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ABSTRACT 
 

BACKGROUND: RT-PCR is the leading method used in the 
diagnosis of COVID-19, caused by 2019-nCoV. CT applications 
also provide a fast and easy diagnosis for detecting pneumonia 
caused by the SARS-CoV-2 virus. The current study, aimed to 
compare the lung involvement of vaccinated (two-dose CoronaVac) 
and unvaccinated patients in the early stage of COVID-19 disease. 
METHODS: In the current retrospective study, which included 
patients diagnosed with RT-PCR COVID-19 positivity (n=651) 
between 01 July 2021-15 September 2021, patient information was 
obtained from the authorized hospital of the pandemic. Data 
included patients' chest CT scans and whether patients had been 
vaccinated (two-dose CoronaVac) information. 
RESULTS: The ratio of vaccination with double-dose CoronaVac 
in positive patients was 74.3%. The ratio of patients with normal 
lung appearance was 61.8%. It was determined that the ratio of 
involvement in both lungs of patients who were vaccinated with a 
double dose was significantly lower than the ratio of involvement in 
patients who were never vaccinated (p < 0.001).  
CONCLUSION: In this study, it was determined that pneumonia 
cases were less common in individuals vaccinated with double-dose 
CoronaVac. In this study, it was also determined that the protection 
of the vaccine was higher in females than in males and that the 
protection of the double-dose CoronaVac vaccine was higher in the 
50-60 age group compared to 60 older patients. 
KEYWORDS: Chest CT, CoronaVac, COVID-19, Northern 
Cyprus, SARS-CoV-2  
 
INTRODUCTION  
 

The pandemic, which started in Wuhan City, Hubei Province, China, 
and spread to 33 countries in just two months, has been continuing 
since December 2019. In the fight against infectious diseases for 
which there is no specific treatment (1) or vaccine, it is essential that 
the infected person be immediately isolated from the healthy 
population in order not to pose a threat to public health. These rules 
were also applied during the COVID-19 pandemic, due to the  
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unknowns about the existence of an effective 
treatment and/or vaccine against the virus (2, 3). 

Individuals are determined to be COVID-19-
positive (+) or suspected of being COVID-19-(+) 
after research using respiratory and/or blood 
samples. RT-PCR is a leading method used in the 
diagnosis of COVID-19 caused by 2019-nCoV. It 
was reported that the RT-PCR-(+) ratio was 
approximately 30-60% at the beginning of the 
pandemic (4). The low positivity ratio obtained 
from the PCR, the highly contagious nature of the 
virus, and the risk of transmission to the healthy 
population once again reveal the current 
emergency against the pandemic.  

A computed tomography (CT) provides fast 
and easy diagnosis in the detection of pneumonia 
caused by the SARS-CoV-2 virus (5, 6). There 
are many studies reporting the relationship 
between the disease and lung involvement with 
images obtained from chest CTs of COVID-19 
patients (7-10).  

Following the declaration of the pandemic 
by the WHO, studies on developing vaccines 
against COVID-19 started in different countries. 
Countries have started to vaccinate the public, 
especially health workers and at-risk groups, by 
choosing different preferences among the 
vaccines produced against the pandemic. 
CoronaVac was the first type of vaccine used in 
the Northern Cyprus (NC) during this study. 
Individual vaccinations across the country were 
carried out in the following order: first to 
healthcare professionals, then to individuals aged 
65 and older and individuals with chronic 
diseases. In the course of the pandemic, different 
vaccines such as BioNTech, Astra-Zeneca, 
Janssen-Johnson & Johnson, and Moderna were 
also applied to the public. Phase 3 studies of the 
CoronaVac double dose vaccine show that it is 
86% effective against death, 88-100% effective 
against serious illness, and 65-85% effective 
against symptomatic disease in the general 
population (11). Reports from countries using 
CoronaVac highlight that individuals are still 
infected with the virus despite being vaccinated 
with two doses of CoronaVac (12-14). 

