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Abstract. – OBJECTIVE: This study aims at 
comparing the severity score assessed using 
high-resolution computed tomography (HRCT) in 
vaccinated and unvaccinated COVID-19 patients.

PATIENTS AND METHODS: From the first of 
December 2021 to first of February 2022, we 
conducted a single-center retrospective analysis 
on COVID-19 patients who accessed ED services. 
The hospital in question is a level II facility with 
a catchment area of around 200,000 people. Ac-
cording to the Italian recommendations, patients 
were divided into four groups based on the CT 
score of Micheal Chung. The sum of acute in-
flammatory lung lesions involving each lobe was 
scored as 1 (0-25%), 2 (26-50%), 3 (51-75%) or 4 
(76-100%) on a visual quantitative assessment of 
CT. The total severity score (TSS) was determined 
by summing the five lobe scores. 

RESULTS: The study included 134 patients di-
vided into two groups: 67 vaccinated and 67 unvac-
cinated people. 53 people had incomplete (single 
dose/double dose) immunization, while 14 people 
completed the vaccination cycle. It was discovered 
that the mean CT severity score was lower in fully 
vaccinated patients compared to partially vaccinat-
ed or unvaccinated patients. The mean CT score 
was significantly lower in fully vaccinated patients 
aged 60 compared to older patients. The mean CT 
score was higher in unvaccinated patients com-
pared to fully vaccinated patients.

CONCLUSIONS: Individuals who received 
three doses of COVID-19 vaccination had lower 
CT severity scores than patients who received 
only one dose of vaccine or no vaccines at all.

Key Words:
COVID-19, Total severity score, Vaccine COVID-19, 

Acute inflammatory lung lesions, Single dose/dou-
ble dose.

Introduction

The first patient with COVID-19 disease was 
diagnosed at the end of 2019 and now the total 
number of confirmed cases has already exceeded 
270 million with a high mortality rate of around 
2.0 percent. COVID-19 vaccinations are effec-
tive and vital strategies to contain the spread of 
the epidemic. At present, at least one dose of the 
COVID-19 vaccination has been administered to 
56% of the world’s population. However, vaccines 
are still not 100% effective at preventing infec-
tion. The discovery of the Severe Acute Respi-
ratory Syndrome Coronavirus 2 (SARS-CoV-2) 
ribonucleic acid (RNA) or antigen in a respiratory 
specimen obtained 14 days after the administra-
tion of all prescribed doses of COVID-19 vacci-
nations is considered a breakthrough infection1.

Most of the early cases were connected to the 
Huanan Sea food market, a live animal and sea-
food market. The essential and favored approach 
for the diagnosis, supported by the WHO inter-
val guide, is the collection of upper respiratory 
samples through nasopharyngeal and oropharyn-
geal swabs, followed by RT-PCR identification 
of SARS-CoV-2 RNA. The efficacy of RT-PCR 
in the diagnosis of COVID-19 infection like oth-
er molecular tests, is highly dependent on the 
pre-analytical phase, which includes patient se-
lection and material collection, as well as RNA 
extraction method and RT-PCR test performance. 
Starting with the Severe Acute Respiratory Syn-
drome Coronavirus (SARS-CoV) in 2002, the 
Middle East Respiratory Syndrome Coronavirus 
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(MERS-CoV) spread afterwards in 2012; finally, 
the Severe Acute respiratory Syndrome Coro-
navirus 2 (SARS-CoV2) is presently underway: 
nowadays three significant Covid variants have 
caused infection flare-ups. 

The World Health Organization (WHO) clas-
sified Omicron as an original Severe Acute respi-
ratory Syndrome Coronavirus 2 (SARS-CoV-2) 
variant of concern (VOC) on November 26, 2021. 
The spike (S) protein, which is the principal an-
tigenic target of antibodies generated by infec-
tions or immunization, has 32 mutations in this 
variation, which is an exceptionally high number. 
The deadly Delta variant, however, has only 5 
S protein mutations, posing a significant global 
threat and spreading internationally. As a result, 
the “panic button” has been pressed in numerous 
cases around the world and many nations have in-
stituted travel restrictions to prevent the Omicron 
variant from spreading rapidly. 

