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Abstract

Background: The rapid global spread of the coronavirus SARS-CoV-2 and the lack of established therapeutic cho-
ices led to development of several vaccines. Our aim was to investigate the safety and effectiveness of the Oxford-
-AstraZeneca adenovirus vectored vaccine against SARS-CoV-2 breakthrough infections in people who were vacci-
nated with 2 or 3 doses of it. Methods: This cross-sectional study was conducted from February 2021 to Septem-
ber 2021 on 997 people, who had received at least 2 doses of the Oxford-AstraZeneca vaccine. Demographic and
clinical data were recorded using a questionnaire. The effectiveness of the vaccine was calculated based on the
percentage of vaccinated people with confirmed and probable cases of SARS-CoV-2 infection. SPSS software was
used for data analysis, and a significance level of p < 0.05 was chosen. Results: After vaccination with the 2" and
3" doses, 355 (35.6%) and 26 (8.3%) participants contracted the SARS-CoV-2 infection, respectively. Breakthrough
infection after the 2" dose was significantly higher in females (p < 0.001), those with older age (p = 0.021), diabe-
tes (p = 0.003) and hypertension (p < 0.001). Additionally, a significant correlation was found between SARS-CoV-2
infection after the 3rd dose and chronic kidney disease (p = 0.022) and a history of infection after the second dose
(p < 0.001). The prevalence of vaccine side effects after the 2"¢ and 3™ doses was 51.7% and 13.4%, respectively.
Conclusions: The effectiveness of the Oxford-AstraZeneca vaccine in preventing SARS-CoV-2 increased from 64.4%
after 2 doses to 91.7% after the 3" dose, therefore it is recommended to administer a 3™ dose to ensure strong

immunity against SARS-CoV-2. Based on our data the safety of this vaccine is acceptable.
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Introduction

As of November 3" 2024 the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has infected 776.63 million
people and caused 7.071 million deaths globally [1]. Effective
long-term control of SARS-CoV-2 relies on achieving herd im-
munity within the population and vaccination is recommend-
ed as a safe and effective method to attain such immunity
[2-5]. Both the US Food and Drug Administration (FDA) and
the World Health Organization (WHO) guidelines state that
they will approve a new vaccine for a pandemic virus if it
demonstrates at least 50% efficacy [6-7]. In response, several
anti-SARS-CoV-2 vaccines were developed in a shorter time
[8]. Several studies have demonstrated that SARS-CoV-2 vac-
cines provide significant short-term protection, thus reducing
the severity of the disease and lowering mortality rates [9-11].

As suggested by its name, the Oxford-AstraZeneca vac-
cine ChAdOx1 nCoV-19 (AZD1222) was developed by Astra-
Zeneca and Oxford University. It is a chimpanzee adenoviral
vector vaccine primarily distributed in India, Brazil and the
United Kingdom [12-13]. This vaccine has demonstrated ac-
ceptable efficacy and safety in adults [14]. Due to its lower
cost and simpler logistical requirements compared to mRNA
vaccines, the Oxford-AstraZeneca (OAZ) vaccine has seen wid-
er use particularly in the low- and middle-income countries
of South America, Africa and Asia [9, 15]. Some studies have
shown that 1 and 2 doses of the OAZ vaccine are moderately
effective against mild coronavirus disease 2019 (COVID-19)
and highly effective against severe cases [13, 16-17]. The OAZ
vaccine’s effectiveness against symptomatic disease peaks at
~ 50%, while its effectiveness against hospitalization reach-
es 85-90% [16]. However, randomized controlled trials have
shown that the vaccine effectiveness waning over time, as
shown by decreased levels of neutralizing antibodies [18-19].
Breakthrough infections have also been reported in people
who received 2 doses of vaccine [18-19]. Another study in-
dicated that antibody levels following thePfizer—BioNTech
(mRNA), Moderna (mRNA) and OAZ vaccines can persist for
at least 6 months but tend to diminish over time [3]. Thus,
an urgent 3" dose of the SARS-CoV-2 vaccine is necessary to

control the increasing number of infections [20]. For instance,
some studies have demonstrated that a 3™ dose of the Pfiz-
er-BioNTech vaccine offers enhanced protection against in-
fection and reinforces the immunity achieved after the initial
2 doses [18, 21-22]. In the case of OAZ vaccine, most studies
on its efficacy and safety focus on the 1" and 2" doses, with
limited research on the booster dose’s effectiveness [15, 20].
Therefore, the aim of our study was to investigate in a sample
of Iranian people the efficacy of the OAZ vaccine in preventing
probable and confirmed COVID-19 breakthrough infections
within 6 months after the 2" and 3™ doses, to evaluate this
vaccine’s adverse effects and to explore the association be-
tween demographic and clinical variables to identify poten-
tial risk factors for COVID-19 breakthrough infections among
those vaccinated with that vaccine.