According to the policy implemented by the 
authorized pandemic hospital in the NC at the 

beginning of the pandemic process, CT was 
required within 48 h for all patients 50 years of 
age and older who were found to have positive 
RT-PCR test results. In this period, according to 
the statements made by the Ministry of Health in 
the NC, the dominant variant on the island was 
the SARS-CoV-2-alpha (a) variant. The current 
study, aimed to compare the lung involvement of 
vaccinated (two-dose CoronaVac) and 
unvaccinated patients in the early stage of 
COVID-19 disease.  
 
PATIENTS AND METHODS 
 

Study design and study population: Ethical 
approval for the study was obtained from the 
local ethics committee of Cyprus Science 
University (approval no. 2021.12.001). This study 
was conducted as a single-center, retrospective, 
cross-sectional study in which patient information 
was obtained from the pandemic authorized 
hospital of the country for the diagnosis and 
treatment of COVID-19. The inclusion criteria 
were as follows: (i) RT-PCR positive detection of 
positive SARS-CoV-2 nucleic acid in throat/nose 
swabs, and (ii) at least one thin-slice CT 
application. 

CoronaVac was one of the vaccines 
available in the NC at the time the research data 
was obtained. Priority vaccination in the country 
was implemented as follows: healthcare 
professionals, individuals over 65 years of age, 
and individuals with underlying diseases. In the 
advancing period of COVID-19, vaccination for 
those over 65 years of age has been reduced to 50 
years of age and above. The information of 
individuals 50 and over 50 years of age who have 
the right to priority vaccination and those with 
underlying diseases were checked through the NC 
Ministry of Health information system and 
vaccinated at the pandemic-authorized hospital. 
While the information of the vaccinated persons, 
such as the vaccination barcode number and 
vaccination date, was recorded in the TRNC 
ministry information system, the vaccination card 
containing the same information was also 
delivered to the persons. Thus, whether the 
individual was vaccinated or not could be 
checked with the vaccination card given to them 
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at the time of vaccination and/or ID numbers 
from the NC Ministry of Health information 
system. 
Data collection: Between July 1 and September 
15, 2021, 651 patients were diagnosed with 
COVID-19 by RT-PCR testing at the only 
authorized pandemic hospital in the country. 
Chest CT (Revolution EVO GE; Medical 
Systems, Milwaukee, WI, USA) images taken 
from patients with positive RT-PCR in the NC-
authorized pandemic hospital were collected and 
evaluated by our specialist.. All patients included 
in this study were diagnosed with COVID-19 
according to the diagnostic criteria in the 
COVID-19 Diagnosis and Treatment Guidelines 
by China (14). Data included whether patients 
were vaccinated with a double dose of 
CoronaVac and included chest CT scan images. 
All images were obtained with a CT device (128 
slices) at the end of inspiration with the patients 
in the supine position. The time between the 
second dose vaccination of individuals and the 
time when COVID-19-(+) was detected was also 
examined. The dates on which the vaccination 
started according to the groups were accepted as 
the vaccination days of the unvaccinated patients. 
 

Statistical analysis: Statistical analysis was 
performed on SPSS (Ver: 18.0). Descriptive 

statistics were given mean ± standard deviation 
(SD) values for continuous data, and in numbers 
and percentages for categorical data. A one-way 
ANOVA test was performed to draw conclusions 
from the analyzes of COVID-19 RT-PCR-(+) 
patients. The relationship between age, gender, 
region of involvement finding, and the time 
between the date they were found to be positive 
for COVID-19 and the time of vaccination was 
evaluated by regression analyses. p values below 
the 95% confidence interval and below 0.05 were 
considered significant. 
 