Scientists discovered that three doses of the 
vaccination not only neutralized the Omicron vari-
ant2, but also raised neutralizing antibody levels by 
a factor of 25 when compared to two doses3.

The efficacy of existing COVID-19 vaccines in 
use against the Omicron variant has been evaluated 
in several preliminary investigations. One- or two-
dose vaccines tend to provide significantly less pro-
tection than booster vaccines, although they still ap-
pear to protect against serious disease. Studies have 
shown that a full immunization plus a booster dose 
provides better protection against Omicron infection 
both in the lab and the real world.

Vaccine effectiveness against symptomatic 
Omicron infection is much lower than in the case 
of the Delta variant4. According to a paper from 
Imperial College London3, the probability of rein-
fection with Omicron was 5.4 times higher than 
with the Delta variant. Having COVID-19 previ-
ously provided minimal protection against Omi-
cron reinfection.

The Omicron VOC has a lot of mutations, some 
of which are problematic since they could lead to 
immune evasion and enhanced infectivity. The 
Omicron variant effectively shares a few transfor-
mations with the C.1.2 (an exceptionally changed 
genealogy recently recognized in Beta and Delta 
variants) and it has 22 extra replacements as well 
(counting inclusions and cancellations), which 
have not been found in some other VOC or varia-
tion of interest (VOI) until now. SGTF on the Taq-
Path COVID-19 PCR test is known to be caused 
by a 69-70 amino acid deletion in the spike gene, 
which was previously found in the Alpha variant. 

The role of HRCT scan in the COVID-19 di-
agnosis is crucial, especially in patients with co-
morbidities, diagnostic issues, and poor treatment 
response, being a problem-solving technique5. 
Furthermore, measuring the volume of lung impli-
cated in a verified patient and associating disease 
severity with a CT scan severity score may have 
a more practical role6. According to the Italian 
recommendations, patients were divided into four 
groups based on the CT score of Micheal Chung7.

The sum of acute inflammatory lung lesions 
involving each lobe was scored as 1 (0-25%), 2 
(26-50%), 3 (51-75%) or 4 (76-100%) on a visual 
quantitative assessment of CT. The total severity 
score (TSS) was determined by summing the five 
lobe scores8.

The goal of this study was to evaluate the se-
verity scores determined from high-resolution 
computed tomography (HRCT) in COVID-19 
patients between vaccinated and unvaccinated 
people.

Literature Review 
The International Committee on Taxonomy of 

Viruses (ICTV) announced “severe acute respi-
ratory syndrome Coronavirus 2 (SARS-CoV-2)” 
as the name of the new virus after founding it 
from lower respiratory testing. Moreover, WHO 
declared “COVID-19” as the name of this new 
disease on 11 February 2020. SARS-CoV-2 is 
an RNA infection belonging to Betacoronavirus 
subgroup B. Under the electron microscope, the 
virus appears spherical with a diameter that rang-
es from 60 to 140 nm. Its outer membrane exhib-
its distinct spikes which are 9-12 nm long, similar 
to those found in the solar corona. SARS-CoV-2 
shows 92 percent homology with Bat Coronavi-
rus RaTG3, proposing a zoonotic beginning for 
this flare-up, as per the review. COVID-19 has 
been declared as a global pandemic by the WHO, 
given its contagiousness. Fever, myalgia, dyspnea 
and fatigue are normal clinical characteristics of 
COVID-19 patients, which are similar to those of 
SARS-CoV and MERS-CoV.

Due to its contagiousness and vaccine escape 
mutations, the latest variant Omicron (B.1.1.529) 
ignited global fear. Its critical infectivity and an-
tibody resistance are determined by mutations 
on the spike (S) protein receptor-binding region 
(RBD)9. A complete investigation on the Omicron 
variant could require weeks or even months. In 
COVID-19 patients, the total severity score (TSS) 
could be used to quickly evaluate the degree of 
pneumonic involvement in an objective way10-12.
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Patients and Methods

Study Design and Setting 
From the first of December 2021 to first of 

February 2022, we conducted a single-center ret-
rospective analysis on COVID-19 patients who 
accessed ED services. The hospital in question is 
a level II facility with a catchment area of around 
200,000 people.