Material and methods

This cross-sectional study was conducted in collaboration
with Birjand University of Medical Sciences and healthcare fa-
cilities in the South Khorasan province (Iran). We enrolled 997
participants who were > 18 years of age and received at least
2 doses of the OAZ vaccine from February 2021 to Septem-
ber 2021. Exclusion criteria were: < 18 years of age, vaccina-
tion with a different vaccine type, dementia, pregnancy and
lacking of cooperation with the research staff. We performed
random cluster sampling. Then, the effectiveness of the OAZ
vaccine in preventing COVID-19 was evaluated in people who
received 2 doses of it.

Based on clinical manifestations, the 2020 interim WHO
guideline described patients with COVID-19 were classified
into 3 main groups: suspected case, probable case and con-
firmed case [23]. The guideline also allowed countries to
adapt these definitions based on their specific health and ep-
idemiological conditions [23-24]. Based on this WHO guide-
line, the Ministry of Health, Treatment and Medical Education
of the Islamic Republic of Iran issued its recommendations for
the treatment and control of SARS-CoV-2 infections and in our
study, patients were classified accordingly [25] (Table 1).

Table 1. Classification of SARS-CoV-2 infections used in this study and based on [25]

Suspected case
component.

A person with a history of dry cough, chills, sore throat, shortness of breath, fever
or severe respiratory symptoms that cannot be accounted for by another etiological

-glass opacities.
Probable case

test resultson record.

- Person with COVID-19 symptoms and radiological signs of pneumonia and ground-

- Patient with pneumonia whose condition worsens despite treatment.
- Patient who had symptoms similar to COVID-19 and died without any SARS-CoV-2 PCR

Confirmed case

SARS-CoV-2 infection confirmed with laboratory testing




Outcomes

The main outcome we assessed in this study was the rate
of SARS-CoV-2 breakthrough infection (defined as the per-
centage of vaccinated people who had confirmed or probable
SARS-CoV-2 infection) after vaccination with the 3" dose of
the OAZ vaccine and we compared it with the results after the
2" dose of the vaccine. In addition, the severity of infection
and the rate of hospital admissions were studied after each
vaccine dose. The safety outcome were the local and systemic
reactions that occurred within 14 days after each dose (re-
ported by participants using a questionnaire).

Data sources

Demographic details, contact numbers, addresses, the
type of COVID-19 vaccine administered, the total number of
doses received by each person and the intervals between vac-
cine doses were extracted from the Integrated Health System
(Samaneh Yekparche-ye Behdashti) in collaboration with the
Health and Treatment Deputy of Birjand University of Medical
Sciences. In the next stage, 997 people who met the inclusion
criteria were randomly selected. Next, we contacted them via
phone call and explained the purpose of the study and how
to participate. Those who gave their consent to participate
in this study were given a questionnaire containing 3 parts:
demographic and clinical information (e.g. age, sex, level of
education, occupation, weight, height, blood type), risk fac-
tors and habits (e.g. comorbidities, smoking, drug use) and
vaccination-related information (e.g. the number of vaccine
doses, symptoms after vaccination). Additional questions
were asked about history of SARS-CoV-2 infection before and
after vaccination, method of diagnosing SARS-CoV-2 infection
before and after vaccination.

Ethics and oversight

The study protocols and questionnaire were approved
by the Local Ethics Committee at each center. Informed con-
sent was obtained from all subjects involved in the study.
This study was carried out in accordance with the Helsinki
Declaration principles and approved by the University of Sis-
tan and Baluchestan ethics committee (approval ID: IR.USB.
REC.1400.105).

Statistical Analysis

After collecting and recording the raw data, we used the
IBM SPSS software version 26.0 (Armonk, NY, United States)
to calculate the Pearson’s chi-square test. The normality of
the data was checked using the Kolmogorov-Smirnov test.
Statistical differences between groups were determined using
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non-parametric tests (Mann-Whitney U test and Kruskal-Wal-
lis H test) due to its non-normal distribution. A significance
level of p < 0.05 was considered statistically significant. The
results were presented as mean + standard deviation (SD) and
frequency (percentage).

The demographic and clinical characteristics of the partic-
ipants are described in Table 2. Among the 997 participants
who were vaccinated with 2 doses of the OAZ vaccine, 536
(53.8%) were men, and 461 (46.2%) were women. The medi-
an age of the participants was 50.96 + 15.03 years and the age
range of subjects was between 20 and 96 years old. Among
the participants who had received 2 doses of the OAZ vaccine,
380 (38.1%) had comorbidities, most frequently hypertension
(20.8%) and diabetes mellitus (18.4%).

