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Background: Corona Virus Disease 2019 (COVID-19) has severely impacted 
global health, resulting in high morbidity and mortality, and overwhelming 
healthcare systems, particularly in Iran. Understanding reinfection is crucial as it 
has significant implications for immunity, public health strategies, and vaccine 
development. This study aims to identify rate and the risk factors associated with 
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) reinfection and 
compare the clinical course of initial infection versus reinfection in readmitted 
COVID-19 patients in Iran.

Methods: This retrospective cohort study was conducted from January 2020 
to the end of 2022 in five hospitals in Iran. The study compared demographic 
and clinical data, vaccination status, and clinical outcomes between patients 
with reinfection (defined as a positive PCR test for SARS-CoV-2 at least 90  days 
after the primary admission) and a control group (patients who had an initial 
confirmed SARS-CoV-2 infection but were not readmitted with a positive PCR 
test for SARS-CoV-2 at least 90  days after their primary infection). Risk factors 
for reinfection were evaluated using a regression model. Propensity score 
matching (PSM) was used to compare post-clinical and laboratory outcomes 
between the matched case and control groups.

Results: Out of 31,245 patients, 153 (0.49%) experienced reinfections. The 
reinfection rate was significantly higher during B.1.617.2 and B.1.1.529 variant 
wave (p <  0.001). After multivariable regression analysis, incomplete vaccination 
status (OR: 1.68, 95% CI: 1.34–2.31, p =  0.021) and lack of booster vaccination 
(OR: 2.48, 95% CI: 1.96–3.65, p =  0.001) were the risk factors for reinfection. 
Furthermore, reinfection was associated with atypical COVID-19 symptoms, and 
shorter ICU and hospital stays (p  <  0.001). The B.1.1.529 variant was significantly 
more common among reinfected patients (p  <  0.001).

Conclusion: SARS-CoV-2 reinfections are more frequently observed during 
waves of novel variants and are associated with a milder clinical course and 
shorter hospital stays. Full vaccination and booster doses can effectively reduce 
the risk of SARS-CoV-2 reinfections.
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1 Introduction

Coronavirus Disease 2019 (COVID-19), caused by Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), has profoundly 
impacted global health since its emergence in late 2019 (1–4). The 
pandemic has led to significant morbidity and mortality worldwide, 
overwhelming healthcare systems and disrupting economies (5, 6). 
With millions of confirmed cases and deaths, COVID-19 has 
highlighted the vulnerability of global health infrastructures to 
emerging infectious diseases (7, 8). The virus’s rapid spread and high 
transmissibility have necessitated unprecedented public health 
measures, including lockdowns, social distancing, and mass 
vaccination campaigns, to mitigate its impact (9–11).

The pandemic has unfolded in multiple waves, each characterized 
by different variants of the virus, varying levels of transmissibility, and 
distinct patterns of morbidity and mortality (12). These waves have 
placed immense pressure on healthcare resources and have been 
associated with significant fluctuations in case numbers and healthcare 
demand (13). The emergence of new variants, such as B.1.617.2 and 
B.1.1.529, has complicated efforts to control the pandemic, with each 
variant posing unique challenges in terms of transmissibility, vaccine 
effectiveness, and disease severity (14).

In Iran, the burden of COVID-19 has been substantial, with the 
country experiencing several waves of infection that have strained its 
healthcare system. High rates of infection and mortality have been 
reported, particularly during the peaks of the pandemic (15). The 
Iranian healthcare system has faced numerous challenges, including 
shortages of medical supplies, overwhelmed hospitals, and difficulties 
in implementing public health measures (16). Despite these challenges, 
efforts have been made to enhance testing, treatment, and vaccination 
to control the spread of the virus and reduce its impact on the population.

Despite extensive global research on COVID-19, understanding 
reinfection, particularly its clinical implications and associated 
variants, remains limited. Given the high burden of COVID-19 in Iran 
and the evolving nature of the virus, it is crucial to investigate SARS-
CoV-2 reinfection in in this specific demographic. The aim of this 
study was to identify the rate and the risk factors associated with 
SARS-CoV-2 reinfection and compare the clinical course of initial 
infection versus reinfection in readmitted COVID-19 patients in Iran.