All patients had their clinical data collected, 
including their age, gender, exposure history, clin-
ical complaint and laboratory values. All patients 
underwent RT-PCR laboratory testing before or 
after a chest CT scan. When RT-PCR results were 
delayed or initial RT-PCR results were negative 
but there was a high suspicion of COVID-19 in-
fection, HRCT was used for diagnostic purposes. 

CT scan was used to determine CT severity 
score and guide treatment care in RT-PCR-posi-
tive patients. Scans that revealed severe pre-ex-
isting/chronic pulmonary parenchymal disorders 
were excluded. The inactivated virus vaccine or 
the non-replicating viral vector vaccines were ad-
ministered to immunized individuals.

HRCT  
Non-contrast CT scans were taken from the lung 

apices to the lateral costophrenic sulci in a cranio-
caudal orientation and in a single breath-hold. A 
helical scan was obtained in supine position. The 
scanning rooms and equipment were disinfected 
and sanitized according to standard procedures.

All patients’ chest CT images showed the fol-
lowing characteristics.

Distribution of Lesions 
Dorsal and ventral (or both dorsal and ventral) 

lung involvement; lobar pneumonia (right upper 
lobe (RUL), right center lobe (RML), right lower 
lobe (RLL), left upper lobe (LUL), and left lower 
lobe (LLL)) and the entire lung; pain in the lung 
area; involvement of the peribronchovascular 
(focal) region of the lung; Ground glass opacity 
(GGO); vascular thickening; crazy-paving pat-
tern; air-bronchogram; septal thickening; pleu-
ral thickening; subpleural bands; vacuolization; 
bronchial septal thickening; centrilobular nod-
ules; other negative discoveries included lymph-
adenopathy, pleural effusion, pericardial effusion.

Image Analysis
A CT scoring system was employed based on 

the area involved in order to objectively quantify 
the pulmonary involvement in all these anoma-

lies13,14. A visual, quantitative assessment of CT 
was based on the sum of acute inflammatory lung 
lesions involving each lobe, which was scored 
as 1 (0-25%), 2 (26-50%), 3 (51-75%), or 4 (76-
100%), respectively. The total severity score 
(TSS) was achieved by summing the scores of the 
five lobes and was also divided in 4 ratings, as 
follows: score 0-5: low grade; score 6-10: interme-
diate grade; score 11-15: high score; score 16-20 
very high score15-18.

Statistical Analysis
Mann-Whitney U test and Kruskal-Wallis’ test 

were used in order to correlate clinical features 
(age, CT score, lung lesions) with vaccination sta-
tus and number of vaccine injections. The Chi-
Square test was used for nominal data. A 0.05 
p-value was judged significant. Multivariate anal-
ysis investigating the effects of age, gender, vac-
cination and CT characteristics with the CT score 
was performed using binary logistic regression 
analysis. In order to conduct the aforementioned 
analyses, CT score was dichotomized in low and 
intermediate score (TSS≤10) vs. high and very 
high score (TSS>10). ROC curve was also calcu-
lated from binary logistic regression analysis. All 
the statistics were performed with SPSS®, version 
22.0 (IBM Corp., Armonk, NY, USA).

Results

Demographic, Disease Severity 
and Clinical Characteristics

This study involved 134 patients, including 80 
male (60%) and 54 females (40%), belonging to 
age ranging from 24 to 94 years (average age: 59 
years). Half of the population was not vaccinated 
(67 patients, 50%). 

Among the 67 vaccinated patients, our results 
show: 5 patients with 1 vaccine dose (3.73%); 48 
patients with 2 vaccine dose (35.8%), one of which 
with second dose administered less than 4 months 
after the first dose; 14 patients with 3 vaccine dose 
(10.4%), one of which with lymphatic system dys-
function and two with vaccination cycle complet-
ed in more than 4 months.

