidean vector
to ‘1’ is represented {see Eq. [2]}. On the other hand, the
percentage ratio of GGO and consolidation was calculated
to obtain the “pathological lung tissue quotient” (pg) in this
way {Eq. [3]} (28).

abs(path.ufc) (ml)

x100 = plp (% (1]
total lung volume(ml) Pp (%)
|PLP,,,, — PLR,,|=li 2]
PLP
cons 3
orp Pl (3]

8go

The processing steps of automatic segmentation of the
lungs and underlying pathologies were performed on a local
computer equipped with Ryzen 5900X (AMD, Sunnyvale,
CA, USA) Geforce 3090 (Nvidia, Santa Clara, CA, USA)
and 64GB random-access memory (RAM).

Due to the few manual correction steps in our full lung
segmentation approach, the segmentation was performed in
a subset of 20 patients containing all included pathologies
twice with one reader (JK) and once with another reader (PF)
to demonstrate the intra-/inter-reader and retest reliability
and consistency of the method (both readers have more
than 4 years of experience in chest imaging).

Additional a visual-based analysis of the CO-RADS
classification for each group assessing image appearance
was performed. Regarding the categories I (no evidence of
infection), II (typical of other infection but not COVID-19),
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Figure 2 Process of anatomic and pathologic segmentation. (A) Example of a CT scan in pneumonia with COVID-19 B.1.1.7 viral

mutation. (B) Anatomic segmentation of both lungs. (C) Pathologic segmentation of GGO (orange) and consolidations (pink). (D) 3D

volume of anatomic segmentation. (E) 3D volume of pathologic segmentation. CT, computed tomography; COVID-19, coronavirus disease

2019; GGO, ground glass opacities.

III (appearances are compatible with COVID-19 but also
with other diseases), IV (suspicious of COVID-19), V
(typical of COVID-19), two radiological readers (PF and
JK) had to score all the CT-images in the groups (30).

Statistics

Statistical data analysis was performed using R version 3.6.2
on Rstudio version 1.2.5033.24. Figures were plotted using
the ggplot2 package 25 (31). Continuous variables were

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

reported as mean and SD (32).

Due to the non-normally distributed data structure
(Shapiro-Wilk test) of the volumes of pathologically affected
lung tissue, a Kruskal-Wallis one-way analysis of variance
(KS) for comparison of the individual groups defined by the
pathogen was used (33,34). To locate differences between
groups, we performed a pairwise Wilcoxon test adjusting
for P value using the Bonferroni post-hoc test (35).

Intra- and inter-reader/retest reliability of the computed
volume was tested using the intraclass correlation
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Table 1 Patients characteristics

Infective agent Sex Age (years) Symptom onset to CT (days) N
Male Female

COVID-19"'¢pe 23 17 46.9+20.7 [23-96] 3.6+2.3 [0-§] 40
COVID-19%""7 23 17 48.9+20.8 [20-95] 3.8+2.7 [0-8] 40
Viral non-COVID-19 12 8 64.2+19.6 [25-89] 3.9+2.9 [0-12] 20
Bacterial 11 9 69.5+17.7 [26-91] 6.7+5.7 [0-26] 20
Normal control group 11 9 44.3+16.8 [18-78] 2.5+1.9 [0-6] 20
Total 74 66 58.5+20.7 [18-96] 4.0+3.3 [0-26] 140

The interval scaled data are presented as mean + standard deviation, [range]. CT, computed tomography; COVID-19""*"", initial variant
of the coronavirus disease; COVID-19%""7, B1.1.7 mutation of the coronavirus disease; non-COVID-19 viral, viral caused non-COVID-19

pneumonia.

Table 2 Number of percent lung tissue affected per group

Infective agent GGO

Consolidation Total affected lung tissue

COVID-19"vpe 21.34%+13.72%

COVID-19%""7 22.25%+11.85%
Viral non-COVID-19 19.83%+14.18%
Bacterial 15.54%+9.91%

Normal control group 2.10%+2.46%

9.16%+8.69% 30.06%+21.01%

11.35%+9.73% 33.65%+20.66%
5.21%+6.61% 25.04%+21.44%
7.67%+2.61% 23.21%+13.05%

0.39%+0.42% 2.49%+2.63%

Data are presented as mean + standard deviation. GGO, ground glass opacities; COVID-19""“""_initial variant of the coronavirus disease;
COVID-19%""7 B1.1.7 mutation of the coronavirus disease; nhon-COVID-19 viral, viral caused non-COVID-19 pneumonia.

coefficient in two-way random-effects model (36). Statistical
significance was defined as P<0.05.