2 Materials and methods

2.1 Study design

This retrospective cohort study examines the rate, risk factors, and 
outcomes of SARS-CoV-2 reinfection in the Islamic Republic of Iran 

during all waves of the COVID-19 pandemic from January 2020 to the 
end of 2022. Data were collected from five referral hospitals in Tehran, 
Tabriz, Isfahan, Kerman, and Kermanshah. Sampling was conducted 
through a consecutive sampling method and the study population 
includes patients who were diagnosed with COVID-19 through a 
confirmed positive reverse transcription polymerase chain reaction 
(RT-PCR) test during their initial hospital admission and subsequently 
discharged. The inclusion criteria were readmission due to reinfection. 
Reinfection was defined as a subsequent positive PCR test for SARS-
CoV-2 at least 90 days after the initial infection following readmission, 
based on the World Health Organization (WHO) criteria (17). Patients 
who did not have a documented reinfection were assumed to be the 
control group. The exclusion criteria included patients with a positive 
RT-PCR test for SARS-CoV-2 within 90 days of the initial infection, those 
hospitalized with clinical symptoms of COVID-19 without a follow-up 
RT-PCR test, those with incomplete medical records or missing relevant 
data, and those transferred to hospitals outside the study sites during 
their treatment.

2.2 Diagnosis of SARS-CoV-2

To determine the infection status, all patients were diagnosed with 
COVID-19 using RT-PCR tests performed on nasopharyngeal swab 
samples collected at the time of hospital admission. The RT-PCR 
assays targeted specific genes of SARS-CoV-2 and followed protocols 
approved by the national health authority in Iran and the WHO 
guidelines to ensure high sensitivity and specificity (18). When 
feasible, whole-genome sequencing was performed in reference 
laboratories on samples with sufficient viral load, and the variant 
classification was based on comparison with global reference data 
(19). In most cases, only the infection status (positive or negative) was 
available, and the variant determination was performed when 
appropriate testing resources were available.

2.3 Data collection

Data collection was conducted using a research-made checklist by the 
principal investigator. Data were collected from the integrated electronic 
health system of the hospitals and the medial record database. 
Demographic data, including age, sex, and the presence of underlying 
medical conditions such as hypertension (HTN), diabetes mellitus (DM), 
cardiovascular diseases, and cancer, were collected. The vaccination status 
and the status of receiving the vaccine booster dose of patients was 
recorded, and patients were classified into two groups: those who were 
fully vaccinated [received two doses of vaccine (20)] and those who were 
not fully vaccinated. The clinical symptoms were classified into two 
categories based on the chief complaint of patients at admission: common 
symptoms of SARS-CoV-2 infection, including cough, fever, shortness of 
breath, sore throat, fatigue, and myalgia; and less common symptoms, 
such as diarrhea, joint pain, and neurological disorders (21). Laboratory 
parameters, including white blood cell (WBC) count, Interleukin-6 (IL-6) 
levels, and C-reactive protein (CRP) levels, were also gathered. Moreover, 

Abbreviations: CRP, C-reactive protein; COVID-19, Coronavirus Disease 2019; 

DM, diabetes mellitus; HTN, hypertension; ICU, intensive care unit; IL-6, 

Interleukin-6; OR, odds ratio; PSM, propensity score matching; RT-PCR, reverse 

transcription polymerase chain reaction; SARS-CoV-2, Severe Acute Respiratory 

Syndrome Coronavirus 2; WBC, white blood cell; WHO, World Health Organization.
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the duration of their intensive care unit (ICU) and hospital stays, as well 
as their mortality during the admission period, were documented. When 
available, data on the variant of SARS-CoV-2 responsible for the infection 
were also collected.

