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Abstract

Introduction: COVID-19 vaccination and its associated complications have been a controversial
issue worldwide. This study aimed to identify the determinants of infection leading to
hospitalization following COVID-19 vaccination in Chaharmahal and Bakhtiari Province.
Methods: In this case-control study, after screening records from 47,001 individuals, 260
hospitalized vaccinated individuals were selected as cases, while 130 vaccinated outpatients
and 130 healthy individuals were included as controls (n=520). Data were analyzed by Stata 17
using descriptive and inferential statistics, including univariate and multivariable analyses and
ordinal logistic regression models.

Results: Multivariable analyses revealed older age (>55 years, OR=11.08, P<0.001), female
gender (OR=0.45, P=0.002), prior infection (OR=292.7, P=0.001), and non-healthcare
occupations (OR=2.07, P=0.036) as significant risk factors for hospitalization, while being male
(OR=0.45, P=0.002) and a healthcare worker (OR=0.22, P=0.006) were protective. Moreover,
the Sinopharm (OR=2.40, P=0.012) and other vaccines (OR=2.54, P=0.036) were associated
with higher hospitalization risk compared to AstraZeneca. Additionally, the protective effect
of vaccination and underlying disease decreased over time (underlying disease HR=0.99,
P=0.014; homologous booster HR=0.99, P<0.001; heterologous booster HR=0.99, P=0.025).
Conclusion: Age, gender, comorbidities, recent hospitalization, and high-risk occupation
influenced COVID-19 hospitalization, while prior infection and vaccination provided temporary @
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protection, underscoring the need for targeted, time-sensitive interventions.
Keywords: COVID-19, COVID-19 vaccines, Risk factors, Hospitalization, Case-control studies

Introduction

The coronaviruses disease 2019 (COVID-19) pandemic
has had a profound impact on daily life and the health
system worldwide.! The rapid spread of the virus and
its high transmission rate have overwhelmed healthcare
systems, significantly burdening healthcare facilities
and professionals.? Global trends indicate an increase
in COVID-19 prevalence from 0.011 to 0.098, which is
concurrent with higher mortality rates in low-income
countries.® Public health interventions, such as social
distancing, mask-wearing, and vaccination campaigns,
have been implemented to mitigate the effect of this virus
on community health.* However, the effectiveness of these
measures varies across communities, underscoring the
importance of understanding the specific factors that shape

the impact of COVID-19 on community health.” Given that
this disease can seriously damage vital organs (lungs, brain,
and heart), increase the length of hospital stay, and increase
costs, vaccination was proposed as a serious solution. In
addition to limiting the disease’s epidemics and pandemics,
this prevention strategy led to reduced social restrictions
and job losses but improved social support for individuals.®
Vaccination is crucial for reducing infections and deaths
from COVID-19. First, vaccines help build immunity
against the virus, decreasing the likelihood that individuals
will contract the disease.” After receiving a COVID-19
vaccine, individuals develop antibodies that can neutralize
the virus upon subsequent exposure.® As more people are
vaccinated, the overall transmission rate decreases, resulting
in fewer infections and ultimately saving lives.’ Despite the
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effectiveness of COVID-19 vaccines in lowering the risk of
severe illness, hospitalization, and death, hospitalization
continues to pose a serious public health challenge !
because no vaccine is 100% effective, and breakthrough
infections can occur. Breakthrough infections refer to
cases where vaccinated individuals contract COVID-19
despite being fully vaccinated.'” Accordingly, knowing the
characteristics of hospitalized patients after vaccination
is crucial for several reasons. Firstly, it helps assess the
vaccine’s effectiveness in preventing severe COVID-19
and deaths.? Secondly, understanding the epidemiological
characteristics of COVID-19 among vaccinated patients is
essential for identifying potential vaccine-related adverse
effects.”* Rudolph et al reported that receivinga COVID-19
vaccine prior to infection was associated with a reduced risk
of developing post-COVID-19 conditions."* Another study
indicated that a considerable proportion of participants
experienced at least one adverse effect after vaccination.
The reported side effects were significantly associated with
gender, age, drug use, job, and the type of vaccine dose
received.” Although several studies have examined vaccine
effectiveness and post-vaccination outcomes, important
knowledge gaps remain regarding the epidemiological and
contextual factors related to COVID-19 hospitalization
after vaccination. Therefore, it was necessary to conduct
this research in order to better understand the determinants
of post-vaccination hospitalization and provide evidence to
support targeted prevention strategies, optimize healthcare
planning, and reduce the burden of severe COVID-19
outcomes among vulnerable populations. Accordingly,
serious attention should be paid to other related factors
in order to reduce health risks for people by controlling
these factors. Therefore, this study aims to determine the
epidemiological profile of COVID-19 hospitalizations and
analyze the relationship between relevant demographic,
clinical, and contextual factors and hospitalization
following COVID-19 vaccination in southwestern Iran.

Materials and Methods

Study Design and Setting

The present case-control study was conducted using
data from hospitals and health centers in Chaharmahal
and Bakhtiari Province in southwestern Iran. The dataset
included demographic information on individuals residing
in this province who referred to hospitals in this province
between April 2020 and March 2022. The outcome
considered in this study was the hospitalization status of
individuals with COVID-19 who were admitted to hospitals
in Chaharmahal and Bakhtiari Province.

Data Sources and Measurement

Vaccination data for all vaccinated individuals in
Chaharmahal and Bakhtiari Province were extracted from
the Integrated Health System (SIB) of the Ministry of Health
and subsequently linked with the provincial medical care
monitoring center (MCMC) database. Thus, the initial data
obtained for the patient group included 14,364 vaccinated
individuals, 3,537 of whom were outpatients and 10,840 of

whom were inpatients, from health centers in Chaharmahal
and Bakhtiari Province. Moreover, data for healthy
participants were collected using a structured checklist
administered in person and based on self-reporting. The
intended checklist consisted of demographic information,
vaccination and infection history, occupational status,
adherence to health protocols, and presence of underlying
diseases. For hospitalized and outpatient participants,
occupational information and adherence to protocols were
obtained via telephone interviews using contact details
from hospital medical records. Additionally, eligibility for
checklist participation required residence in the province
and self-reported absence of COVID-19 infection. All the
classifications of healthy individuals were, therefore, based
on checklist data.

Participants and Sampling

Initially, vaccination data were obtained from the national
SIB health information system and subsequently linked
with provincial MCMC hospital registry data to identify
vaccinated individuals who developed COVID-19
infection following vaccination. After data cleaning and
confirmation of vaccination status, 10,840 hospitalized
patients and 3,537 outpatient cases met the eligibility
criteria. From these groups, participants were selected by
simple random sampling in order to minimize selection
bias while enhancing representativeness.

This research was classified as a case-control study
because participants were selected based on the presence
or absence of the study outcome after vaccination. In
addition, the primary outcome was severe COVID-19
infection resulting in hospitalization. Further, individuals
experiencing this outcome were assigned to the case group,
while those without hospitalization constituted the control
group.

Participants were divided into cases, control group 1,
and control group 2. Cases were vaccinated individuals
who were hospitalized due to COVID-19 infection
(n=260). Control group 1 included vaccinated individuals
with outpatient COVID-19 infection who required no
hospitalization (n=130), and control group 2 encompassed
vaccinated individuals with no history of COVID-19
infection up to the time of data collection (n=130).

The primary comparison was between hospitalized and
non-hospitalized vaccinated individuals to identify factors
associated with severe COVID-19 outcomes following
vaccination.