Results

After application of the inclusion, exclusion, and
matching criteria, 140 patients were finally enrolled in
the investigation, divided into pneumonia caused by
COVID-19 wild-type (n=40), COVID-19 B.1.1.7 variant
(n=40), bacterial pneumonia (n=20), viral non-COVID-19
pneumonia (n=20) as well as a test group (n=20) including
unremarkable CT-examinations of the chest (see Figure I).
"The mean age of patients in the data set was 58.5+20.7 years
with 76 male and 66 female patients. The patient collectives
of viral non-COVID-19 and bacterial infections turned out
to be significantly older (P<0.05; 7-test). No differences in
gender distribution were found (chi’-test). In particular, the
subgroups of the individual COVID-19 variants did not show
any differences in patient demographics. Detailed patient
characteristics within the groups are shown in Zable 1.
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In the normal control group, the average extent of GGO,
consolidation, and total affected lung was 2.10% (£2.46%),
0.39% (x0.42%), and 2.49% (£2.63%), respectively. Small
amounts of pathologically registered lung volume, due to
pulsation artifacts, pleural irregularities, and respiratory
artifacts. The COVID-19 wild type group had an average
extent of GGO, consolidation, and total affected lung of
21.34% (£13.72%), 9.16% (+8.69%), and 30.06% (+21.01%),
and the B.1.1.7 subgroup of 22.25% (+11.85%), 11.35%
(#9.73%) and 33.65% (x20.66%). In the group containing
bacterial pneumonia the average extent of GGO, consolidation,
and total affected lung was 15.54% (29.91%), 7.67%
(£2.61%), and 23.21% (£13.05%). In the group including
viral non-COVID-19 pneumonia the average extent of GGO,
consolidation, and total affected lung was 19.83% (£14.18%),
5.21% (26.61%) and 25.04 (x21.44%), see Tables 2,3
and Figure 3. Within a randomly selected subset of 20 cases,
semiautomatic segmentation of lung pathologies showed
excellent (>0.75) inter-reader reliability with an intraclass
correlation coefficient of 0.78 (37). Also, a good interreader
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KS-test

Comparison group

COVID-19%"""  Bacterial

Normal control  Viral non-COVID-19

GGO

c? =45.02

df =4

P<0.001
Consolidation

c? =55.94

df =4

P<0.001
Affected lung tissue

c® =41.93

df =4

P<0.001
Pathological lung tissue quotient

c® =46.28

df =4

P<0.001
Lateralization index

c® =57.20

df =4

P<0.001

Bacterial

Normal

Viral non-COVID-19
COVID-19"'¢vpe
Bacterial

Normal

Viral non-COVID-19
COVID-19"'¢vpe
Bacterial

Normal

Viral non-COVID-19
COVID-19"'¢vpe
Bacterial

Normal

Viral non-COVID-19
COVID-19"'¢vpe
Bacterial

Normal

Viral non-COVID-19
COVID-19""@ e

<0.001 <0.001 - -
- - <0.001 -
- - <0.001 -
<0.001 <0.001 - -
<0.05 <0.05 <0.001 -
- - <0.001 -
<0.001 <0.001 - -
- - <0.001 -
- - <0.001 -
<0.001 <0.001 - -
<0.001 <0.001 - -
- - <0.001 <0.001
<0.05 - - -
- <0.05 - -
- <0.05 - -
- <0.05 - -

KS-test, Kruskal-Wallis one-way analysis of variance; COVID-19%""" B1.1.7 mutation of the coronavirus disease; non-COVID-19 viral, viral

caused non-COVID-19 pneumonia; GGO, ground glass opacities; COVID-19""*"*° initial variant of the coronavirus disease.

agreement of 0.76 was calculated for the determination of the
above-mentioned COV-RADS score. There was no difference
in the two COVID-19 groups (wild-type modal value: category
IV, 37.5%; B.1.1.7. variant also category IV, 40%), modal
value of the two non-COVID pneumonia groups category 11
for bacterial pathogens (60%), and category 1I for viral non-
COVID-19 pathogens (55%). The normal control group CT
examinations were assigned 100% to category I (30).

Regarding the time interval between anamnestically
reported symptom onset and CT imaging, there was no
significant difference between the groups with COVID-19
wild-type and B.1.1.7 variant, as expected based on the
matching procedure. Further, there was no significant
difference in time after symptom onset between the non-
COVID-19 pneumonia groups.