SARS-CoV-2 infection before and after
vaccination with the 2 and 3 doses

Among the people who received the 2" doses of the
vaccine, 29.6% had a history of SARS-CoV-2 infection before
vaccination. After the 2" dose, 355 (35.6%) participants were
infected within an average duration of 110.2 + 39.0 days. Only
3 (0.85%) participants needed hospitalization, whereas the
rest of them (n = 352, 99.15%) were treated at home. Ad-
ditionally, 313 (31.4%) participants were vaccinated with
3 doses of the OAZ vaccine. Among them, 26 people (8.3%)
contracted the SARS-CoV-2 infection after an average of
41.7 + 16.9 days following the 3™ dose of the vaccine and
none required hospitalisation (Table 3).

Effectiveness of the OAZ vaccine in pre-
venting SARS-CoV-2 infection

The effectiveness of the OAZ vaccine was calculated based
on the percentage of vaccinated people who were infected
with confirmed and probable cases of SARS-CoV-2 infection
after vaccination. Among the 355 participants who were diag-
nosed with SARS-CoV-2 after receiving the 2" vaccine dose,
96 (9.6%) were diagnosed with confirmed SARS-CoV-2 infec-
tion and 259 (26.0%) were diagnosed with probable SARS-
-CoV-2 infection. Likewise, out of the 26 participants who
were infected with SARS-CoV-2 after receiving the 3" vaccine
dose, 7 (2.2%) had confirmed SARS-CoV-2 infection, while
19 (6.1%) participants had probable SARS-CoV-2 infection.
These results indicate that the OAZ vaccine efficacy in pre-
venting COVID-19 has increased from 64.4% after the 2" dose
to 91.7% after the 3 dose (Table 3).
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Table 2. Demographic and clinical characteristics of the participants

Characteristics

People vaccinated with 2 doses

of the OAZ vaccine

People vaccinated with 3 doses
of the OAZ vaccine

Number (n,%)

997

313

Sex (n, %)

Females 461 (46.2%) 145 (46.3%)
Males 536 (53.8%) 167 (53.4%)
Missing data = 1 (0.3%)
Mean age (years) 50.96 + 15.03 53.41 £ 16.64
Age range (years) 20-96 20-86

Mean height (cm) 166.43 + 8.93 166.37 £ 9.32
Height range (cm) 145-195 145-190

Mean weight (kg) 70.33 £ 14.65 70.20 + 14.53
Weight range (kg) 30-163 30-120

Education* (n, %)

Illiterate

128 (12.8%)

53 (16.9%)

primary to secondary
school

506 (50.8%)

151 (48.2%)

university graduates

361 (36.2%)

108 (34.6%)

Missing data 2 (0.2%) 1 (0.3%)
Job* (n, %)

Unemployed 8 (0.8%) 1 (0.3%)
Manual laborer 52 (5.2%) 21 (6.7%)

Office worker

302 (30.3%)

84 (26.8%)

Housewife

310 (31.1%)

104 (33.2%)

Self-employed

176 (17.7%)

41 (13.1%)

Retired 131 (13.1%) 58 (18.6%)
Student 16 (1.6%) 4 (1.3%)
Missing data 2 (0.2%) 0 (0%)

Blood group* (n, %)

A+ 383 (38.4%) 120 (38.3%)
A- 23 (2.3%) 7 (2.2%)

B+ 231 (23.2%) 65 (20.8%)
B- 23 (2.3%) 11 (3.6%)

* Some of this data is missing.

+ Other underlying diseases included cancer, arthritis, liver diseases, autoimmune diseases, hyperthyroidism, hepatitis B and allergies.

CKD — chronic kidney disease
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Table 2. Demographic and clinical characteristics of the participants (continued)

Characteristics

People vaccinated with 2 doses

of the OAZ vaccine

People vaccinated with 3 doses

of the OAZ vaccine

AB+ 89 (8.9%) 28 (8.9%)
AB- 3 (0.3%) 1 (0.3%)
O+ 177 (17.8%) 61 (19.5%)
o- 30 (3%) 12 (3.8%)
Missing data 38 (3.8%) 8 (2.6%)

Comorbidities (n, %)

None

617 (61.9%)

183 (58.5%)

Hypertension

207 (20.8%)

81 (25.9%)

Diabetes mellitus

183 (18.4%)

63 (20.1%)

Cardiovascular diseases 101 (10.1%) 32 (10.2)
Hyperlipidemia 32 (3.2%) 9 (2.9%)
CKD 25 (2.6%) 8 (2.6)
Cardiopulmonary disease | 21 (2.1%) 5 (1.6)
Hypothyroidism 11 (1.1%) 3 (1%)
Othert 38 (3.8%) 12 (3.8%)

* Some of this data is missing.