Moreover, the extensive cohort of vaccinated individuals
identified through administrative databases constituted
the source population for this study rather than the final
analytical sample. Sample size reduction occurred in
multiple phases to ensure data quality and adherence to
eligibility criteria.

Initially, unvaccinated individuals and records
with incomplete linkage between vaccination and
hospitalization databases were excluded, and only those
who met the predefined post-vaccination interval criteria
were retained accordingly. From these eligible populations,
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random samples of hospitalized and outpatient participants
were selected for detailed data collection, which included
telephone interviews to obtain information on occupation
and adherence to preventive measures.

Furthermore, sample size estimation was based on the
variable of adherence to health protocols, with an assumed
65% and 80% adherence among cases and controls,
respectively, 80% statistical power, and a significance
level of 0.05. The minimum required sample size was 139
individuals. However, the number of hospitalized cases was
increased to 260 in order to enhance statistical power and
allow for multivariable analyses.

Eligibility Criteria

Eligible participants were individuals who had received
at least one dose of a COVID-19 vaccine, resided in
Chaharmahal and Bakhtiari Province, and had passed a
minimum of 14 days since the first vaccine dose or at least
7 days since the second or third dose at the time of infection
or study entry.'s Additionally, participants were required to
have accessible demographic and vaccination information.
However, individuals whose vaccination status could not
be verified through the integrated health information
systems or whose infection occurred before the specified
post-vaccination intervals were excluded from the study.

Risk of Bias

Multiple strategies were implemented to minimize
potential sources of bias. In addition, misclassification
bias was mitigated through deterministic linkage
between the SIB integrated health system and the MCMC
registry, enabling precise identification of vaccination
and hospitalization status. Likewise, selection bias was
differently managed among study groups; hospitalized
and outpatient participants were chosen via simple random
sampling from eligible registry populations in order to
avoid convenience sampling, whereas healthy vaccinated
individuals were enrolled through community-based
convenience sampling owing to the lack of a centralized
registry. To partially address this bias, recruitment was
conducted across several healthcare facilities, and strict
eligibility criteria were enforced. Further, non-response
bias was minimized by employing a predefined substitution
protocol, wherein participants who could not be contacted
after five attempts were replaced by randomly selecting
from the same eligible sampling frame within each study
group; thus, substitutions were determined via random
reselection rather than subjective judgment. Furthermore,
information bias was reduced through using standardized
questionnaires and trained interviewers, while analytical
bias was addressed by applying penalized regression
methods to accommodate sparse data and separation.

Data Collection Procedures

Data were collected in 2024 using linked administrative
databases and supplementary checklist-based methods.
Vaccination records were extracted from the national SIB
database and linked with the provincial MCMC registry to

Post-Vaccination COVID-19 infection leading_

confirm vaccination status and identify COVID-19-related
hospital admissions and outpatient visits.

Following the application of eligibility criteria and
database cleaning, participants for the hospitalized
and outpatient groups were selected by simple random
sampling from eligible registry populations. Additionally,
supplementary data not available in administrative records
(e.g., occupational status and adherence to preventive health
protocols) were collected through structured telephone
interviews. Moreover, contact information was obtained
from hospital medical records, and when necessary, direct
contact numbers were requested from family members or
companions. Likewise, participants unreachable after five
telephone attempts were classified as non-responders and
replaced through random reselection from the eligible
sampling frame.

Similarly, healthy controls were separately recruited, as
no centralized registry existed for vaccinated individuals
without prior COVID-19 infection. Community-based
convenience sampling was also employed to identify
eligible participants from healthcare facilities across
counties in Chaharmahal and Bakhtiari Province. For this
group, data were collected using a structured checklist that
was administered during face-to-face interviews, capturing
demographic characteristics, vaccination and infection
history, occupational exposures, adherence to preventive
measures, and underlying medical conditions. In addition,
eligibility criteria for the healthy control group included
provincial residence, confirmed vaccination history, and
self-reported absence of prior COVID-19 infection.

In Ardal and Lordegan, data were collected by a trained
research assistant, while in the remaining counties, the
principal investigator was responsible for this process.
Ultimately, standardized procedures and instruments
were implemented across all sites to ensure consistency
and minimize information bias.

Statistical Methods

Statistical analyses were conducted using Stata, version
17. Descriptive statistics for continuous variables were
presented as means and standard deviations, while
categorical variables were summarized as frequencies and
percentages across hospitalized patients, outpatients, and
healthy individuals. In addition, the primary case group
comprised hospitalized vaccinated patients (n=260), with
two control groups consisting of outpatient vaccinated
patients (n=130) and vaccinated healthy individuals
without a history of COVID-19 infection (n=130).
Moreover, binary analyses included comparisons between
hospitalized and healthy individuals (390 participants),
as well as between hospitalized and non-hospitalized
individuals (520 participants, including both outpatients
and healthy controls). Additionally, associations between
study variables and hospitalization were evaluated using
univariate and multivariable logistic regression models.
Further, penalized logistic regression was employed in
instances of sparse data or separation. Ordinal logistic
regression was also utilized to assess associations with
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the three-level outcome variable (healthy, outpatient, and
hospitalized). Furthermore, Cox proportional hazards
regression models were applied to evaluate infection-
free survival time following vaccination. Likewise, Firth’s
penalized maximum likelihood logistic regression was used
to address small-sample bias and separation caused by zero-
cell counts in subgroups of the “previous infection” variable
in the 390-participant dataset. Similarly, generalized
ordinal logistic regression models were employed for
ordinal regression analyses, allowing the estimation of
partial proportional odds models when the proportional
odds assumption was violated. For Cox regression,
extended Cox models were utilized, and the proportional
hazard assumption was assessed using Schoenfeld residuals.
Variables that violated this assumption were modeled as
time-varying covariates in order to permit interaction with
time and ensure accurate hazard ratio estimation.

Results

Descriptive Analysis

The mean participant age was 42.9+15.3 years, reflecting
considerable age variability. Further, the gender distribution
was nearly equal. Approximately 35% of participants
resided in the provincial capital, with the remainder living
in other cities. Furthermore, the majority of participants
(87.9%) reported no prior history of COVID-19 infection
(Table 1). The distribution of the main study variables is
tabulated in Table 1.

Based on the findings (Figure 1-A), the mean interval
between the last vaccine dose and subsequent infection was
longer among hospitalized patients (170 days) compared
to outpatients (120 days). Similarly, the mean interval
between the first vaccine dose and infection was 288 days
for hospitalized patients and 246 days for outpatients
(Figure 1-B). In addition, increasing the number of vaccine
doses was associated with longer infection-free intervals in
both groups, with the most pronounced effects observed
after the first and second doses and minimal differences
following the third and fourth doses (Figures 1-A and 1-B).

Logistic Regression Analyses: Sample 1 (n=390)
Univariate Analysis

Older age was associated with an increased likelihood of
hospitalization, whereas individuals aged 30-54 years had
lower odds than the 7-29-year reference cohort. Moreover,
male gender was significantly linked to a reduced risk
of hospitalization. Furthermore, homologous and
heterologous booster vaccination regimens were related to
diminished odds of hospitalization in univariate analysis. In
comparison to AstraZeneca, Sinopharm, and other vaccine
types were associated with greater odds of hospitalization.
Finally, there was an association between an increase in the
number of administered vaccine doses and a lower risk of
hospitalization (Table 2).