2.4 Statistical analysis

Data were analyzed using SPSS version 25. After calculating the 
SARS-CoV-2 reinfection rate by dividing the number of reinfection 
cases by the total number of admitted patients, the quantitative data 
were presented as mean and standard deviation, while qualitative data 
were expressed as frequency and percentage. Comparisons were made 
between the reinfection group and the control (non-reinfection) 
group. The independent sample t-test and Chi-square test were used 
to compare quantitative and qualitative data, respectively. Risk factors 
for reinfection were evaluated through univariable and multivariable 
regression models. To ensure a balanced comparison between the 
clinical course and clinical outcomes of the reinfected and 
non-reinfected groups, propensity score matching (PSM) was 
conducted based on baseline demographic variables, including age, 
sex, and underlying disease. The matching was performed in a 1:1 
ratio using R software. A p-value less than 0.05 considered 
as significant.

2.5 Ethical considerations

The study was conducted in accordance with ethical standards 
and guidelines to ensure the protection and confidentiality of patient 
information. Informed consent was waived by the ethics committee 
due to the retrospective nature of the study, which involved the 
analysis of existing medical records without direct patient interaction. 
To maintain confidentiality, all patient data were anonymized and 
stored securely. Access to the data was restricted to the research team 
members who were directly involved in the study. Approval was 
obtained from the Ethics Committee of Baqiyatallah University of 
Medical Sciences (Ethics code: IR.BMSU.REC.1400.159).

3 Results

3.1 Demographic data

A total of 31,245 patients with confirmed cases of SARS-CoV-2 
infection from five hospitals in Tehran, Isfahan, Tabriz, Kerman, and 

Kermanshah were included in the final analysis to determine the rate 
of reinfection. Of these patients, 153 (0.49%) experienced reinfections 
based on the study criteria. Table 1 presents the status of reinfection 
in different hospitals and regions of Iran. The mean age of patients 
with reinfection was 54.5 ± 12.5 years, while the mean age in patients 
without confirmed reinfection was 62.3 ± 13.6 years (p  < 0.001). 
Among the 153 patients, 128 (83.7%) were male and 25 (16.3%) were 
female. The sex distribution was significantly different between the 
reinfection group and the control group (p < 0.001). The demographic 
data are presented in Table 1.

3.2 Clinical, laboratory and outcome data

A total of 112 (73.2%) patients with reinfection reported at least 
one underlying condition such as diabetes, obesity, pulmonary 
disease, or cardiovascular disease (p = 0.041). In addition, 53 patients 
(34.6%) in the reinfection group had a full history of vaccination, 
while the number of fully vaccinated patients in patients without 
reinfection was 18,033 patients (57.9%, p < 0.001). Reinfection cases 
were more likely to present with atypical symptoms, whereas in 
patients without reinfection, COVID-19 generally manifested with 
typical symptoms (p < 0.001). In the assessment of laboratory values, 
patients with only primary infection had significant lower WBC count 
compared to patients in the reinfection group (8.5 ± 2 vs. 6.5 ± 2; 
p < 0.001). In addition, CRP and IL-6 levels were also significantly 
higher in primary SARS-CoV-2 infection (50 ± 20 vs. 30 ± 20; p < 0.001; 
and 40 ± 18 vs. 25 ± 15; p < 0.001, respectively). Primary SARS-CoV-2 
infection resulted in longer ICU admissions compared to reinfections 
(5 ± 4 vs. 12 ± 10; p < 0.001). Also, patients with reinfection had shorter 
course of overall hospital stay (7 ± 6 vs. 16 ± 21; p < 0.001). Table 2 
presents the clinical data of COVID-19 between the reinfection group 
and the control group.

3.3 Risk factors of reinfection

In the univariable analysis, age was found to be  a significant 
factor, with an odds ratio (OR) of 0.95 (95% CI: 0.93–0.97; p < 0.001). 
Males had significantly higher odds of reinfection, with an OR of 3.14 
(95% CI: 2.51–4.02; p < 0.001). The presence of an underlying disease 
also showed a statistically significant association with reinfection risk, 
with an OR of 1.46 (95% CI: 1.11–1.93; p = 0.041). Vaccination status 
was strongly associated with reinfection risk, with an OR of 2.60 (95% 
CI: 2.06–3.41; p < 0.001). Additionally, vaccine booster status was the 
most significant predictor in the univariable analysis, with an OR of 

TABLE 1 The rate of reinfection in different parts of Iran.