* Other underlying diseases included cancer, arthritis, liver diseases, autoimmune diseases, hyperthyroidism, hepatitis B and allergies.

CKD — chronic kidney disease

Table 3. Demographic and clinical characteristics of the participants

2 doses ‘ 3 doses

Number of participants 997 313

History of SARS-CoV-2 infection before

the vaccination (%) ZEE 2ekE) —rmE e
Non-infectious cases (%) 642 (64.4) 287 (91.7)**
Confirmed infection (%) 96 (9.6) 7 (2.2)
Probable infection (%) 259 (26.0) 19 (6.1)
Total humber of infections (%) 355 (35.6)* | 26 (8.3)**
Average time to infection (days) 110.2 £ 39.0 | 41.7 £ 16.9
Hospitalisation (%) 3 (0.85) 0

Outpatient treatment (%) 352 (99.15) | 26 (100)

*Percentage of the total number (997 people).
**Percentage of the total number (313 people).

00
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Adverse effects

515 (51.7%) participants had 2 1 adverse effect after the
2" dose of the OAZ vaccine, the most common of which in-
cluded injection site pain (32.5%), fatigue (30.1%), cough
(28.7%) and fever (28.1%). Whereas 42 (13.4%) participants
had adverse effects after the 3™ dose of the vaccine, most
commonly injection site pain (10.2%), swelling at the injection
site (6.4%), local redness (4.2%) and cough (3.5%) (Table 4).

Analytical results

In our study we found that SARS-CoV-2 infection rates af-
ter 2 doses of the OAZ vaccine were significantly higher in fe-
males (p < 0.001), participants with comorbidities (p = 0.012),
particularly diabetes (p = 0.003) and hypertension (p < 0.001),
as well as among those working outside the home (p =0.021).
Additionally, the average age of the infected participants

Table 4. OAZ vaccine adverse effects by dose

was significantly higher than that of non-infected individuals
(p = 0.021). After vaccination with the 3" dose, the rate of
COVID-19 infection was significantly higher in participants
with chronic kidney disease (CKD) (p = 0.022) and those who
had a history of COVID-19 infection after the second dose of
the vaccine (p < 0.001) (Table 5).

Our analysis revealed a significant correlation between
confirmed and probable SARS-CoV-2 infection after 2 vacci-
nations with the age group (p = 0.008), occupation (p < 0.001)
and comorbidities (p < 0.001). However, no significant corre-
lation was observed among males and females (p = 0.106).
The highest number of confirmed and probable SARS-CoV-2
cases was reported in the group < 40 years and > 60 years
of age, respectively. Conversely, no significant difference was
observed in the subgroups (sex, age, employment, underlying
diseases) in terms of confirmed and probable infection after
the 3™ dose (Table 6).

After 2" dose After 3 dose

Number of participants with adverse effects (n, %) 515 (51.7%) 42 (13.4%)
Total number of adverse effects Range (1-4) Range (1-2)
Injection site pain 324 (32.5%) 32 (10.2%)
fatigue 280 (28.1%) 6 (1.9%)
cough 286 (28.7%) 11 (3.5%)
fever 280 (28.1%) 6 (1.9%)
anxiety and poor sleep quality 162 (16.2%) =

swelling 102 (10.2%) 20 (6.4%)
local redness 95 (9.5%) 13 (4.2%)
nausea 86 (8.6%) 3 (1%)
vomiting 27 (2.7%) 2 (0.6%)
diarrhea 36 (3.6%) -

smell and hearing disorders 22 (2.2%) -

loss of smell 15 (1.5%) -
lymphocytopenia 3 (0.3%) -
conjunctivitis 1 (0.1%) -
pulmonary involvement in CT scan images 10 (1%) -

CT — computer tomography



Table 5. Comparison of independent variables in the case of contracting and not contracting SARS-CoV-2 after the 2" and 3" doses of the

OAZ vaccine

Variable
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After the 2" dose

infection

After the 37 dose

o e[t icion [ eton

disease (%)