Multivariable Analysis
After adjusting for potential confounders, age>55 years
remained substantially related to an increased risk of

hospitalization, while male gender continued to exhibit
a protective effect. Additionally, healthcare workers
demonstrated significantly lower odds of hospitalization
compared to the reference occupational group. In the
adjusted model, vaccine type, booster status, mask usage,
alcohol consumption, and number of vaccine doses were
not markedly associated with hospitalization. Likewise,
estimates related to prior COVID-19 infection were
unstable due to the absence of previous infection among
healthy participants (Table 2).

Logistic Regression Analyses: Sample 2 (n=520)
Univariate Analysis

Univariate analysis indicated that advancing age was
associated with an increased risk of hospitalization,
although individuals aged 30-54 years had lower odds
of hospitalization compared to younger participants.
Further, male gender, residence in the provincial center,
and a history of previous COVID-19 infection were
linked to reduced hospitalization risk. Similarly, booster
vaccination and a greater number of vaccine doses were
related to protective effects. When compared to recipients
of the AstraZeneca vaccine, individuals vaccinated with
Sinopharm or other vaccine types demonstrated higher
odds of hospitalization. Likewise, within occupational
categories, unemployed individuals with high exposure
were at greater risk of hospitalization (Table 3).

Multivariable Analysis

In the multivariable model, being aged 30-54 years, male
gender, and a history of previous COVID-19 infection
remained significantly associated with reduced odds of
hospitalization. In addition, vaccination with Sinopharm or
other vaccines, compared with AstraZeneca, was related to
substantially higher odds of hospitalization. High-exposure
unemployed participants also exhibited increased risk of
hospitalization. Nonetheless, no significant associations
were observed for booster vaccination status, mask use,
alcohol consumption, number of vaccine doses, or presence
of comorbidities (Table 3).

Ordinal Logistic Regression

Ordinal logistic regression analysis was conducted with
a three-level outcome variable (hospitalized, outpatient,
and healthy). Individuals over 55 years of age exhibited
remarkably greater odds of experiencing more severe
disease, whereas those aged 30-54 years demonstrated
reduced odds relative to the 7-29-year reference group.
Moreover, male gender and employment in healthcare were
associated with lower odds of hospitalization or outpatient
infection. In the adjusted ordinal model, most vaccination-
related variables were not significantly related to disease
severity (Table 4).

Cox Regression (Time-to-Infection Analysis)

Cox regression has been used to assess the association of
each variable with infection-free time. While the infection-
free time was considered to be from the time of the last dose
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Table 1. Descriptive Characteristics of Study Variables in Three Groups: Inpatient, Outpatient, and Healthy

Healthy Outpatient Hospitalized Total
Variable Category n=130 n=130 n=260 N=520
Mean =SD/n (%) Mean+SD/n (%) Mean=SD/n (%) Mean=SD/n (%)
Age (years) Mean +SD 38.3+8.8 43.5+14.1 45.0+17.8 429+15.3
Female 48 (36.9) 62 (47.7) 149 (57.3) 259 (49.8)
Gender
Male 82 (63.1) 68 (52.3) 111 (42.7) 261 (50.2)
Shahrekord (provincial capital) 53 (40.8) 52 (40.0) 75 (28.8) 180 (34.6)
Residence
Other cities 77 (59.2) 78 (60.0) 185 (71.2) 340 (65.4)
No 130 (100.0) 76 (58.5) 251(96.5) 457 (87.9)
History of COVID-19
Yes 0(0.0) 54 (41.5) 9(3.5) 63 (12.1)
Only doses 1 and 2 72 (55.4) 67 (51.5) 178 (68.5) 317 (61.0)
Vaccination status Homologous boosters 45 (34.6) 40 (30.8) 65 (25.0) 150 (28.9)
Heterologous boosters 13 (10.0) 23 (17.7) 17 (6.5) 53 (10.2)
AstraZeneca 16 (12.3) 24 (18.5) 16 (6.2) 56 (10.8)
Vaccine type Sinopharm 101 (77.7) 87 (66.9) 213 (81.9) 401 (77.1)
Other 13 (10.0) 19 (14.6) 31(11.9) 63 (12.1)
1 dose 13 (10.0) 15 (11.5) 19 (7.3) 47 (9.0)
2 doses 59 (45.4) 52 (40.0) 159 (61.2) 270 (51.9)
Number of doses
3 doses 47 (36.2) 47 (36.2) 72 (27.7) 166 (31.9)
4 doses 11 (8.5) 16 (12.3) 10 (3.8) 37 (7.1)
Unemployed, low exposure 20 (15.4) 22 (16.9) 33(12.7) 75 (14.4)
Unemployed, high exposure 19 (14.6) 23 (17.7) 62 (23.8) 104 (20.0)
Occupation/exposure Healthcare workers 21(16.2) 6 (4.6) 16 (6.2) 43 (8.3)
Employed, high exposure 33(25.4) 33 (25.4) 50(19.2) 116 (22.3)
Employed, low exposure 37 (28.5) 46 (35.4) 99 (38.1) 182 (35.0)
Never 1(0.8) 3(2.3) 6(2.3) 10 (1.9)
ek e g e Sometimes 15 (11.5) 20 (15.4) 43 (16.5) 78 (15.0)
pandemic Often 45 (34.6) 47 (36.2) 68 (26.2) 160 (30.8)
Always 69 (53.1) 60 (46.2) 143 (55.0) 272 (52.3)
Never 4 (3.1) 11 (8.5) 14 (5.4) 29 (5.6)
Alcohol use during the Sometimes 35 (26.9) 38(29.2) 66 (25.4) 139 (26.7)
pandemic Often 38 (29.2) 44 (33.8) 80 (30.8) 162 (31.2)
Always 53 (40.8) 37 (28.5) 100 (38.5) 190 (36.5)
No 120 (92.3) 104 (80.0) 238 (91.5) 462 (88.8)
Comorbidities
Yes 10 (7.7) 26 (20.0) 22 (8.5) 58 (11.2)

Note. SD: Standard deviation; COVID-19: Coronavirus disease 2019.

of vaccine, the hazard ratio in the variable of history of to the occurrence of infection and the cumulative effect of

infection increased over time and changed from a variable
with a protective effect to a variable with a risk factor effect
(P=0.000, confidence interval [CI]: 0.00-0.99 n =390,
Table 5). This trend has been decreasing and significant
for the hazard ratio of the variables of the third and fourth
dose status compared to the first and second doses and
underlying diseases (P=0.000, CI: 0.00-1.99; P=0.035, CI:
0.00-1.99; P=0.002, CI: 0.00-1.98).

The same relationship was examined for a sample of
520, and the results (Table 6) revealed that the effect of
the variable of underlying diseases and the status of the
third and fourth doses was significant and decreasing over
time (P=0.014, CI: 0.001-0.99; P=0.000, CI: 0.001-0.99;
P=0.025, CI: 0.001-0.99). Due to the aforementioned
reasons related to calculating the interval from vaccination

vaccines on the occurrence of the outcome, both of these
analyses were performed using the Cox regression method
and based on the time interval from the first vaccination to
the occurrence of infection as an inpatient or an outpatient.

For the sample of 390, history of infection was
transformed from a variable with a protective effect to
a risk factor (P=0.041, CI: 1.00-1.01), and vaccine dose
transformed into a nearly ineffective variable (P=0.000,
CI: 1.00-1.01).