RESULTS 
 

Description of study population: It was 
determined that 327 patients were female and 324 
patients were male. The youngest of the patients 
was 50 years old and the oldest 85 years old. The 
mean age was 60.44±7.9 years. When the patient 
records from the hospital information system 
were examined, it was determined that the ratio of 
those who were vaccinated with two doses of 
CoronaVac was 484. The time elapsed between 
the date of detection of COVID-19-(+) and the 
time of vaccination (time since vaccination) was 
given in Table 1. Accordingly, 37.3% of the 
individuals were found to be COVID-19-(+) 12-
18 months after vaccination (Table 1). 

 
Table 1: Information on the demographic features of the PCR-positive patients included in the study, 
whether they were vaccinated double-dose CoronaVac or not and time since vaccination. 
 

Parameters (n=651)  Number (n) Percentage (%) 
Gender Female 327 50.3 
 Male 324 49.7 
Age groups (years) 50-60 378 58.1 
 61-70 182 28.0 
 70+ 91 13.9 
Double dose CoronaVac - 167 25.7 

+ 484 74.3 
Time since vaccination 
(month) 

1-3 35 5.4 
4-6 75 11.5 
7-9 112 17.2 
10-12 186 28.6 
13-18 243 37.3 

Total   651 100 
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Figure 1:  Various lesions of COVID-19 RT-PCR positive patients whose CT images were retrospectively 
analyzed. a) Ground-glass images of the left lung with lingula septal thickening and air bronchograms b) 
Ground-glass images of the right lung with the sub-pleural location at the base and involvements 
accompanied by septal thickenings. c) Ground-glass images of peripheral subpleural and 
peribronchovascular in the upper lobe of the right lung. d) Central focal ground-glass view in the 
apicoposterior segment of the left lung upper lobe. e) Cobblestone images in the left lung basal. f) Ground-
glass densities accompanied by septal thickenings with widespread involvement in the lower lobe and right 
middle lobe of both lungs. g) Consolidation area with peripheral involvement in the right lung middle 
lateral segment. 
 
Chest CT images analysis: CT was taken to 
evaluate the general condition of the patient, aged 
50 years and older, whose RT-PCR test was 
positive, and to evaluate early lung involvement, 
in line with the sanctions of the NC Ministry of 
Health. Lung involvements according to chest CT 
results in vaccinated or unvaccinated patients 
were given in Table 2.  

While 34.5% of the vaccinated patients had 
lung involvement, 65.5% did not have any 
involvement in their lungs. It was found that the 
ratio of involvement in the lungs of vaccinated 
patients was significantly lower than the ratio of 
involvement in the lungs of unvaccinated patients 
(p < 0.01). Unilateral lung involvement was 

found in 13.8% of the vaccinated patients, and 
bilateral lung involvement in 34.7%. Bilateral 
involvement ratios in vaccinated patients were 
considerably lower than in unvaccinated patients 
(p < 0.05). While 11.6% of the vaccinated 
patients were involved in one lobe of the lung, 
involvement of more than one lung lobe was 
observed in 22.9%. (Table 2 and Figure 1). About 
10.8% of unvaccinated patients were involved in 
one lobe of the lung, while the involvement of 
more than one lobe of the lung was observed in 
37.7% of them. 14.5% of the vaccinated patients 
had unilateral lung involvement, while bilateral 
lung involvement was determined in 20.0% of 
them. It was determined that the ratio of 
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involvement of more than one lobe in the lungs of 
vaccinated patients was significantly lower than 

the rates of unvaccinated patients (p < 0.05). 

Table 2: Lung involvements according to chest CT results in vaccinated or unvaccinated patients. 
 
 

COVID-19 RT-PCR test positive 
patients (n=651) 

double-dose CoronaVac 
vaccine (n=484) 

no vaccine 
(n=167) 

p 

  n % n %  
Involvement Yes 167 34.5 81 48.5  
 No 317 65.5 86 51.5 0.01** 
Findings Normal 317 65.5 86 51.5  
 Unilateral 70 14.5 23 13.8  
 Bilateral 97 20.0 58 34.7 0.05* 
Affected lung lobe  None 317 65.5 86 51.5  