Hospital city Number of COVID-19 Number of reinfections Reinfection rate

Tehran (North of Iran) 13,179 68 0.51%

Isfahan (Central part of Iran) 7,102 18 0.25%

Tabriz (North east of Iran) 2,865 17 0.60%

Kerman (South west of Iran) 4,933 38 0.77%

Kermanshah (west part of Iran) 3,166 12 0.38%

Total number of patients 31,245 153 0.49%
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3.57 (95% CI: 2.12–6.18; p  < 0.001). After adjusting for potential 
confounders in the multivariable logistic regression model, 
vaccination remained a significant predictor of reduced reinfection 
risk (OR: 1.68, 95% CI: 1.34–2.31; p = 0.021). Also, vaccine booster 
status continued to be the most significant factor associated with 
reinfection, with those who did not receive a booster having an OR 
of 2.48 (95% CI: 1.96–3.65; p = 0.001). The results of the regression 
analysis are presented in Table 3.

3.4 Propensity score matching

After propensity score matching based on age, sex, and also 
underlying disease, atypical symptoms were significantly higher in 
patients with SARS-CoV-2 reinfection (26.8% vs. 6%; p < 0.001). In 
addition, the level of CRP in these patients was significantly lower 
than in patients in the control group (30 ± 20 vs. 40 ± 15; p < 0.001). 
Patients in the control group had a longer course of ICU stay (6 ± 3 
vs. 5 ± 4; p = 0.014) and the hospital stay was significantly longer in 

control group (10 ± 5 vs. 7 ± 6; p < 0.001). There were no significant 
differences in terms of vaccination status, O2 saturation at admission, 
WBC, IL-6 and also mortality during hospital stay between the two 
groups (p = 0.702). Table 4 suggested the results after PSM.

3.5 Different dates and COVID-19 waves

Table  5 and Figure  1 show the distribution of SARS-CoV-2 
variants in the reinfection and control groups over three different time 
periods corresponding to the B.1.1.7, B.1.617.2, and B.1.1.529 waves. 
During the B.1.1.7 wave (December 2020–June 2021), 10.5% of 
reinfection cases occurred compared to 19.6% of patients in the 
control group. In the B.1.617.2 wave (July 2021–November 2021), 
33.4% of reinfections occurred compared to 38.8% of patients in the 
control group. During the B.1.1.529 wave (December 2021 – end of 
2022), 56.1% of reinfections were recorded, compared to 41.6% of 
patients in the control group. The overall distribution of SARS-CoV-2 
variants in the reinfected and control groups suggests a shift toward a 

TABLE 2 Clinical, laboratory and outcome data of patients with reinfection of SARS-CoV-2 and the control group.

Variable Reinfection group 
(n =  153)

Control group 
(n =  31,092)

p-value

Age (year) 54.5 ± 12.5 62.3 ± 13.6 <0.001

Sex (%)
Male 128 (83.7) 19,277 (62)

<0.001
Female 25 (16.3) 11,815 (38)

Underlying disease (%)
Yes 112 (73.2) 20,210 (65)

0.041
No 41 (26.8) 10,882 (35)

Fully vaccinated (%)
Yes 53 (34.6) 18,033 (58)

<0.001
No 100 (65.4) 13,059 (42)

Vaccine booster (%)
Yes 12 (22.6) 9,214 (51.1)

<0.001
No 41 (77.4) 8,819 (48.9)

Symptoms (%)
Typical 112 (73.2) 29,227 (94)

<0.001
Atypical 41 (26.8) 1865 (6)

O2 saturation at admission (%) 85 ± 12.7 77 ± 18.7 <0.001

WBC (× 109/L) 6.5 ± 2 8.5 ± 2 <0.001

CRP (mg/L) 30 ± 20 50 ± 25 <0.001

IL-6 (pg/mL) 25 ± 15 40 ± 18 <0.001

ICU stay (days) 5 ± 4 12 ± 10 <0.001

Hospital stay (days) 7 ± 6 16 ± 21 <0.001

Mortality during hospital stay (%) 3 (1.9) 2,685 (8.6) <0.001

Bold p values are significant.

TABLE 3 Risk factors of SARS-CoV-2 reinfection.