According to the data in Table 7, For the sample of 520
and based on the time free from infection since the first
vaccine injection, only the vaccine dose transformed over
time from a variable with a protective effect to a nearly
ineffective variable (P=0.000, CI: 1.00-1.01, Table 8). In
the Cox analysis, the median follow-up time was 275 and
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Table 2. Association of Variables With the Incidence of Hospitalization due to COVID-19, Univariate and Multiple Logistic Regression in 390 People

Variables Category Univariate OR (95% CI) P-Value Multivariable OR (95% CI) P-Value
Age (continuous) 1.03 (1.02-1.05) <0.001 - -

30-54 years 0.44 (0.24-0.80) 0.008 0.62 (0.32-1.20) 0.155
Age groups (7-29 years)

>55 years 4.40 (1.62-1.92) 0.004 11.08 (3.38-36.31) <0.001
Gender (Female) 0.44 (0.28-0.67) <0.001 0.45 (0.28-0.74) 0.002
Residence (other cities) 0.59 (0.38-0.92) 0.019 0.66 (0.39-1.10) 0.112
History of COVID-19 infection 9.86 (0.57-170.71) 0.116 292.71 (10.43-8215.16) 0.001
Booster status (only doses 1 Homologous booster 0.61(0.38-0.97) 0.036 0.48 (0.17-1.37) 0.171
and 2) Heterologous booster 0.40 (0.18-0.91) 0.029 0.36 (0.08-1.59) 0.178

Sinopharm 2.38(0.92-6.16) 0.073 1.29 (0.42-3.91) 0.656
Vaccine type (AstraZeneca)

Other vaccines 2.11(1.01-4.39) 0.046 2.02 (0.86-4.73) 0.104
Number of vaccine doses 0.74 (0.55-1.00) 0.048 1.03 (0.50-2.12) 0.928

Unemployed, high exposure 1.98 (0.93-4.21) 0.077 1.69 (0.72-3.97) 0.231
Occupation/exposure Healthcare workers 0.46 (0.20-1.09) 0.077 0.22 (0.07-0.64) 0.006
(unemployed, low exposure)  gryhioved, high exposure 0.92 (0.45-1.86) 0.813 0.90 (0.40-2.01) 0.797

Employed, low exposure 1.62 (0.83-3.17) 0.158 1.48 (0.69-3.17) 0.313
Mask use 0.99 (0.75-1.30) 0.926 0.95 (0.68-1.34) 0.785
Alcohol use 0.97 (0.76-1.23) 0.807 1.06 (0.78-1.44) 0.711
Comorbidities 1.11(0.51-2.42) 0.794 0.24 (0.08-0.72) 0.011

Note. COVID-19: Coronavirus disease 2019; Cl: Confidence interval; OR: Odds ratio.
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Table 3. Relationship of Variables With Incidence of Hospitalization due to COVID-19, Univariate and Multiple Logistic Regression in 520 Individuals

Variables Category Univariate OR (95% Cl) P-Value Multivariable OR (95% CI) P-Value
Age 1.02 (1.01-1.03) 0.002 - -
30-54 years 0.41 (0.24-0.67) 0.001 0.47 (0.27-0.83) 0.009
Age groups (7-29 years)
>55 years 0.32 (0.72-2.44) 0.370 1.60 (0.80-3.21) 0.184
Gender (Female) 0.55 (0.39-0.77) 0.001 0.49 (0.33-0.72) <0.001
Residence (other cities) 0.60 (0.42-0.86) 0.006 0.75 (0.50-1.15) 0.186
History of COVID-19 infection 0.14 (0.07-0.28) <0.001 0.13 (0.06-0.29) <0.001
Homologous booster 0.60 (0.40-0.88) 0.010 0.56 (0.25-1.26) 0.159
Booster status (only doses 1 and 2)
Heterologous booster 0.37 (0.20-0.68) 0.002 0.44 (0.15-1.30) 0.137
Sinopharm 2.83 (1.54-5.22) 0.001 2.40 (1.21-4.78) 0.012
Vaccine type (AstraZeneca)
Other vaccines 2.42 (1.13-5.19) 0.023 2.54 (1.06-6.06) 0.036
Number of vaccine doses 0.72 (0.57-0.91) 0.006 1.06 (0.62-1.82) 0.823
Unemployed, high 1.88 (1.03-3.43) 0.040 2.07 (1.05-4.10) 0.036
exposure
. Healthcare workers 0.75 (0.35-1.63) 0.472 0.92 (0.39-2.15) 0.844
Occupation/exposure (unemployed, )
low exposure) Employed, high 0.96 (0.54-1.73) 0.903 1.10 (0.57-2.13) 0.769
exposure (banking)
Employed, low 1.52 (0.88-2.61) 0.131 1.63 (0.89-3.00) 0.115
exposure
Mask use 1.01 (0.82-1.26) 0.913 0.88 (0.65-1.20) 0.429
Alcohol use 1.09 (0.90-1.31) 0.368 1.15(0.88-1.50) 0.300
Comorbidities 0.58 (0.33-1.01) 0.053 0.82 (0.41-1.64) 0.580
Note. COVID-19: Coronavirus disease 2019; Cl: Confidence interval; OR: Odds ratio.
Table 4. Association of Variables With the Incidence of Hospitalization due to COVID-19, Ordinal Logistic Regression
Variable OR P-Value 95% ClI
30-54 0.58 0.044 0.35-0.99
Age group (7-29 years)
>55 4.77 0.002 1.80-12.61
Gender 0.51 0.000 0.36-0.73
Residence (other cities) 0.74 0.100 0.51-1.06
History of COVID-19 infection 0.72 0.179 0.44-1.16
Homologous booster 0.55 0.098 0.27-1.12
Booster status (only doses 1and 2)
Heterologous booster 0.91 0.849 0.34-2.42
Vaccine type (AstraZeneca)
Sinopharm 0.89 0.704 0.48-1.64
Other vaccines 1.99 0.069 0.95-4.18
Number of vaccine doses 1.12 0.643 0.70-1.77
Unemployed, high exposure 1.78 0.061 0.97-3.26
Occupation/exposure (unemployed/low Healthcare workers 0.43 0.037 0.19-0.95
exposure) Employed, high exposure 1.1 0.728 0.63-1.96
Employed, low exposure 1.56 0.104 0.91-2.66
Mask use 0.85 0.230 0.65-1.11
Alcohol use 0.88 0.330 0.67-1.14
Comorbidities 1.60 0.224 0.75-3.39

Note. COVID-19: Coronavirus disease 2019; Cl: Confidence interval; OR: Odds ratio.

354 days from the last and first injection, respectively, in the
sample of 390 people, and 325 days from the last injection
and 329 days from the first injection in the sample of 520
individuals. In general, the time interval from the last
vaccine injection to the end of the study was 8-879 days,
and the time interval from the first injection to the end of
the study was 8-1110 days.