Age, (Mean £ SD) 51.17 £14.33 | 50.59 £ 16.25 | 0.021 54.81 £ 17.07 |53.28 £ 16.62 | 0.732
BMI, (Mean £ SD) 25.45 £ 4.66 25.14 £ 4.36 0.495 25.77 £ 3.70 25.30 £ 4.89 | 0.441
Days between the 15t
and 2™ doses, 82.44 + 14.89 | 82.66 = 8.90 | 0.113
(Mean £ SD)
Days between the 2™
and 3 doses, 131.63 + 16.33 | 33022 * 0.393
(Mean £ SD) ’
Sex
Male (%) 160 (45.1) 375 (58.6) 17 (65.4) 150 (52.4) 0.225
< 0.001
Female (%) 195 (54.9) 265 (41.4) 9 (34.6) 136 (47.6)
Education
Less than university
education (%) 226 (63.7) 408 (63.7) 18 (69.2) 186 (65.0)
0.978 0.830
University degree (%) | 129 (36.3) 232 (36.3) 8 (30.8) 100 (35)
Blood group
A (%) 131 (38.9) 276 (44.2) 13 (52.0) 114 (40.7)
B (%) 103 (30.6) 151 (24.2) 5 (20) 71 (25.4)
0.169 0.285
AB (%) 33 (9.8) 59 (9.5) 0 (0.0) 29 (10.4)
0 (%) 70 (20.8) 138 (22.1) 7 (28.0) 66 (23.6)
Rh
Positive (%) 303 (89.9) 578 (92.5) 22 (88.0) 252 (90.0)
0.182 0.729
Negative (%) 34 (10.1) 47 (7.5) 28 (12.0) 3 (12.0)
Comorbidities (%) | 154 (43.4) 226 (35.2) 0.012 |13 (50.0) 117 (40.8) 0.409
Diabetes Mellitus (%) | 83 (23.4) 100 (15.6) 0.003 |9 (34.6) 54 (18.8) 0.071
Cardiovascular
disease (%) 43 (12.1) 58 (9.0) 0.126 5 (19.2) 21 (80.8) 0.164
Hypertension (%) 97 (27.3) (17.2) < 0.001 | 8 (30.8) 73 (25.4) 0.640
Cancer (%) 4(1.1) 3 (0.5) 0.255 1 (3.8) 3(1.0) 0.294
SR T e 6 (1.7) 15 (2.3) 0.647 | 0(0.0) 5(1.7) 1.000

BMI —body mass index, CKD — chronic kidney disease, Rh — Rhesus (Rh) factor.
Statistically significant results are printed in bold.
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Table 5. Comparison of independent variables in the case of contracting and not contracting SARS-CoV-2 after the 2" and 3" doses of the

OAZ vaccine (continued)

After the 2" dose

After the 3™ dose

Variable
Arthritis (%) 1 (0.3) 2 (0.3) 1.000 0 (0.00) 1(0.3) 1.000
CKD (%) 10 (2.8) 15 (2.3) 0.675 3 (11.5) 5(1.7) 0.022
Hepatic (%) 4 (1.1) 4 (0.6) 0.465 0 (0.00) 1 (0.3) 1.000
Autoimmune (%) 3(0.8) 4 (0.6) 0.704 1 (3.8) 2 (0.7) 0.230
Hyperlipidemia (%) 14 (3.9) 18 (2.8) 0.351 2(7.7) 7 (2.4) 0.166
Hypothyroidism (%) | 2 (0.6) 9(1.4) 0.345 0 (0.00) 3 (1.0) 1.000
Hyperthyroidism (%) | 1 (0.3) 2 (0.3) 1.000 0 (0.00) 0 (0.00) =
Hepatitis B (%) 2 (0.6) 2 (0.3) 0.619 0 (0.00) 0 (0.00) =
Allergy (%) 2 (0.6) 2 (0.3) 0.619 0 (0.00) 3 (1.0) 1.000
History of COVID-19 before vaccination
Yes (%) 112 (31.5) 183 (28.5) 15 (57.7) 214 (74.6)

0.346 0.069
No (%) 243 (68.5) 459 (71.5) 11 (42.3) 73 (25.4)
History of COVID-19 after 2 doses of vaccine
Yes (%) 25 (96.2) 99 (34.5)

< 0.001

No (%) 1(3.8) 188 (65.5)
Job
Working outside the
home (%) 168 (47.4) 281 (43.8) 12 (46.2) 151 (52.6)

0.285 0.335
Working at home (%) | 185 (52.4) 361 (56.2) 14 (53.8) 136 (47.4)
Unemployed (%) 0 (0.0) 8 (1.2) 0 (0.00) 1 (0.3)
Manual laborer (%) 137 (38.8) 173 (26.9) 3 (11.5) 18 (6.3)
Office worker (%) 112 (31.7) 190 (29.6) 8 (30.8) 76 (26.5)

. 0.021 0.733
Housewife (%) 19 (5.4) 33 (5.1) 6 (23.1) 98 (34.1)
Self-employed (%) 48 (13.6) 128 (19.9) 3 (11.5) 38 (13.2)

Retired (%) 31 (8.8) 100 (15.6) 6 (23.1) 52 (18.1)
Student (%) 6 (1.7) 10 (1.6) 0 (0.00) 4 (1.4)

