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ABSTRACT

Objective: To find the changing radiological pattern of COVID-19 on HRCT chest in vaccinated patients.

Study Design: Observational, cross-sectional study.

Place and Duration of Study: Combined Military Hospital, Sialkot Pakistan, from Jan to Feb 2022.

Methodology: All patients referred for High-resolution computed tomography (HRCT) chest were included. All participants
underwent HRCT chest after recording the demographic data. Computed tomography (CT) images were reviewed by an
experienced radiologist for pulmonary involvement and determining the computed tomography severity score, which ranged
from 0-40 points.

Results: A total of 90 patients were included in the study. The mean age was 35.8413.2 years. The number of partially
vaccinated, fully vaccinated patients, and those with booster doses were 10(11.1%), 62(68.9%) and 18(20%), respectively.
Patients with normal or non-specific findings on HRCT were 74(82.2%), and those with findings suggestive of COVID-19
pneumonitis were 16 (17.8%). The mean CT severity score among positive cases was 4.69+8.01, while the most frequent
pulmonary finding was ground glass opacities found in 11(68.8%) cases.

Conclusion: Vaccination reduces the frequency and severity of pulmonary involvement in cases with breakthrough COVID-19

though the presentation of the disease and pattern of the pulmonary involvement does not show much change.
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INTRODUCTION

The symptoms in post-vaccination COVID-19
patients are mild to moderate, and most of these
patients show recovery without vigorous treatment.!2
However, some of them become seriously ill and might
require medical attention.> Most people who become
seriously ill and had extensive lung infiltrates are those
who are not vaccinated.*> In response, more than
100,463,513 Pakistanis have been fully vaccinated as of
March 8, 2022, apart from 127,697,360 partially
vaccinated and 4,704,755 with booster dose, according
to the national command operational cell government
of Pakistan (NCOC).67

Although COVID-19 vaccine is effective, some of
the vaccinated people still have the disease. They are
called breakthrough cases.® This is not unexpected as
no vaccine is 100% effective. Thus the possibility of
breakthrough infection is always there. However, the
disease in such cases is either asymptomatic, or these
patients might have mild symptoms and are usually

Correspondence: Dr Hidayat Ullah, House 490, Street 19, Sector A,
Askari 14, DHA Phase 4, Islamabad Pakistan
Received: 29 Mar 2022; revision received: 05 Jun 2022; accepted: 10 Jun 2022

treated as outdoor patients with low mortality.>10 With
time, the effectiveness of the vaccine wanes because of
the new variants replacing the old ones, thus in-
creasing the number of breakthrough infections. This
study has been carried out to see the pattern of
COVID-19-related pneumonitis on high-resolution
computed tomography (HRCT) in post-vaccination
individuals to see the frequency and extent of
pulmonary involvement.

METHODOLOGY

The cross-sectional study was carried out at the
Radiology Department, Combined Military Hospital,
Sialkot Pakistan, from January to February 2022, after
the approval by the Institutional Ethical Review Board
(ERC number: ERC/03/2022).Sample size was calcu-
lated using the WHO sample size calculator taking the
reported prevalence of ground glass opacities (GGOs)
in cases of COVID-19 at 57%.11

Inclusion Criteria: Patients of either gender and any
age group presenting for HRCT chest were included in
the study by non-probability consecutive sampling
method.
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Exclusion Criteria: Patients with negative PCR for the
SARS-CoV-2 virus and those not vaccinated were
excluded from the study.

Informed consent was obtained from all partici-
pants. Demographic data were recorded on a pre-
viously designed proforma along with their symp-
toms, previous history of COVID-19 and vaccination
history. All participants underwent HRCT chest on a
Toshiba Asteion 4 CT scanner dedicated to evaluating
patients with COVID-19. A high-resolution chest CT
scan was performed with a 1 mm slice at 10 mm
intervals from lung apices to bases. The CT images
were reviewed by a radiologist having ten years of
experience in chest radiology. A note was made of the
type of lesions and their location, and every case was
given a CT severity score (CSS) depending upon the
extent of involvement. For calculating the CSS, both
lungs were divided into 20 regions. Every region was
assigned a score of 0, 1 or two depending upon the
extent of involvement as described by Yang et al.1?
Individual scores from all 20 regions were added to get
CSS which ranged from 0-40 points.