Variable Univariable OR (95% 
CI)

P-value Multivariable OR (95% 
CI)

p-value

Age 0.95 (0.93–0.97) <0.001 0.99 (0.98–1.02) 0.749

Male gender 3.14 (2.51–4.02) <0.001 1.18 (1.04–1.32) 0.432

Underlying disease 1.46 (1.11–1.93) 0.041 1.05 (1.01–1.28) 0.674

Not fully vaccinated 2.60 (2.06–3.41) <0.001 1.68 (1.34–2.31) 0.021

Receive no vaccine booster 3.57 (2.12–6.18) <0.001 2.48 (1.96–3.65) 0.001

Bold p values are significant.
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higher likelihood of reinfection from B.1.1.7 to B.1.1.529 wave. The 
chi-squared test suggests that reinfections were more likely to occur 
during periods of new SARS-CoV-2 variants such as the B.1.1.529 and 
the B.1.617.2 variants (p < 0.001).

3.6 Different SARS-CoV-2 variants

The data for SARS-CoV-2 variants were present in 112 patients 
(73.2%) in the reinfection group and 4,364 patients (14%) in the 

TABLE 4 Clinical, laboratory and outcome data of patients with reinfection of SARS-CoV-2 and the control group after PSM.

Variable Reinfection group (n =  153) Control group 
(n =  153)

p-value

Age (year) 54.5 ± 12.5 54.8 ± 13 0.843

Gender (%)
Male 128 (83.7) 120 (78.4)

0.752
Female 25 (16.3) 33 (21.6)

Underlying disease (%)
Yes 112 (73.2) 113 (73.8)

0.994
No 41 (26.8) 40 (26.2)

Fully vaccinated (%)
Yes 53 (34.6) 72 (47)

0.348
No 100 (65.4) 81 (53)

Vaccine booster (%)
Yes 12 (22.6) 37 (51.4)

0.002
No 41 (77.4) 35 (48.6)

Symptoms (%)
Typical 112 (73.2) 43 (94)

<0.001
Atypical 41 (26.8) 110 (6)

O2 saturation at admission (%) 85 ± 12.7 83 ± 18.7 0.275

WBC (× 109/L) 6.5 ± 2 6.8 ± 2.4 0.236

CRP (mg/L) 30 ± 20 40 ± 15 <0.001

IL-6 (pg/mL) 25 ± 15 28 ± 12 0.054

ICU stay (days) 5 ± 4 6 ± 3 0.014

Hospital stay (days) 7 ± 6 10 ± 5 <0.001

Mortality during hospital stay (%) 3 (1.9) 4 (2.6) 0.702

Bold p values are significant.

TABLE 5 Distribution of SARS-CoV-2 variants among reinfection and control group across different waves.

Time span Reinfection (n =  153) Control (n =  31,092) p-value

December 2020–June 2021 (B.1.1.7 wave) 16 (10.5) 6,094 (19.6)

<0.001July 2021–November 2021 (B.1.617.2 wave) 51 (33.4) 12,064 (38.8)

December 2021 – End 2022 (B.1.1.529 wave) 86 (56.1) 12,934 (41.6)

Bold p values are significant.

FIGURE 1

Distribution of SARS-CoV-2 variants among reinfection and control group across different waves.
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control group. It was suggested that patients in the control group had 
significantly higher distribution of B1.1.7 variant while the reinfection 
group had more B1.1.529 variants. After propensity score matching 
based on age, sex, and also underlying disease, 53 patients remained 
in both groups. Same as the results before PSM, the B.1.617.2 and the 
B.1.1.529 variants were more prevalent in the reinfection group while 
the B.1.1.7 variant was more prevalent in the control group (p < 0.001). 
The results for SARS-CoV-2 variants in both groups are presented in 
Table 6.

4 Discussion

The results of our study indicate that among the 0.5% of cases 
that met the WHO criteria for reinfection, these individuals had 
milder disease manifestations and a milder clinical course than 
those with primary infections. It has been suggested that 
reinfection is more pronounced in the new wave of SARS-CoV-2 
variants and that full vaccination, especially booster vaccination, 
may be effective in preventing reinfection. It is noteworthy that 
the B.1.1.529 variant was more prevalent among those who had 
experienced reinfection. These findings contribute significantly 
to our understanding of virus dynamics and inform ongoing 
efforts in public health strategies, particularly in the context of 
emerging variants and vaccine efficacy.