BMI — body mass index, CKD — chronic kidney disease, Rh — Rhesus (Rh) factor.
Statistically significant results are printed in bold.
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Table 6. Comparison of confirmed and probable coronavirus infection rates with various parameters after the 2" and 3" doses of the OAZ

vaccine

After the 2" dose

After the 3" dose

3 9 9 3 | 2| 8
3 2 ES 55 2 | ES | 58
< 5 | £3 §8 s | €8 | 88
> 2 O £ & £ e O£ a £
x Male 535 50 (9.3) 110 (20.6) 167 4(2.4) |13 (7.8)
- 0.106 0.592
Female 460 46 (10.0) | 149 (32.4) 145 3(2.1) [6(4.1)
20-39 189 29 (15.3) |60 (31.7) 69 3(4.3) [2(2.9)
()]
g‘ 40-59 549 50 (9.1) 109 (19.9) | 0.008 127 2(1.6) [9(7.1) |0.178
>60 259 17 (6.6) 90 (34.7) 117 2(1.7) |8(6.8)
o | Working outside
L 546 65 (11.9) | 120 (22.0) 150 5(3.3) [9(6.0)
; < 0.001 0.275
9 | At home 449 30 (6.7) 138 (30.7) 163 2(1.2) [10(6.1)
0
B |Yes 380 25 (6.6) 129 (33.9) 130 2 (1.5) |[11(8.5)
]
o < 0.001 0.185
o
g No 617 130 (11.5) [ 130 (21.1) 183 5(2.7) |8 (4.4)
o

Public trust and confidence in SARS-CoV-2 vaccines based
on assessments of their effectiveness are crucial for the long-
term success of vaccination. Due the emergency use author-
ization, the clinical trials and adverse effect investigations for
SARS-CoV-2 vaccines were significantly shorter than for other
vaccines. Therefore, it is vital to conduct large-scale studies
across populations of various countries to gain a better un-
derstanding of the SARS-CoV-2 vaccines' effectiveness [17].
Vaccine effectiveness is a measurement of disease incidence
reduction in vaccinated individuals compared to those who
are not vaccinated. This evaluation is typically performed un-
der optimal conditions (e.g. in clinical trials) and the results
can vary across populations [26]. Our results showed that the
OAZ vaccine’s effectiveness against breakthrough infections
and hospitalisation after the 2" dose was 64.4% and 99.15%,
respectively. In line with our results, in a study conducted in
Brazil, South Africa and the UK it was found that the effec-
tiveness of the OAZ vaccine against COVID-19 was 70.4% after
2 doses [16]. When a low dose was followed by a standard
dose, the efficacy increased to 90.0% [16]. In an Iraqi study,
6.71% of participants contracted the SARS-CoV-2 infection, as

determined by a positive PCR test, 14 days after vaccination
with the 2" dose of the OAZ vaccine, which is consistent with
the 9.6% confirmed cases in our study. Mirroring our findings,
none of the infected participants required hospitalisation and
no deaths were reported [27]. In contrast to our results, in
other studies, the overall efficacy against SARS-CoV-2 variants
after the 2" dose was higher: 73.73%, 74.0% in the United
States, Chile, and Peru and 84.4% in Iran, whereas the overall
efficacy against hospitalisation and death were lower than in
our study [10, 17, 28]. Another study from Iran indicates that
after vaccination with 2 doses of the OAZ vaccine, its maxi-
mum effectiveness in preventing regular hospitalisations and
deaths is around 98% and 92%, respectively. These findings
are consistent with ours [11]. Overall, the efficacy of the OAZ
vaccine after the 2" dose in our study was somewhat lower
compared to most previous studies. However, its estimated
efficacy in preventing hospitalisations was higher than in oth-
er studies. Factors such as study design, methodology, age
distribution, demographic characteristics and the increasing
prevalence of different SARS-CoV-2 variants all can influence
the results regarding the effectiveness of vaccines in different
studies [19].
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In our study, the effectiveness of the OAZ booster dose
against symptomatic disease and hospitalisation was 91.7%
and 100%, respectively. It was demonstrated in a group of
177 participants from Bangkok, Thailand that administering
either the OAZ or the Pfizer-BioNTech vaccine after 2 doses
of the inactivated vaccine (Sinovac) can induce an immune
response, including both IgA anti-spike and IFN-y stimulation
[20]. In the British population, the absolute effectiveness of
the Pfizer-BioNTech or Moderna booster against sympto-
matic disease ranged from 94% to 97%, consistently across
all age groups. For preventing hospitalisation or death, the
absolute effectiveness of the Pfizer-BioNTech booster was ap-
proximately 97% to 99% across all age groups [21]. A study
from England reported that the OAZ booster enhanced pro-
tection against symptomatic disease in both younger and
older adults, counteracting the decline in immunity observed
25 weeks after the 2" dose. Also, the booster doses of the
OAZ and Pfizer-BioNTech vaccines significantly increased pro-
tection against symptomatic disease following infection with
the Omicron variant of SARS-CoV-2, with effectiveness rates of
66.1% and 68.5% in older adults, respectively [15]. Addition-
ally, the protection against hospitalisation peaked at 82.3%
for OAZ and 90.9% for Pfizer-BioNTech [15]. Overall, previ-
ous studies indicate that a 3™ dose of an approved COVID-19
vaccine is effective in preventing COVID-19, including severe
cases [15, 20-21, 29]. This finding is supported by data from
the current study. However, there is limited information on
the actual effectiveness of 3™ doses across different vaccines.
The effectiveness of the third dose can vary depending on fac-
tors such as the specific vaccine used, the interval between
the second and third doses, population characteristics, study
design and the methods used to measure vaccine effective-
ness. Additionally, adjustments for vaccine effectiveness may
also influence the results [29].