1 56 11.6 18 10.8  
1+ 111 22.9 63 37.7 0.05* 

*p < 0.05 and **, p < 0.001 vs vaccinated and unvaccinated positive patients 
 
It was determined that the ratio of lung 
involvement was almost the same in unvaccinated 
female and male patients (50.0% and 47.1%, 
respectively; Table 3). Similarly, the ratio of 
detecting any involvement in the lungs of 
vaccinated female and male patients was 
determined to be almost the same in both genders 
(52.9% and 50.0%, respectively). In vaccinated 
female patients, the ratio of lung involvement was 
29.8%. This ratio was 39.3% for vaccinated men 
(Table 3). 
It was found that the ratio of any involvement in 
vaccinated female patients was significantly 

lower than the ratio of involvement in vaccinated 
male patients (p < 0.05). The bilateral lung 
involvement ratio in vaccinated males was 
22.6%, while the ratio of bilateral lung 
involvement in unvaccinated males was 38.8%. 
The ratio of bilateral lung involvement in 
vaccinated females was 17.6% and 30.5% in 
unvaccinated females. It was determined that the 
bilateral involvement ratio in female and male 
vaccinated patients was significantly lower than 
the bilateral involvement ratio in unvaccinated 
female and male patients (p < 0.01 for females 
and p < 0.05 for males). 

 
Table 3: CT lung involvement in COVID-19 RT-PCR test-positive patients by gender. 
 

 Two doses CoronaVac vaccine 
                  + - 
Gender  female n (%) male n (%) female n (%) male n (%) 
Involvement 
 

+ 73 (29.8) 94 (39.3) 41 (50.0) 40 (47.1) 
- 172(70.2) + 145 (60.7) 41 (50.0) 45 (52.9) 

Findings unilateral 30 (12.2)  40 (16.7)  16 (19.5) 7 (8.2) 
bilateral 43 (17.6) ** 54 (22.6) * 25 (30.5) 33 (38.8) 

*p < 0.05 and **, p < 0.001 vs vaccinated and unvaccinated positive patients, +p < 0.05 vs gender 
 
The ratio of lung involvement in vaccinated and 
unvaccinated patients aged 50–60 years was 
27.9% and 53.3%, respectively (Table 4). 
Significantly less lung involvement was detected 
in double-dose CoronaVacvaccinated patients in 
the 50–60 age group compared to the 

unvaccinated patients (p < 0.01). In vaccinated 
patients aged 50–60 years, the bilateral lung 
involvement ratio was 14.3%, while it was 39.2% 
in unvaccinated patients. The ratio of bilateral 
involvement detected in vaccinated patients in the 
50–60 age group was found to be significantly 
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less than that in the unvaccinated patients (p < 
0.05). In vaccinated patients aged 61–70 years, 
the bilateral lung involvement ratio detected was 
26.9%, while it was 20.0% in unvaccinated 
patients. In vaccinated patients aged 71 and older, 
the bilateral involvement ratio detected was 

25.7%, while it was 29.4% in unvaccinated 
patients (Table 4). There was no significant 
difference between the age groups and the rates 
of bilateral lung involvement in patients who 
were vaccinated or unvaccinated. 

 
Table 4: CT lung involvement in COVID-19 RT-PCR test-positive patients by age groups. 
 

 Age groups (years) 
 50-60 

(n=378) 
61-70 
(n=182) 

70+ 

(n=91) 
Two doses 
CoronaVac 
vaccine 

+ 
n (%) 

- 
n (%) 

+ 
n (%) 

- 
n (%) 

+ 
n (%) 

- 
n (%) 

In
vo

lv
e

m
en

t  + 72 (27.9) 64 (53.3) 62 (40.8) 10 (33.3) 33 (44.6) 7 (41.2) 

- 186 (72.1)** 56 (46.7) 90 (59.2) 20 (66.7) 41 (55.4) 10 (58.8) 