Using the Kruskal-Wallis test for group comparisons,
demonstrated differences between the groups in terms of (I)

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

GGO, (II) consolidations as well as (III) total affected lung
tissue. In the subsequent post-hoc tests with Bonferroni
correction, the differences were determined as follows:
regarding the percentage of GGO as well as the sum of
affected lung tissue, the normal control group differs
significantly from all pathogen groups (see Figure 2).
No further group difference with respect to GGO was
detected. Regarding the percentage of consolidation, the
normal control group also differed significantly from all
pathogenic groups. In addition, the group of pneumonia
caused by non-COVID-19 viruses had a significantly lower
percentage of consolidation than the bacterial pneumonia
and the COVID-19 B.1.1.7 subgroup (P<0.05; see Table 3
and Figure 3). A similar result is obtained by considering the
extent of the relationship between GGO and consolidations
in the form of the above-mentioned “pathological lung
tissue quotient”. Here we found that the group of bacterial
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as well as both COVID-19 subgroups stand out with
proportionally more consolidation per GGO (P<0.001) than
no-COVID-19 or the normal control group (see Table 3 and
Figure 4). Considering the distribution ratio of affected lung
tissue between the right and left lung in the form of the
“lateralization index” a generalized significant distinction of
the bacterial and all other groups was detected (P<0.05; see
Tuble 3 and Figure 5).

Discussion

The present study investigated whether altered molecular
structure of the B.1.1.7 variant of the SARS-CoV-2
virus causes a quantitatively different involvement and
distribution pattern from the distinct pulmonary changes
caused by the wild type COVID-19 variant in a chest CT as
described in multiple international publications (2-4). For
this purpose, we used a semiautomatic 3D segmentation tool
for quantification of the most common infectious-related
lung tissue changes such as GGO and consolidations, as well
as their total sum, ratio and distribution within each affected
patient. Neither a significant difference between the total
proportion of inflammatory affected lung tissue, nor the
specific proportion of GGO or consolidations with respect

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

to SARS-CoV-2 wild type and B.1.1.7 variant were detected
in our PCR-confirmed study group. Regarding distribution
ratio between the proportion of GGO per consolidation or
distribution pattern between right and left lung in the sense
of an asymmetry, no difference was detected between SARS-
CoV-2 wild type and the B.1.1.7 variant. In the present
study, both wild-type and B.1.1.7 variant showed symmetric
distribution patterns of stage-dependent, inflammation-
related GGO and consolidations in the matched time
intervals (from early to late stages) (3). Given an equal
distribution of the time course in the two COVID-19
groups, we were able to show that on a quantitative level
there is no evidence that COVID-19 wild-type and B.1.1.7.
mutation have a different stage course. In contrast, our
method showed that the included non-COVID-19 virus
pneumonias had significantly fewer consolidations than
the bacterial, but also than the COVID-19 B.1.1.7 variant,
a fact that supports findings of existing literature (6,7). At
the same time, it was shown that these above-mentioned
groups differed in terms of the quantitative ratio of GGO
and consolidations. Furthermore, as expected, bacterial
pneumonia showed a significantly more asymmetric pattern
than all other groups, which is also consistent with previous
investigations (6,8,9). In addition, it should be mentioned

Quant Imaging Med Surg 2023;13(2):1058-1070 | https://dx.doi.org/10.21037/qims-22-718



1066 Kottlors et al. Appearance of the B.1.1.7 mutation of SARS-CoV-2 in chest CT

2.0

)

3 1.8 -

(0]

816

c

K]

S 1.4

©°

(2]

= °

§ 1.2 o

5

510

3

o °

[

(o)}

5 0.6 g B

— x

8 § £

'g> 0.4 5 : -

—_— 8 °

] | | 1

I f

8
0.0 .
COVID-19 COVID-19 non-COVID-19 Bacterial Normal control
(B.1.1.7) (wild-typ) viral group

Groups of different causative pathogens

Figure 4 Pathological lung tissue quotient (consolidation per GGO). GGO, ground glass opacities; COVID-19"""7, B1.1.7 mutation of
the coronavirus disease; COVID-19"""" initial variant of the coronavirus disease; non-COVID-19 viral, viral caused non-COVID-19

pheumonia.

30
25
20
x
[} o
il o
£
c
K] °
" 15 °
N
5 —
9] . °
©
-
10
% .
.
5 X § b3 _(
8 > 8 o
] X
; ° RS H
i il T
COVID-19 COVID-19 non-COVID-19 Bacterial Normal control
(B.1.1.7) (wild-typ) viral group

Groups of different causative pathogens

Figure 5 Lateralization index of pathologically altered lung tissue {see Eq. [2]}. COVID-19"""7 B1.1.7 mutation of the coronavirus disease;
COVID-19""%" initial variant of the coronavirus disease; non-COVID-19 viral, viral caused non-COVID-19 pneumonia.