Discussion

In this study, increasing age was found to be a powerful
predictor of hospitalization following COVID-19
vaccination in Chaharmahal and Bakhtiari Province. The
mean age of hospitalized patients was 45.0 years, compared
with 43.5 years among outpatients and 38.3 years among
healthy individuals. This index was approximately 62 years
in the study by Menni et al, reporting it among individuals

Epidemiology and Health System Journal 2026;13(2) 71



Table 5. The Relationship Between the Time Interval Between the Last Vaccine Injection and Hospitalization and the Incidence of Hospitalization due to
COVID-19 in 390 Individuals

Variable HR P-Value 95% Cl
30-54 0.77 0.123 0.55-1.08
Age group (7-29 years)
>55 2.53 0.000 1.72-3.71
Gender (Female) 0.71 0.009 0.54-0.92
Residence (other cities) 0.79 0.103 0.59-1.05
History of COVID-19 infection 0.20 0.155 0.02-1.82
Homologous booster 3.54 0.002 1.61-7.78
Booster status (only doses 1 and 2)
Heterologous booster 3.43 0.062 0.94-12.51
Sinopharm 1.13 0.711 0.60-2.11
Vaccine type (AstraZeneca)
Other vaccines 1.47 0.151 0.87-2.48
Number of vaccine doses 0.85 0.442 0.57-1.28
Unemployed, high exposure 1.39 0.138 0.90-2.14
Occupation/exposure (unemployed, low Occupational therapy staff 0.50 0.044 0.26-0.98
exposure) Employed, high exposure 1.14 0.560 0.73-1.78
Employed, low exposure 1.29 0.217 0.86-1.93
Mask use 1.04 0.602 0.90-1.20
Alcohol use 0.97 0.719 0.81-1.16
Comorbidities 5.78 0.001 2.04-16.36
History of COVID-19 infection 1.02 0.001 1.01-1.03
Variable (time-varying)
Comorbidities 0.99 0.002 0.98-1.00
Homologous booster 0.99 0.000 0.99-1.00
Booster status (only doses 1 and 2)
Heterologous booster 0.99 0.035 0.99-1.00

Note. COVID-19: Coronavirus disease 2019; Cl: Confidence interval; HR: Hazard ratio.

Table 6. The Relationship Between the Variable Time Interval Between the Last Vaccine Injection and Hospitalization With the Incidence of Hospitalization due
to COVID-19 in 520 People

Variable HR P- Value 95% CI

30-54 0.74 0.081 0.53-1.04
Age group (7-29 years)

>55 2.35 0.000 1.60-3.45
Gender (Female) 0.68 0.003 0.53-0.88
Residence (other cities) 0.86 0.299 0.65-1.14
History of COVID-19 infection (baseline) 0.49 0.054 0.24-1.01

Homologous booster 3.65 0.001 1.69-7.91
Booster status (baseline, only doses 1 and 2)

Heterologous booster 3.47 0.032 1.11-10.85

Sinopharm 1.66 0.059 0.98-2.79
Vaccine type (AstraZeneca)

Other vaccines 1.44 0.246 0.78-2.67
Number of vaccine doses 0.77 0.187 0.53-1.13

Unemployed, high exposure 1.46 0.082 0.95-2.25
Occupation/exposure (unemployed, low Occupational therapy staff 0.78 0.436 0.42-1.45
exposure) Employed, high exposure 1.19 0.435 0.76-1.86

Employed, low exposure 1.40 0.097 0.94-2.09
Mask use 1.16 0.105 0.97-1.40
Alcohol use 0.80 0.031 0.65-0.98
Comorbidities (baseline) 3.75 0.002 1.61-8.73

Homologous booster 0.99 0.000 0.99-1.00
Booster status (time-dependent, Ref.: only doses 1 and 2)
Heterologous booster 0.99 0.025 0.99-1.00

Comorbidities (time-dependent) 0.99 0.014 0.99-1.00

Note. COVID-19: Coronavirus disease 2019; Cl: Confidence interval; HR: Hazard ratio.
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Table 7. The Relationship Between the Time Interval Between the First Dose of Vaccine and Hospitalization and the Incidence of Hospitalization due to

COVID-19 in a Sample of 390

Variable HR P-Value 95% CI
30-54 0.75 0.102 0.54-1.06
Age group (7-29 years)
>55 2.72 0.000 1.86-4.00

Gender (Female) 0.70 0.008 0.54-0.91
Residence (other cities) 0.78 0.094 0.58-1.04
History of COVID-19 infection (baseline) 0.74 0.814 0.06-8.69
Booster status (baseline, Ref.: only doses 1 Homologous booster 0.89 0.684 0.52-1.54
and2) Heterologous booster 0.79 0.562 0.35-1.77

Sinopharm 1.51 0.211 0.79-2.90
Vaccine type (AstraZeneca)

Other vaccines 1.91 0.023 1.10-3.33
Number of vaccine doses (baseline) 0.25 0.000 0.14-0.46

Unemployed, high exposure 1.34 0.195 0.86-2.08
Occupation/exposure Occupational therapy staff 0.59 0.110 0.31-1.13
(unemployed, low exposure) Employed, high exposure 1.16 0.517 0.74-1.81

Employed, low exposure 1.34 0.154 0.90-2.02
Mask use 1.05 0.477 0.91-1.22
Alcohol use 0.91 0.287 0.76-1.08
Comorbidities (baseline) 0.76 0.372 0.41-1.39
History of COVID-19 infection (time-dependent) 1.01 0.041 1.00-1.01
Number of vaccine doses (time-dependent) 1.00 0.000 1.00-1.01

Note. Cl: Confidence interval; COVID-19: Coronavirus disease 2019; HR: Hazard ratio.

Table 8. The Relationship Between the Variable Time Interval Between First Vaccine Injection and Hospitalization, and the Incidence of Hospitalization due to

COVID-19 in 520 Individuals

Variable HR P-Value 95% Cl

30-54 0.72 0.060 0.51-1.01
Age group (7-29 years)

>55 2.34 0.000 1.59-3.45
Gender (Female) 0.67 0.002 0.52-0.87
Residence (other cities) 0.85 0.247 0.64-1.12
History of COVID-19 infection (baseline) 0.55 0.093 0.27-1.10

Homologous booster 0.97 0.903 0.57-1.64
Booster status (baseline, ref: only doses 1 and 2)

Heterologous booster 0.77 0.502 0.36-1.65

Sinopharm 2.04 0.008 1.21-3.43
Vaccine type (AstraZeneca)

Other vaccines 1.84 0.055 0.99-3.41
Number of vaccine doses (baseline) 0.20 0.000 0.11-0.35

Unemployed, high exposure 1.50 0.062 0.98-2.31
Occupation/exposure (unemployed Occupational therapy staff 0.83 0.550 0.45-1.53
low exposure) Employed, high exposure 1.23 0.363 0.79-1.92
Employed, low exposure 1.43 0.081 0.96-2.13

Mask use 1.15 0.137 0.96-1.37
Alcohol use 0.81 0.037 0.66-0.99
Comorbidities (baseline) 1.16 0.520 0.73-1.85
Number of vaccine doses (time-dependent) 1.00 0.000 1.00-1.01

Note. COVID-19: Coronavirus disease 2019; Cl: Confidence interval; HR: Hazard ratio.

who contracted COVID-19 only after vaccination,
regardless of hospitalization status.”” In the study performed
by Hippisley-Cox et al, this index was 77 years among
hospitalized patients.”® A study conducted by Rzymski
et al, including people hospitalized for coronaviruses
disease after receiving at least one dose of the vaccine,
reported a mean age of 68 years.” This is consistent with

the established mechanisms of immune aging, including
reduced adaptive immune responsiveness, impaired
memory B cell formation, and chronic mild inflammation,
collectively reducing the durability of vaccine-induced
protection. From a comparative perspective, despite
differences in absolute age distributions across studies,
the consistent direction and magnitude of associations
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observed in multiple sources underscore that age-related
immune decline remains a principal determinant of severe
clinical outcomes, even in the post-vaccination era.