Statistical Package for Social Sciences (SPSS) ver-
sion 20.0 was used for the data analysis. Quantitative
variables were expressed as Mean+SD and qualitative
variables were expressed as frequency and percen-
tages. Mean CSS was calculated for partially vacci-
nated, fully vaccinated patients and those with booster
doses and compared by One-Way ANOVA. The p-
value lower than or up to 0.05 was considered as
significant.

RESULTS

Ninety patients fulfilled the inclusion and
exclusion criteria during the study period. The mean
age of the patients was 35.8+13.2 years (ranging from
19-80 years). Partially vaccinated patients with a single
dose of the vaccine were 10(11.1%), fully vaccinated
patients with a double dose of the vaccine were
62(68.9%), and those with a booster dose were 18(20%).
Most patients, 45(50%), had Sinovac followed by Sino-
pharm, 25(27.8%). The mean duration of symptoms
was 5.33+1.84 days (ranging from 2-10 days). Patients
with normal or non-specific findings on HRCT were
74(82.2%). Those with findings suggestive of COVID-
19 pneumonitis were 16(17.8%), with the most frequent
finding being GGOs found in 11(68.8%) cases, followed
by reticulo-nodular or nodular opacities noted in
7(43.8%) cases (Table-1). Figures 1-2 show the appea-
rance of GGOs, interlobular septal thickening, reticulo-
nodular and tree in bud opacities on HRCT. Among

the patients with findings suggesting COVID-19, the
mean age was 43.62+16.73 years, while the mean CSS
was 4.69+8.01 (ranging from 1-32). Mean CSS in par-
tially vaccinated, fully vaccinated and those with
booster doses is shown in Table-II. There was no
statistically significant difference in CSS among these
groups (p-value 0.824). Table-IIl depicts the detailed
findings of all 16 cases positive for COVID-19 changes
on HRCT chest.

Table-I: Radiological pattern of pulmonary involvement in
breakthrough COVID-19 (n=90)

HRCT Findings Nature of Opacities n(%)

Normal or non-specific 74(82.2)
findings
COVID-19 findings 16(17.8)
GGOs 11(68.8)
Reticulo-nodular/nodular | 7(43.8)
Tree in bud 5(31.2)
Interlobular septal

thickeningp 3(187)
Fibrotic 2(12.5)

Pleural effusion 1(6.2)

———

Figure-1: Non-enhanced axial HRCT Chest of a fully vaccinated
43 years old male patient shows peripheral GGOs with
interlobular septal thickening (CT severity score: 7/40)

Figure-2: Non-enhanced magnified axial HRCT chest of a
vaccinated 21 years old male patient showing clusters of reticulo-
nodular densities and linear branching 'tree in bud nodules'
involving right lower lobe (CT severity score 2/40)
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Table-II: Mean CT Severity Score in different Vaccination
Groups and Inter-Group Comparison (n=90)

Mean CT severity score in different
Parameters vaccination groups
PV(n=3) | FV(n=1) BD(n=2) | p-value
Mean CT
severity 2.00+1.00 | 545+9.59 | 450353 | 0.824
score out of
40

PV: Partially vaccinated; FV: Fully vaccinated; BD: Fully vaccinated with
booster dose

aches (72.2%), fever (63.3%) and symptoms of flu
(43.3%).