Overall, participants in our study reported mild to moder-
ate adverse reactions that did not require hospitalisation nor
caused death. These findings align with those of other studies
[13, 28, 30]. In a study from Iraq the adverse effects after the
2" dose of the OAZ vaccine were reported in 12.45% of partic-
ipants, which was lower than in our study [27]. Additionally, in
the aforementioned study, the most common adverse effects
after the 2™ dose were fever, pain at the injection site and
myalgia, which is different than in our study [27]. In contrast
to other authors, we did not report any uncommon symptoms
e.g. excessive sweating, enlarged lymph nodes, loss of appe-
tite, confusion thrombosis and thrombocytopenia [4, 9, 15].
On the other hand, we reported less frequent adverse effects
e.g. conjunctivitis, lymphocytopenia, pulmonary involvement
(diagnosed in CT scan images), loss of smell and hearing dis-
orders, which have not been reported in other studies. In
a study from Iran, the most common adverse effects after the
2" dose of the OAZ vaccine were injection site pain (69.2%),

headache (46.2%), fever (38.5%) and local stiffness at the in-
jection site (23.1%). Additionally, 54.2% of the participants
reported > 1 adverse effect from the OAZ vaccine after the 2"
dose, which is consistent with the results of the present study
[30]. In a prospective cohort study Zare et al. showed that af-
ter the second dose of the OAZ vaccine the local symptoms
included pain (48.5%), tenderness (31.5%), firmness (6.3%)
and swelling (4.4%), whereas the systemic symptoms were
not life-threatening and included fever (43.3%), muscle pain
(45.9%), joint pain (34.4%), chills (37.0%) and malaise (36.7%)
[31]. The prevalence of fever in their study was higher than
in ours (43.3% vs 28.1%), but swelling was reported less than
in our study (4.4% vs 10.2% respectively). In another study,
Sinaei et al. reported that the most common side effects af-
ter the 2" dose of OAZ vaccine were injection site reaction
(22.2%), fever and chills (21.5%), neurological symptoms
(11.5%) and gastrointestinal symptoms (5%) [32]. Overall, ad-
verse events reported after the second dose in the current
study were relatively similar to those in most studies. Injec-
tion site pain and fever were the most commonly reported
adverse events after the 2"? dose of OAZ vaccine in all reports.

Studies on adverse effects after the 3™ dose of vaccines
are limited. Amer et al. reported that the prevalence of the
adverse effects after 1%, 2" and booster dose of the OAZ
vaccine was respectively 23%, 22% and 3%, which was signifi-
cantly different from our study [33]. Also, in contrast with our
study, Yadegarynia et al. reported the prevalence of vaccine
side effects increased after the 3™ dose compared to the sec-
ond dose of the OAZ vaccine (57.8% vs 48.2% respectively)
and the most common side effect after the 3™ dose of the
vaccine was myalgia (45.6%), followed by fever (39.9%), chills
(37.3%) and headache (29.1%) [34]. The differences in the re-
ported adverse effects can be attributed to the demograph-
ic and genetic characteristics of the studied population, the
sample size and the study design [27].