In the fully vaccinated group (14 patients) the 
results are: 10 patients with score 1 (71.4% green); 
1 patient with score 2 (7.1%, this patient complet-
ed the vaccination cycle in more than 4 months); 
2 patients with score 3 (14%, one of these patients 
completed the vaccination cycle in more than 4 
months); 1 patient with score 4 (7.1% red, this pa-
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tient suffered from chronic lymphocytic leukemia 
– CLL). In the fully vaccinated group, 90.9% of 
patients without comorbidities and with a vacci-
nation cycle completed in less than 3 months ob-
tained score 1 (Figure 1).

In the two doses group (48 patients) the obtained 
results were: 22 patients with score 1 (45.8%); 8 pa-
tients with score 2 (16.6%); 8 patients with score 3 
(16.6%) and 10 patients with score 4 (20.8%).

In the one-dose group (5 patients) the obtained 
results were: 1 patient with score 1 (20%); 0 pa-
tient with score 2 (0%); 2 patients with score 3 
(40%) and 2 patients with score 4 (40%).

In total, there were 57 patients with score 1 
(42.5%), 16 patients with score 2 (11.9%), 28 patients 
with score 3 (20.89%) and 33 patients with score 4 
(24.62%). Disease severity was significantly cor-
related with lower respiratory symptoms, in particu-
lar cough, and the presence of chronic diseases.

Statistical analysis showed a significant cor-
relation between global CT score and vaccination 
status (p=0.020) and vaccine injections (p=0.011). 

Comparison of CTSS
The CT scores of the left upper and lower 

lobes did not differ significantly between the two 
groups (all p> 0.05). Also the number of affect-
ed lobes did not differ significantly between the 
two groups (all p> 0.05), except for Right Upper 

Lobe (RIL), which was remarkably correlated 
with both vaccination status (p=0.028) and the 
number of vaccine injections (p=0.012), affecting 
more unvaccinated patients (70.1% vs. 51.5%) or 
those with a lower number of doses (70.1% of un-
vaccinated patients, 60% of patients with single 
dose, 55.3% of patients with two doses and 35.7% 
of fully vaccinated patients). 

The Findings of CT Characteristics 
in the Two Groups 

GGO (95%), pleural thickening (52%), cra-
zy-paving pattern (52%), interstitial inflammation 
defined by consolidations (43%), fibrosis (28%), 
discrete nodules (8%), bronchiectasis (7%), thoracic 
lymphadenopathy (3%), pleural effusion (0%), and 
cavitation (3%) were found in 134 patients (Table 
I). There was no critical contrast between the two 
groups in the event pace of every one of the ten CT 
characteristics in the underlying CT (all p > 0.05).

Multivariate Analysis
Binary logistic regression analysis showed that 

vaccination status (p=0.020, OR 0.34, 95% CI OR: 
0.14-0.84), GGO (p<0.001, OR 14.4, 95% CI OR: 
3.9-40.1) and consolidation (p<0.001, OR 6.15, 95% 
CI OR: 2.4-15.4) were the only significantly cor-
related parameters with the prediction of TSS score 
(low and intermediate vs. high and very high score).

Figure 1. TSS graphical representation.
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ROC Curve for the prediction of TSS Score 
showed an AUC of 0.85 (95% CI: 0.78-0.91), with 
a sensitivity of 67.8% and a specificity of 86.5% 
(Figure 2). 

Discussion 

In this study, we compared vaccinated COVID-19 
patients with unvaccinated patients scanned in the 
same period in order to evaluate the effect of vac-
cines on CT severity score. The key conclusions of 
this study were twofold: firstly, vaccinated patients 
had a lower mean CT score than unvaccinated pa-
tients; secondly, fully vaccinated patients had a low-
er CT score than unvaccinated patients. 

Some scholars19 evaluated the safety and ef-
ficacy of different currently used vaccinations, 
finding that vaccine administration reduces lung 
involvement in COVID-19 patients and has an in-
fluence on systemic inflammatory and coagulopa-
thy responses. Our findings show that COVID-19 
vaccines are effective against severe disease with 

Table I. Findings of CT images between two groups.