Male gender was consistently associated with a reduced
risk of hospitalization across all analytical approaches. This
observation contradicts the findings of the pre-vaccination
period, when male gender was typically linked to poorer
clinical outcomes, suggesting a possible alteration of gender-
related risk gradients following widespread vaccination.
One possible explanation is that vaccination may partially
mitigate biological differences related to gender, or interact
with behavioral and exposure patterns that vary by gender
in the post-vaccination context. This finding contrasts
with evidence from the pre-vaccination pandemic, where
male gender was typically linked with worse COVID-19
outcomes, or some studies have reported a higher risk of
hospitalization and death after vaccination in men.?*#
These results suggest that gender-based risk stratification
in the post-vaccination era may fundamentally differ from
early pandemic models. The finding of several studies are
consistent with those of our study, indicating a reduced risk
of hospitalization and COVID-19 severity among males.?>?*

Moreover, there was an association between prior
COVID-19 infection and hospitalization outcomes.
However, this result should be interpreted with caution,
as none of the healthy participants reported prior
infection, resulting in complete separation and unstable
odds ratio estimates in the regression models. As a result,
the extremely high odds ratio does not provide a reliable
measure of effect size. While prior infection may confer
temporary immunity, the current data do not permit
a stable estimation of its independent association with
hospitalization risk. However, the durability of this
protection and its interaction with vaccine-induced
immunity appear to be highly contingent upon the interval
since exposure and the specific circulating viral variants.
According to investigations, the odds ratio of experiencing
severe adverse events is higher among individuals with a
history of COVID-19 before vaccination than among
those without such a history.> Moreover, Li et al found
that prior severe acute respiratory syndrome coronavirus
2 infection, independent of the administered vaccine
platform, provided greater protective immunity against
sudden infection after vaccination.?

Moreover, our findings confirmed that increasing
the vaccine dose reduces hospitalization for the disease,
although this effect disappeared after controlling for
confounders. This attenuation demonstrates that vaccine-
induced protection exhibits temporal dynamics, with
immunity waning over time rather than following a
strictly camulative dose-response pattern. In a comparative
analysis of clinical outcomes during the early phase of the
pandemic, COVID-19 vaccination status was found to be
an important protective factor that was independently
associated with the reduced risks of hospitalization and
mortality.”” As shown in the time-variable Cox models,
vaccine dose changed from a protective variable to a nearly
ineffective variable over time. These findings corroborate

the immunological evidence of a decline in neutralizing
antibodies and a decrease in the memory response
months after vaccination. This pattern provides strong
epidemiological evidence of reduced vaccine-induced
immunity, particularly against severe outcomes, supporting
the interpretation that protection is temporally structured
rather than simply dose-structured. One study revealed
that vaccination decreased the risk of severe outcomes,
including the need for invasive ventilation and in-hospital
death, by about 50% within 12 months. Similarly, booster
doses within six months provided comparable protection,
sharply lowering the risk of in-hospital mortality.”

Additionally, our study results indicated that people
vaccinated with Sinopharm or other non-AstraZeneca
vaccines consistently showed higher risks of hospitalization,
with these effects being significant in the second sample and
in the ordinal models. Nonetheless, these findings should
be considered indicative rather than causal, as they may be
subject to confounding by indication, temporal variations
in vaccine deployment, and differences in population
characteristics among vaccine groups.

Likewise, the results of a study demonstrated that
COVID-19 vaccination reduced disease severity and
hospitalization, and that the Pfizer/BioNTech vaccine had
the highest effect on the B.1.1.7 and B.1.351 variants among
other vaccines.”

The findings revealed that occupations with high public
exposure (e.g., banking) were associated with a lower
likelihood of COVID-19 hospitalization. Healthcare
workers consistently indicated a protective effect in
multivariate and ordinal models, likely reflecting higher
vaccination coverage, better adherence to infection control
protocols, and earlier access to protective resources. This
could be due to their priority in the immunization and
vaccination process and greater adherence to protocols
among these individuals. In contrast, unemployed
individuals with high exposure and employed individuals
with low exposure displayed higher risks in some
models, suggesting that informal exposure patterns
and socioeconomic vulnerability may increase formal
occupational risk classifications. Agrawal et al, examining
high-risk occupations as a risk factor for COVID-19
hospitalization following vaccination, found that people in
high-risk jobs who were tested frequently (> 10 times) had
more than double the likelihood of COVID-19 infection
than those tested less often, reflecting higher exposure or
risk in these occupational settings.” Likewise, Bonde et al
investigated the effect of occupation on hospitalization
and concluded that some workers (e.g., physicians and
laboratory workers) were at high risk of hospitalization,
whereas midwives and physiotherapists did not face a
comparable level of risk.*

In this study, neither mask use nor alcohol consumption
showed a consistent or significant association with the
risk of hospitalization across models. However, some
studies reported that mask use can significantly reduce
the risk of infection, regardless of age. In general, to
assess the status of masks and their impact on disease
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transmission, a combination of factors, including
population effects, transmission characteristics, source
control, and sociological considerations, must be taken into
consideration.’"* This issue likely reflects limitations in
self-reported behavioral data, misclassification bias, and
the inability to capture the quality, consistency, and context
of preventive behaviors. Although these findings do not
negate the protective value of masks at the population level,
they highlight methodological challenges in accurately
measuring behavioral exposures in observational studies.
At the individual level, these measures are especially
vulnerable to misclassification, potentially attenuating true
associations, even when effectiveness at the population level
is well established.

Comorbidities demonstrated inconsistent patterns
across models. In some multivariate and Cox analyses,
comorbidities were associated with increased hospitalization
risk, whereas in other analyses, they appeared protective
or neutral. Based on the findings of one study, patients
with five or more comorbidities were 4.24 times more
likely (95% CI: 3.34-5.39) to experience severe COVID-19
outcomes.” Research has shown that while comorbidity
can be a determining factor in hospitalization and disease
severity, the type of disease is an influential factor as well.**
These inconsistencies suggest that comorbidities may act
through complex mediating pathways, rather than as
simple independent risk factors.

Limitations of the Study

This study is subject to several limitations. Although
multivariable models were employed, residual confounding
may persist due to unmeasured variables, such as
smoking, detailed patterns of alcohol consumption, and
socioeconomic status. Furthermore, potential confounding
among correlated variables (e.g., occupation, vaccination
type, and exposure level) cannot be entirely excluded.
In addition, interaction effects between key variables
(e.g., age, gender, vaccination status, and comorbidities)
were not formally examined, owing to limited statistical
power within certain strata; consequently, possible effect
modification may be present but was not quantified in
this study. Likewise, the study’s restriction to a single
province may have limited the generalizability of our
findings. Additionally, migration or changes in residence
were not comprehensively tracked, which could introduce
information bias. Finally, the small number of participants
with specific comorbidities precluded subgroup analyses
by disease type, necessitating aggregation into a single
variable.

Conclusion

The findings of this study indicated that post-vaccination
COVID-19 hospitalization cannot be sufficiently attributed
to isolated risk factors; instead, it results from a complex
interplay among host susceptibility, exposure context, and
the temporal dynamics of vaccine-induced immunity.
The findings suggest that risk stratification following
vaccination should move beyond static demographic

Post-Vaccination COVID-19 infection leadi_

categorizations toward integrated models that account for
time since vaccination, intensity of exposure, and baseline
health status.