During the initial period, most patients affected
by COVID-19 showed some pulmonary manifestation
of the disease.’> Our study aimed at finding the
frequency and extent of pulmonary findings on HRCT
in cases of breakthrough COVID-19, and it showed
that the frequency of pulmonary findings in
breakthrough COVID-19 was 17.8%. Apart from the

Table III: CT severity score of 16 Cases with Breakthrough COVID-19

No | Age(yeas) | Vaccination status Findings CSs
1 41 FV Peripheral GGOs, consolidation, ILS thickening 32
2 28 PV Tiny nodule in superior segment of RLL 1
3 23 PV RN & TIB in medial segment of RML and PB segment of LLL 2
4 31 FV RN & TIB in post segment of RUL 1
5 55 FV Peripheral GGOs 3
6 50 FV RN bilateral upper lobes 2
7 38 FV GGO post basal segment RLL 1
8 36 FV GGO post segment RUL 1
9 21 FV RN & TIB opacities in RLL 2
10 72 FV GGO, RN & TIB opacities in RUL 2
11 34 PV GGO, Few RN & TIB opacities Post segment of RUL and Superior segment of 3
both LL
12 60 FV Solitary GGO in superior segment of RLL 1
13 50 B Small, subtle peripheral GGOs 2
14 80 FV Peripheral GGOs, ILS thickening, bilateral mild pleural effusion 14
15 43 B Peripheral areas of GGOs, ILS thickening 7
16 36 FV Solitary GGO in superior segment of RLL, fibrotic band 1

(CSS. CT severity score; PV. Partially vaccinated; FV. Fully vaccinated; B. Booster dose; GGO. Ground glass opacity; ILS. Interlobular septal thickening; RLL.
Right lower lobe; RN. Reticulo-nodular; TIB. Tree in bud; RML. Right middle lobe; PB. Posterior basal; LLL. Left lower lobe; RUL. Right upper lobe; RLL. Right

lower lobe; LL. Lower lobe)

DISCUSSION

Being a systemic disease COVID-19 affects all
systems of the body with predominant effect on
respiratory tract leading to symptoms of flu, cough,
fever, shortness of breath and generalized weakness.
Since then, HRCT chest has played a pivotal role in the
evaluation of lungs affected by COVID-19. The pattern
of lung involvement on HRCT included GGOs with or
without crazy paving pattern or interlobular septal
thickening, consolidations, nodularity and in later
stages evidence of fibrosis in the form of reticulation or
fibrotic bands.4

Pakistan also started a vaccination campaign in
2021, and many people have been vaccinated since
then. Our study shows that 11.1% of participants were
partially vaccinated among the study population, and
only 20% had a booster dose. This indicates the need
for accelerated effort by the concerned authorities to
persuade people to complete the vaccination and have
the booster dose for enhanced protection. Most of the
cases in our study presented with cough (73.3%), body

infrequent pulmonary involvement, the severity of the
pulmonary disease was also reduced, with the mean
CT severity score of 4.69+8.01. Thus the study showed
that both the frequency and extent of the pulmonary
involvement, as shown on HTCT, were reduced in
cases of breakthrough COVID-19. These findings were
in accordance with Juthani et al. who showed that the
number of cases with severe or critical COVID-19 was
low in breakthrough COVID-19 with a reduced
number of hospital admissions.?

The most frequent pulmonary finding on HRCT
among the cases positive for pulmonary involvement
in our study was GGOs in 68.8% of patients, followed
by nodularity, interlobular septal thickening, consoli-
dation or reticulation. This pattern was not different
from that occurring in non-vaccinated patients, as
shown by one study with the most frequent (65%)
pulmonary finding in COVID-19 being ground glass
opacification.’® The same fact has been highlighted by
two studies as GGO to be 681% and 68%,
respectively.’”18 Some other studies, however, show
even a higher prevalence of GGO, reaching as high as
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78% and 83.31%.19%0 The high prevalence of GGOs
implies that the pattern of pulmonary involvement in
breakthrough COVID-19 has not much changed with
vaccination.

LIMITATION OF STUDY

One of the limitations of the study was that it took into
account vaccinated patients because of the lesser availability
of the non-vaccinated participants. The inclusion of non-
vaccinated patients made the comparison of pulmonary
findings in the two groups possible.

CONCLUSION

Vaccination reduces the frequency and severity of
pulmonary involvement in cases with breakthrough COVID-
19 though the presentation of the disease and pattern of the
pulmonary involvement does not show much change.
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