Fi
nd

i
ng

s unilateral 35 (13.6) 17 (14.2) 21 (13.8) 4 (13.3) 14 (18.9) 2 (11.7) 
bilateral 37 (14.3)* 47 (39.2) 41 (26.9) 6 (20.0) 19 (25.7) 5 (29.4) 

*p < 0.05 and **, p <  0.01 vs vaccinated and unvaccinated positive patients 
 
When the model based on the relationship 
between age, gender, site of involvement and the 
time elapsed since vaccination was evaluated by 
regression analysis, the following results were 
obtained: the power of the model (R2) was 0.787 
and the significance was determined as p < 0.001. 
A positive correlation was found between the 
time since vaccination, gender (β= 0.103) and 
lung involvement (β= 0.652) and a negative 
correlation with age (β= -0.198) (Table 5). It was 
determined that the relationship between the time 
since vaccination and gender, the time of 
detection of COVID-19 positive in female 

patients was significantly later than in male 
patients (p < 0.01). When evaluating the 
relationship between the time since vaccination 
and age group, it was determined that the duration 
of being positive for COVID-19 in elderly 
patients was significantly earlier than in patients 
aged 50-60 years (p < 0.001). When the 
relationship between the time since vaccination 
and involvement finding was evaluated, it was 
determined that the bilateral involvement rate in 
patients with double-dose CoronaVac vaccine 
was significantly lower than in non-vaccinated 
patients (p < 0.001). 

 
Table 5: Results from the regression model. 
 

Independent Variables β t P 
Time since vaccination (Constant) 4.251 14.450 0.001 
Gender 0.103 3.539 0.01** 
Age -0.198 -6.987 0.001*** 
Involvement findings 0.652 23.081 0.001*** 
**p < 0.01 vs time since vaccination and gender, age and involvement findings 
***p <  0.001 vs time since vaccination age and involvement findings 
 
DISCUSSION 
 

After the declaration of the pandemic, different 
types of vaccine studies were started against 
COVID-19 infection. CoronaVac was the first 
type of vaccine used in the NC during this study. 

Individual vaccinations across the country were 
carried out in the following order: first to 
healthcare professionals, then to individuals 65 
and older, and individuals with chronic diseases. 
Phase 3 studies of double-doseCoronaVac show 
that it is 86% effective against death, 88-100% 
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effective against serious illness, and 65-85% 
effective against symptomatic disease in the 
general population (11). Reports from countries 
using CoronaVac highlight that individuals were 
still infected with the virus despite being 
vaccinated with two doses of CoronaVac (12, 13, 
15). 

In a study conducted in India between May 
and July 2021, the ratio of COVID-19 infection 
among individuals vaccinated with double-dose 
COVAXIN was 10% (16). In the current study, it 
was aimed to evaluate whether 651 patients with 
a positive COVID-19 RT-PCR test were 
vaccinated with double-dose CoronaVac and to 
evaluate the efficacy/protection of the double-
dose CoronaVac against the virus with images 
obtained from CT. In our study results, it was 
determined that 51.5% of unvaccinated patients 
and 65.5% of vaccinated patients did not have 
any lung involvement. It may be possible to say 
that double-dose CoronaVac reduced lung 
involvement. In addition, it was determined that 
the ratio of involvement in the bilateral lobes of 
the lung in vaccinated patients was significantly 
lower than the bilateral involvement ratio in 
unvaccinated patients. According to our findings, 
it may be possible to say that two doses of the 
CoronaVac prevent or protect against the 
involvement of the virus in the lungs. In our 
findings, it was determined that the ratio of 
involvement in the bilateral lobes of the lung in 
vaccinated patients was significantly lower than 
in unvaccinated patients. Based on this finding, it 
seems possible to suggest that the double-dose 
CoronaVac prevent double involvement in the 
lung. In our study, it was determined that the ratio 
of patients not having any involvement in the 
lungs of vaccinated female patients was higher 
than that of vaccinated males. The double dose of 
CoronaVac may have provided higher protection 
in females than in males. In the results of the 
study with CoronaVac, it is emphasized that there 
is a decrease in the antibody titer formed in the 
body in correlation with the increase in age (17). 
In our study, it was determined that the bilateral 
involvement ratio of the vaccinated patients in the 
50–60 age group was lower compared to the 
patients in other age groups. It can be interpreted 

as an indication that vaccination after the age of 
60 is ineffective.  