According to our results, SARS-CoV-2 infection after vacci-
nation with 2 doses of the OAZ vaccine was significantly asso-
ciated with female sex, older age, and having diabetes and hy-
pertension. Regarding the link between female sex and long
COVID syndrome, Bai et al. reported that over half of COV-
ID-19 patients experienced ongoing symptoms, with female
sex being a significant factor [35]. In contrast to our findings,
some studies have reported that the prevalence and severity
of COVID-19 are higher in men [36-38]. On the other hand,
Hossein et al. did not find significant relationship between
sex and the rate of SARS-CoV-2 infection after the 2" dose of
OAZ vaccine [27]. However, the effects of COVID-19 can vary
depending on factors such as socioeconomic status, ethnicity
and geographic location [5]. Numerous studies have demon-
strated a link between advanced age and comorbidities such
as diabetes, hypertension, and CKD with the incidence and
severity of COVID-19 [36-37, 39]. It is well-established that



patients with diabetes have a heightened risk of infections,
partly due to hyperglycemia-induced immune dysfunction
[39]. Researchers in Wuhan (China) identified hypertension
as the most prevalent comorbidity among COVID-19 patients,
followed by diabetes and coronary artery disease. Addition-
ally, older age was correlated with increased COVID-19 se-
verity and mortality [36]. In another study, it was found that
age 2 65, hypertension and diabetes were statistically more
common in critical patients compared to non-critical ones [38].
However, Hussein et al. did not observe any significant corre-
lation between age and post-vaccination infection rates [27].
Additionally, our results indicated that the incidence of con-
tracting SARS-CoV-2 after the 2" vaccine dose was higher
among individuals working outside the home compared to
those working at home. This is likely because they had a great-
er risk of exposure to viral particles due to their interactions
with other people, however more studies are needed to con-
firm this conclusion.

In our sample, the rate of SARS-CoV-2 infection after vac-
cination with the OAZ booster dose was higher in individu-
als who had a history of infection following the 2™ dose, as
well as in those with chronic kidney disease (CKD). In a study
by Hall et al., 7.6% of participants experienced a primary in-
fection and 0.6% experienced a secondary infection after
vaccination with the Pfizer BioNTech and OAZ vaccines [40].
Research from Belgium indicated that vaccinated individu-
als with a history of SARS-CoV-2 infection had a significantly
lower risk of new infections and symptoms, similarly to those
who received an mRNA booster dose [41]. These findings con-
trast with our results and a possible explanation for this could
be that individuals with a history of SARS-CoV-2 infection be-
fore receiving a booster vaccination were not very diligent in
following health protocols (e.g. social distancing and wearing
masks). Further studies are needed to confirm this hypothe-
sis.

Previous studies have demonstrated that patients with
CKD might experience elevated levels of pro-inflammato-
ry cytokines, resulting in increased oxidative stress during
a SARS-CoV-2 infection which can ultimately lead to pneu-
monia. Those studies have identified kidney diseases as a risk
factor for the severe course of COVID-19 [37-39]. In our study,
a significant relationship was observed between confirmed
and probable cases of COVID-19 infection after the 2" dose
of the vaccine and factors such as age, type of work and co-
morbidities. The majority of confirmed cases were reported
among individuals aged 20 to 39 years, those working outside
the home, and those without comorbidities. This could be be-
cause people in the above-mentioned group are among the
most active in the community and are more exposed to SARS-
-CoV-2. They are also more likely than older people with co-
morbidities to follow health protocols less carefully. However,
more studies are needed to confirm this theory.
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Limitations

Our study has some limitations. First, there is a lack of
a control group or comparisons with other vaccines. Second,
the weaknesses of the cross-sectional design of this study did
not allow us to assess incidence, to make a causal inference,
to follow up participants over time. In addition, our study is
susceptible to sampling bias (e.g. non-response bias and recall
bias). Third, we study included only participants > 18 years
old and excluded children, adolescents and pregnant women,
therefore our results may not be generalized to these pop-
ulations. We did not investigate cellular and humoral immu-
nity, which is another limitation in accurately assessing the
effectiveness of the OAZ vaccine against SARS-CoV-2. Further-
more, we did not evaluate the actual effectiveness of vaccines
against different strains of SARS-CoV-2. Self-reported data
about adverse effects may also be prone to error, particularly
because they were reported over a relatively short follow-up
period.

In our study sample the OAZ vaccine was effective in pre-
venting severe SARS-CoV-2 infection and hospitalisation af-
ter 2 doses. However, its effectiveness appears to decrease
about 3-4 months after the 2" dose, highlighting the need for
a booster dose. The booster dose of the OAZ vaccine showed
significant efficacy in preventing symptomatic infections and
hospitalisation compared to the 2" dose. Older age groups
with comorbidities (particularly diabetes and hypertension),
females and those at higher risk for SARS-CoV-2 exposure are
more likely to have symptomatic infection after the 2" dose.
Additionally, a history of COVID-19 after the 2" dose and CKD
are associated with a higher likelihood of symptomatic infec-
tion after the 3™ dose. Investigations into the adverse effects
of the vaccine after the 2"¢ and 3" doses showed that the OAZ
vaccine is safe. However, further studies involving larger pop-
ulations and more accurate testing are needed to generalize
these results.
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