	 Unvaccinated n=67	 Vaccinated n=67	 p-value

CT characteristics
    GGO	 95%	 78%	 0.075
    Consolidation 	 43%	 60%	 0.237
    Crazy-paving pattern	 52%	 55%	 1.000
    Pleural thickening 	 52%	 49%	 0.767
    Fibrosis	 28%	 39%	 0.746
    Discrete nodules	 8%	 7%	 1.000
    Bronchiectasis	 7%	 6%	 1.000
    Thoracic lymphadenopathy	 3%	 6%	 0.542
    Pleural effusion	 0%	 14%	 0.098
    Cavitation	 3%	 0%	 1.000

Involved lobes
    Right upper lobe	 70.1%	 51.5%	 0.028
    Right middle lobe	 39%	 68%	 0.069
    Right lower lobe	 92%	 95%	 1.000
    Left upper lobe	 75%	 78%	 0.5333
    Left lower lobe	 70%	 96%	 0.080

CT score in each lobe
    Right upper lobe	 0-1	 0-4	 0.017
    Right middle lobe	 0-1	 0-4	 0.007
    Right lower lobe	 0-4	 0-4	 0.047
    Left upper lobe	 0-2	 0-4	 0.057
    Left lower lobe	 0-3	 0-4	 0.123
    TSS	 0-11	 0-20	 0.008

Figure 2. ROC Curve extrapolated from binary logistic 
regression analysis. 
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CT severity score serving as an imaging surro-
gate of the virus’ biological activity. In our in-
vestigation, the time interval between the second 
dose and clinical sickness was a significant factor, 
leading to lower CT severity scores, obtaining a 
similar result of earlier studies which only consid-
ered the clinic-pathological factors.

Imaging was used to assess the severity of 
the patients. We included the scans performed in 
our study since including CT scans from earlier 
phases could have had a confounding influence 
on interpretation20-22. Females’ immunological 
responses to both internal and external antigens 
were superior to males’. This physiological ad-
vantage affected disease recovery as well as the 
ineffectiveness of vaccinations against numerous 
infections. In the current dataset, however, vacci-
nated patients have had an insignificantly greater 
CT severity score than unvaccinated patients.

Elderly people are known to have a worse 
prognosis, with numerous reasons for more se-
vere pulmonary parenchyma affection23,24. CT 
scan correlated to this clinical assertion has also 
corroborated the hypothesis with weaker and 
more unusual signs reported at younger ages25. A 
comparison of mean CT severity score at various 
age groups between vaccinated and unvaccinated 
individuals in the current dataset was in agree-
ment with past research26,27, with a lower mean 
score reported in patients younger than 45 years. 

In the fully vaccinated group, there was a stronger 
inverse relationship between age and CT score.

In addition, the fully vaccinated group had 
considerably less acute airspace and interstitial in-
flammation defined by consolidations and ground-
glass opacities than unvaccinated and incompletely 
vaccinated patients. As a result, a severe score (CT 
score of 20) was observed in only one fully vac-
cinated patient, whereas it was shared by a larger 
number of unvaccinated and partially vaccinat-
ed patients. Other morphological (subacute and 
chronic) traits did not alter significantly between 
the groups. Consolidation, on the other hand, was 
the least prevalent radiological pattern in the fully 
vaccinated group, whereas it was the most com-
mon feature in the unvaccinated group. This is a 
regular occurrence among severely ill people.

Conclusions 

According to this retrospective analysis, pa-
tients who completed the vaccination cycle had 
lower CT severity scores than incompletely vacci-

nated or unvaccinated patients. The period between 
vaccination and the onset of clinical symptoms 
has an impact on pulmonary alterations visible on 
HRCT of the lungs, with individuals with symp-
toms two weeks or more after the second dose of 
vaccine having lower CT severity scores. The key 
difference is that unvaccinated patients have a me-
dium-severe lung CT score, whereas patients with 
two doses which have had the last dose by more 
than four weeks have a 36% of chance of having a 
medium-severe lung CT score.
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