From a public health perspective, these findings reveal
the necessity of dynamic rather than static prioritization
strategies. Specifically, the waning of vaccine-induced
protection over time indicates that immunity is not
permanent and should be bolstered through timely
booster programs targeted at high-risk populations, rather
than based on uniform, population-wide assumptions.
Additionally, the heterogeneity observed across
occupational and clinical subgroups suggests that exposure
classification based solely on job title is inadequate for
informing prevention strategies, representing the need for
more nuanced exposure assessment frameworks.

Acknowledgements

This article was derived from a thesis that was approved by the
Research and Technology Deputy of Shahid Beheshti University
of Medical Sciences. Hereby, the researchers gratefully thank the
patients who participated in this study. In addition, the authors would
like to thank the Ministry of Health and Medical Education of Iran
and National Institutes for Medical Research Development (NIMAD)
which supported us with their services (Grant number 4001009).

Authors’ Contribution

Conceptualization: Kosar Farhadi Babadi and Seyed Saeed Hashemi
Nazari

Data Curation: Amir Kavousi

Formal Analysis: Amir Kavousi, Seyed Saeed Hashemi Nazari
Funding Acquisition: Seyed Saeed Hashemi Nazari, Koorosh Etemad
Investigation: Kosar Farhadi Babadi

Methodology: Ali Ahmadi

Project Administration: Kosar Farhadi Babadi

Resources: Seyed Saeed Hashemi Nazari

Software: Ali Ahmadi

Supervision: Seyed Saeed Hashemi Nazari

Validation: Kosar Farhadi Babadi

Visualization: Kosar Farhadi Babadi and Seyed Saeed Hashemi
Nazari

Writing—Original Draft: Kosar Farhadi Babadi, Mohadeseh Karimian
Writing-Review & Editing: All authors

Competing Interests
The authors declared there is no conflict of interests.

Ethical Approval

None of the data were reported with the individual characteristics
of participants. This study was approved by the Ethics Committee
of Shahid Beheshti University of Medical Sciences (IR.SBMU.PHNS.
REC.1402.020).

Funding

This work was financially supported by the National Institute for
Medical Research Development (NIMAD), under grant number :
4001009.

Intelligence Use Disclosure

During the preparation of this manuscript, the author(s) employed
Grammarly and ChatGPT for language editing, grammatical editing,
summarization, or conceptual clarification. All content generated
with the assistance of these tools was precisely reviewed, validated,
and revised by the author(s) in order to ensure accuracy, originality,

Epidemiology and Health System Journal 2026;13(2) 75



and scholarly rigor. The author(s) assume full responsibility for the
integrity and final content of the published articles.

References

1.

12.

Naveed N, Ahmad K, Majeed H, Qureshi K, Ahmad I, Awan
MF, et al. The global impact of COVID-19: a comprehensive
analysis of its effects on various aspects of life. Toxicol Res
(Camb) 2024;13(2): tfae045. doi:10.1093/toxres/tfae045
Chakraborty I, Maity P. COVID-19 outbreak: migration, effects
on society, global environment and prevention. Sci Total Environ
2020;728:138882. doi:10.101 6/j.scitotenv.2020.138882

Du J, Lang HM, Ma Y, Chen AW, Qin YY, Zhang XP, et al.
Global trends in COVID-19 incidence and case fatality rates
(2019-2023): a retrospective analysis. Front Public Health
2024;12:1355097. doi:10.3389/fpubh.2024.1355097

Mallah SI, Ghorab OK, Al-Salmi S, Abdellatif OS, Tharmaratnam
T, Iskandar MA, et al. COVID-19: breaking down a global
health crisis. Ann Clin Microbiol Antimicrob 2021;20(1):35.
doi:10.1186/s12941-021-00438-7

Katikireddi SV, Lal S, Carrol ED, Niedzwiedz CL, Khunti K,
Dundas R, et al. Unequal impact of the COVID-19 crisis
on minority ethnic groups: a framework for understanding
and addressing inequalities. ] Epidemiol Community Health
2021;75(10):970-4. doi:10.1136/jech-2020-216061

Zanwar PP, Sasson C, Heyn PC, Pinto SM, Magasi S, Hirsch MA,
et al. The COVID-19 vaccine: why should i get the vaccines
and the boosters? Arch Phys Med Rehabil 2023;104(5):843-6.
doi:10.1016/j.apmr.2022.10.016

Mohammed I, Nauman A, Paul P, Ganesan S, Chen KH, Jalil
SM, et al. The efficacy and effectiveness of the COVID-19
vaccines in reducing infection, severity, hospitalization, and
mortality: a systematic review. Hum Vaccin Immunother
2022;18(1):2027160. doi:10.1080/21645515.2022.2027160
Han X, Xu P, Ye Q. Analysis of COVID-19 vaccines: types,
thoughts, and application. J Clin Lab Anal 2021;35(9): €23937.
doi:10.1002/jcla.23937

Krause PR, Fleming TR, Longini IM, Peto R, Briand S, Heymann
DL, et al. SARS-CoV-2 Variants and Vaccines. N Engl ] Med
2021;385(2):179-86. doi:10.1056/NEJMsr2105280

Marks K], Whitaker M, Anglin O, Milucky J, Patel K, Pham
H, et al. Hospitalizations of children and adolescents with
laboratory-confirmed COVID-19 - COVID-NET, 14 states,
July 2021-January 2022. MMWR Morb Mortal Wkly Rep
2022;71(7):271-8. doi:10.15585/mmwr.mm7107e4

Halasa NB, Olson SM, Staat MA, Newhams MM, Price
AM, Pannaraj PS, et al. Maternal vaccination and risk of
hospitalization for COVID-19 among infants. N Engl ] Med
2022;387(2):109-19. doi:10.1056/NEJM0a2204399

Andrews N, Stowe J, Kirsebom F, Toffa S, Sachdeva R, Gower
C, et al. Effectiveness of COVID-19 booster vaccines against
COVID-19-related symptoms, hospitalization and death in
England. Nat Med 2022;28(4):831-7. doi:10.1038/s41591-
022-01699-1

Buckner JH, Chowell G, Springborn MR. Dynamic prioritization
of COVID-19 vaccines when social distancing is limited for
essential workers. Proc Natl Acad Sci U S A 2021;118(16):
€2025786118. doi:10.1073/pnas.2025786118

Rudolph AE, Al Akoury N, Bogdanenko N, Markus K, Whittle
I, Wright O, et al. Factors affecting the impact of COVID-19
vaccination on post COVID-19 conditions among adults:
a systematic literature review. Hum Vaccin Immunother
2025;21(1):2474772. doi:10.1080/21645515.2025.2474772
Siraj EA, Yayehrad AT, Yilma Z, Getahun T, Melaku MS,
Bizuneh GK, et al. Post COVID-19 vaccination side effects
and associated factors among vaccinated clients in Bahir Dar
city, Ethiopia. SAGE Open Nurs 2023;9:23779608231172358.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

doi:10.1177/23779608231172358

Antonelli M, Penfold RS, Merino J, Sudre CH, Molteni E, Berry
S, et al. Risk factors and disease profile of post-vaccination
SARS-CoV-2 infection in UK users of the COVID Symptom
Study app: a prospective, community-based, nested, case-
control study. Lancet Infect Dis 2022;22(1):43-55. doi:10.1016/
s1473-3099(21)00460-6