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2023;13(2):1058-1070 | https://dx.doi.org/10.21037/qims-22-718



Quantitative Imaging in Medicine and Surgery, Vol 13, No 2 February 2023 1067

that another study also compared COVID-19 B.1.1.7.
variants with non-B.1.1.7. variants and basically came to
the same conclusion as the current investigation (38). A
slightly different result, however, is that the B1.1.7. variant
shows a greater lateralization. This slightly different result
may be due to the fact that the duration of symptom onset
for CT imaging is not matched between the groups, so that
a homogeneous comparison is not possible (38). Because
COVID-19 CT morphology is stage-specific and the
features measured depend on the time elapsed since the
onset of infection, we recommend strict matching between
the variant and the comparison collective. In addition, the
above study did not apply matching with respect to sex and
age; in respect of age, there was even a significant difference
between the two comparison groups (38).

However, our study reveals several limitations. Besides
the retrospective, single center study design, the time-
based ambiguity of the included COVID-19 patients is a
limitation. For each patient from the B.1.1.7. group, the
time elapsed between symptom onset and CT examination
was assessed and a patient from the wild-type group
matched in terms of sex and age was assigned, resulting in
a balanced data set. Apart from the matched time intervals
between symptom-onset and CT examination of the two
COVID-19 groups, this is only an anamnestically reported
information, subjectively perceived by the patient, and only
represents a surrogate parameter for the actual time interval
between onset of infection and imaging. Yet, this statement
is the most applicable and regularly obtained information
to estimate the time passed after infection, future research
should take this into account. Although up-to-date there
is no evidence that the B.1.1.7 variant causes a faster or
chronologically different pulmonary affection, a precisely
documented time after infection would be desirable for this
statement. Lastly, despite manual validation, the automated
lung pathology segmentation might have included very
small non-pneumonic changes (micronodules) in the
determined volume fractions.

Nevertheless, advantages of the present study are the
exact genetic sequencing of the included COVID-19 cases,
the analysis of a balanced data set mentioned above as well
as the inclusion of a test and comparison data sets from viral
non-COVID-19 pneumonia. Current CT data sets were
generated on identical CT scanners using similar scanner
configurations. CT segmentation ran automatically with
a high degree of retest reliability. 3D segmentations were
made using an open-source tool, giving any research team
the opportunity to conduct the same analysis (26).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

In summary, the present study represents the first
matched quantitative comparison of fully 3D lung
segmentation between the characteristic CT morphological
appearance of COVID-19 pneumonia caused by the SARS-
CoV-2 wild-type and the novel B.1.1.7 variant. We found no
significant differences between these two genetic variants.
But our semiautomatic approach demonstrated a high
degree of validity and detected differences to other non-
COVID-19 viral or bacterial pneumonias in accordance
with existing literature.

Conclusions

In conclusion the benefit of the present analysis consists of
the initiation and establishment of a quantitative method to
detect possible differences of a different COVID-19 subtype
caused by a mutation of the SARS-CoV-2 virus. The
present approach should also be applied to other pneumonia
caused by other SARS-CoV-2 mutations. In particular, the
time course of various pathological lung changes could
be quantitatively analyzed in relation to all COVID-19
subtypes. In case of the clinically less severe virus variants
that have recently become known, such as the Omicron
B.1.1.529 variant, it could potentially prospectively be
shown whether there is a less extensive lung involvement
in the course of time (39). However, this was beyond the
purpose of this study which focused on a high-quality data
set of B.1.1.7. Furthermore, the present study suggests
that there are no CT morphological differences between
COVID-19 wild-type and B1.1.7. variant, the clinical
radiological diagnostic evaluation for this variant should
remain the same and the diagnostic decision should be
based on the known criteria.

But in the context of further possible mutations and new
worldwide COVID-19 variants of concern, it is potentially
possible that the genetic component responsible for the
characteristic CT morphological appearance may change.
A change in the distinct appearance with peripherally
accentuated bilateral stage-dependent infiltrates could
reduce the diagnostic performance of CT-examination and
consequently the specificity of COVID-19 imaging. Early
detection of changes in CT-characteristics of infections caused
by a virus constantly undergoing genetic change should be a
core component of future science and pandemic preparedness.
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