Although the RT-PCR method is considered 
the gold standard in the diagnosis of COVID-19, 
this method has a 10-40% false-negative 
probability. Therefore, chest CT is recommended 
for both diagnosis and treatment planning in 
addition to RT-PCR tests for individuals admitted 
to hospitals due to COVID-19 (18-21).  

It was reported that 56.4% of the 3062 
patients evaluated were male in a meta-analysis 
study (22). In our study result, it was determined 
that the number of COVID-19-(+) female 
(50.3%) patients was higher than the number of 
male (49.7%) patients, but this difference was not 
significant. Sharif et al., stated that bilateral lung 
involvement was detected in 5220 (78%) of the 
cases evaluated in the systematic review study 
conducted (23). In the same article, the ratio of 
involvement in more than one lung lobe was 
reported as 75%. A meta-analysis study stated 
that 25.8% of the patients had unilateral lung 
involvement and 75.7% had bilateral lung 
involvement (22). In a study evaluating 83 
unvaccinated pneumonia cases, the rate of 
bilateral involvement was found to be 95.2% 
(24). Radiological abnormalities increase over the 
disease course, and the typical peak is at 10-12 
days post-symptom initiation. At early stages or 
in mild disease, imaging may not reveal any 
pathology, but interestingly abnormal findings on 
imaging can be identified in some cases prior to 
symptom development or even prior to PCR RNA 
detection (25). 

In our results, bilateral involvement was 
detected in only 23.8% and unilateral 
involvement in 14.3% of COVID-19-(+) patients. 
Bilateral involvement ratio was found to be lower 
in vaccinated patients (20.0%) compared to 
unvaccinated (34.7%) patients. The fact that 
74.3% of vaccinated patients suggests that it may 
be effective in the low ratio of bilateral 
involvement seen in CT. These data support the 
argument that bilateral involvement is less in 
COVID-19-(+) cases with vaccinated pneumonia. 
Although it is obvious that the double-dose 
CoronaVac cannot completely prevent COVID-
19 infection, it is possible to say that double-dose 
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CoronaVac vaccinated individuals have a milder 
course of the disease and a lower incidence of 
pneumonia. 

In our study with vaccinated patients; only 
one of the left or right lung lobes were affected in 
75 patients, one and more lobes in 174 patients. 
In a study conducted at a time when vaccination 
had not yet started, when the rates of involvement 
in the lung lobes of patients who developed 
pneumonia were examined, 19 (30.2%) one lung 
lobe was affected, two lung lobes were affected 5 
(7.9%), three or more lung lobes were affected 39 
(61.8%) people were reported (19). In the same 
study, while the number of lobes affected by the 
virus in COVID-19-(+) individuals was 
determined as 3.3±1.8, this ratio was determined 
as 1.37±0.8 in vaccinated patients in our study. It 
may be possible to say that the involvement of the 
lung lobes in the case of COVID-19-(+) in 
vaccinated people was less than in unvaccinated 
patients. 

The efficacy ratio of CoronaVac is reported 
with different ratios in various countries in the 
literature. It was determined that lung 
involvement in the early stages of COVID-19 was 
less common in individuals vaccinated with 
double-dose CoronaVac. It was also determined 
that the protective effect of the vaccine on the 
lungs was higher in females than in males. 

Our study results include the first findings of 
NC, as well as the addition of a new one to the 
reports reporting the effects of double-dose 
CoronaVac vaccine on pneumonia cases with 
different results. The limitation of our research is, 
there remains a need for new studies that both 
include COVID-19 patients after September 15, 
2021 and determine the effectiveness of other 
vaccines arriving on the island later. 
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