Menni C, Klaser K, May A, Polidori L, Capdevila J, Louca P,
et al. Vaccine side-effects and SARS-CoV-2 infection after
vaccination in users of the COVID Symptom Study app in
the UK: a prospective observational study. Lancet Infect Dis
2021;21(7):939-49. doi:10.1016/s1473-3099(21)00224-3
Hippisley-Cox J, Coupland CA, Mehta N, Keogh RH, Diaz-
Ordaz K, Khunti K, et al. Risk prediction of COVID-19 related
death and hospital admission in adults after COVID-19
vaccination: national prospective cohort study. BMJ 2021;374:
n2244. doi:10.1136/bmj.n2244

Rzymski P, Pazgan-Simon M, Simon K, tapinski T, Zarebska-
Michaluk D, Szczepanska B, et al. Clinical characteristics of
hospitalized COVID-19 patients who received at least one
dose of COVID-19 vaccine. Vaccines (Basel) 2021;9(7):781.
doi:10.3390/vaccines9070781

Giacomelli A, De Falco T, Oreni L, Pedroli A, Ridolfo AL,
Calabro E, et al. Impact of gender on patients hospitalized for
SARS-COV-2 infection: a prospective observational study. J
Med Virol 2021;93(7):4597-602. doi:10.1002/jmv.26933
Costa GJ, da Silva Junior JR, da Silva CC, de Lima TP, Costa
MM, Sousa MH, et al. Risk factors for death and illness severity
in vaccinated versus unvaccinated COVID-2019 inpatients:
a retrospective cohort study. J Bras Pneumol 2023;49(4):
€20230145. doi:10.36416/1806-3756/€20230145

Free RJ, Patel K, Taylor CA, Sachdev D, Kawasaki B, Meek J,
et al. Hospitalization for COVID-19 and risk factors for severe
disease among children: 2022-2024. Pediatrics 2025;156(3):
€2025072788. doi:10.1542/peds.2025-072788

Gomez JMD, Du-Fay-de-Lavallaz JM, Fugar S, Sarau A,
Simmons JA, Clark B, et al. Sex differences in COVID-19
hospitalization and mortality. ] Womens Health (Larchmt)
2021;30(5):646-53. doi:10.1089/jwh.2020.8948

Suleyman G, Fadel R, Brar |, Kassab R, Khansa R, Sturla N, et
al. Risk factors associated with hospitalization and death in
COVID-19 breakthrough infections. Open Forum Infect Dis
2022;9(5): ofac116. doi:10.1093/ofid/ofac116

Tompkins LK, Baggs J, Myers TR, Gee JM, Marquez PL, Kennedy
SB, et al. Association between history of SARS-CoV-2 infection
and severe systemic adverse events after mMRNA COVID-19
vaccination among US adults. Vaccine 2022;40(52):7653-9.
doi:10.1016/j.vaccine.2022.10.073

Li LL, Zheng C, La J, Do NV, Monach PA, Strymish JM, et
al. Impact of prior SARS-CoV-2 infection on incidence
of hospitalization and adverse events following mRNA
SARS-CoV-2 vaccination: a nationwide, retrospective
cohort study. Vaccine 2022;40(8):1082-9. doi:10.1016/j.
vaccine.2022.01.026

Gardufo-Orbe B, Palma-Ramirez PS, Lépez-Ortiz E, Garcia-
Morales G, Sanchez-Rebolledo JM, Emigdio-Loeza A, et al.
Impact of COVID-19 vaccination on hospitalization and
mortality: a comparative analysis of clinical outcomes during
the early phase of the pandemic. Infect Dis Rep 2025;17(4):74.
doi:10.3390/idr17040074

Voké Z, Tari G, Oroszi B, Belicza E, Kovats T, Miller V, et al.
Association between COVID-19 vaccination and progression to
severe outcomes in hospitalized COVID-19 patients in Hungary
during the pre-Omicron era of the COVID-19 pandemic. Virus
Res 2025;361:199633. doi:10.1016/j.virusres.2025.199633
Agrawal U, Katikireddi SV, McCowan C, Mulholland RH,

76

Epidemiology and Health System Journal 2026;13(2)


https://doi.org/10.1093/toxres/tfae045
https://doi.org/10.1016/j.scitotenv.2020.138882
https://doi.org/10.3389/fpubh.2024.1355097
https://doi.org/10.1186/s12941-021-00438-7
https://doi.org/10.1136/jech-2020-216061
https://doi.org/10.1016/j.apmr.2022.10.016
https://doi.org/10.1080/21645515.2022.2027160
https://doi.org/10.1002/jcla.23937
https://doi.org/10.1056/NEJMsr2105280
https://doi.org/10.15585/mmwr.mm7107e4
https://doi.org/10.1056/NEJMoa2204399
https://doi.org/10.1038/s41591-022-01699-1
https://doi.org/10.1038/s41591-022-01699-1
https://doi.org/10.1073/pnas.2025786118
https://doi.org/10.1080/21645515.2025.2474772
https://doi.org/10.1177/23779608231172358
https://doi.org/10.1016/s1473-3099(21)00460-6
https://doi.org/10.1016/s1473-3099(21)00460-6
https://doi.org/10.1016/s1473-3099(21)00224-3
https://doi.org/10.1136/bmj.n2244
https://doi.org/10.3390/vaccines9070781
https://doi.org/10.1002/jmv.26933
https://doi.org/10.36416/1806-3756/e20230145
https://doi.org/10.1542/peds.2025-072788
https://doi.org/10.1089/jwh.2020.8948
https://doi.org/10.1093/ofid/ofac116
https://doi.org/10.1016/j.vaccine.2022.10.073
https://doi.org/10.1016/j.vaccine.2022.01.026
https://doi.org/10.1016/j.vaccine.2022.01.026
https://doi.org/10.3390/idr17040074
https://doi.org/10.1016/j.virusres.2025.199633

30.

31.

Azcoaga-Lorenzo A, Amele S, et al. COVID-19 hospital
admissions and deaths after BNT162b2 and ChAdOx1 nCoV-
19 vaccinations in 2-57 million people in Scotland (EAVE II): a
prospective cohort study. Lancet Respir Med 2021;9(12):1439-
49. doi:10.1016/s2213-2600(21)00380-5

Bonde JP, Sell L, Flachs EM, Coggon D, Albin M, Oude
Hengel KM, et al. Occupational risk of COVID-19 related
hospital admission in Denmark 2020-2021: a follow-up study.
Scand ) Work Environ Health 2023;49(1):84-94. doi:10.5271/
sjweh.4063

Hamimes A, Lounis M, Aouissi HA, Roufayel R, Lakehal A,

32.

33.

Bouzekri H, et al. The role of vaccination and face mask wearing
on COVID-19 infection and hospitalization: a cross-sectional
study of the MENA region. Healthcare (Basel) 2023;11(9):1257.
doi:10.3390/healthcare11091257

Howard ], Huang A, Li Z, Tufekci Z, Zdimal V, van der
Westhuizen HM, et al. An evidence review of face masks
against COVID-19. Proc Natl Acad Sci U S A 2021;118(4):
€2014564118. doi:10.1073/pnas.2014564118

Kénig S, Vaskyte U, Boesing M, Liithi-Corridori G, Leuppi
JD. The role of comorbidities in COVID-19 severity. Viruses
2025;17(7)):957. doi: https://doi.org/10.3390/v17070957

Epidemiology and Health System Journal 2026;13(2) 77


https://doi.org/10.1016/s2213-2600(21)00380-5
https://doi.org/10.5271/sjweh.4063
https://doi.org/10.5271/sjweh.4063
https://doi.org/10.3390/healthcare11091257
https://doi.org/10.1073/pnas.2014564118
https://doi.org/10.3390/v17070957