It is crucial to distinguish between a reinfection with the 
SARS-CoV-2 virus that causes the disease and a return of 
symptoms. These two conditions can be  challenging issues in 
clinical practice (22). The diagnosis of reinfection with SARS-
CoV-2 is complex. Reinfection can sometimes be overreported 
based on clinical symptoms or radiological findings, and in some 
cases, PCR tests might be negative despite an active infection 
(23). In such scenarios, patients might experience a relapse of the 
original infection, or they could have other diseases with 
symptoms similar to SARS-CoV-2, such as influenza or 
respiratory syncytial virus (24). In addition, many individuals 
experiencing reinfection may not seek medical attention or may 
only visit outpatient clinics, thus not being captured in hospital-
based data (25). The current study assumed a reinfection rate of 
0.5%. This result is consistent with previous studies in the current 
literature. In the meta-analysis of 23 studies in 2023, the 
reinfection rate ranged from 0.1 to 6.8% (26). In addition, in a 
recent meta-analysis in 2024, the pooled rate of reinfection in 55 
studies was estimated to be 0.94% (27). The observed difference 
in the reported rate of reinfection may be  mainly due to 
differences in patient selection criteria. In our study, we made a 
concerted effort to carefully select patients in a manner that 

minimized the likelihood of false positives while adhering to 
WHO guidelines.

Our results align with previous studies suggesting that reinfections 
generally present with less severe outcomes compared to primary 
infections (28). The observation that cases of reinfection had shorter 
hospital and ICU stays is consistent with other reports indicating that 
immune responses from prior infections or vaccinations might reduce 
the severity of subsequent infections (29). Furthermore, the 
discrepancy in the predominant SARS-CoV-2 variants between 
reinfection and primary infection cases highlights the virus’s evolving 
nature and its impact on disease presentation (30). The lower 
frequency of full vaccination in reinfected individuals compared to the 
non-reinfected group also underscores the need for continued 
research into the effectiveness of current vaccines against emerging 
variants (31). Although this difference was not statistically significant 
following PSM, it remains critical to continue evaluating vaccine 
efficacy, particularly in the context of emerging variants. The 
effectiveness of vaccines against variants has been shown to diminish 
over time, necessitating booster doses to maintain protective 
immunity (32). Our study’s findings are consistent with the literature, 
which indicates that while vaccines remain effective in preventing 
severe disease, the evolving nature of SARS-CoV-2 variants calls for 
regular updates to vaccination protocols and booster 
recommendations (33).

The distribution of SARS-CoV-2 variants in the reinfection 
and control groups highlighted a clear trend toward a higher 
proportion of reinfections during waves dominated by newer 
variants. Reinfections were less frequent during the B.1.1.7 wave. 
This trend shifted significantly with the emergence of the 
B.1.617.2 variant and became even more pronounced during the 
B.1.1.529 wave. The increasing reinfection rate in later waves is 
consistent with the immune-evading properties of newer variants 
such as B.1.1.529, which have been shown to have higher 
transmissibility and reduced vaccine efficacy (34). Studies have 
shown that B.1.1.529, with its numerous spike protein mutations, 
is more adept at escaping both natural immunity and vaccine-
induced immunity, leading to increased reinfection rates (35). 
Our analysis also demonstrated that individuals who received a 
vaccine booster were significantly less likely to experience 
reinfection, even during the B.1.1.529 wave, highlighting the 
positive effect of booster doses in enhancing protection against 
immune-evading variants. This is further supported by studies 
showing that booster doses can restore vaccine efficacy against 
variants such as B.1.1.529 (36).

The strength of our study lies in its large, representative 
sample of over 30,000 confirmed SARS-CoV-2 infection cases 
from five major hospitals in different regions of Iran, ensuring a 

TABLE 6 SARS-CoV-2 variants in reinfection and control group before and after PSM.

Variant Before PSM After PSM

Reinfection 
(n =  112)

Control 
(n =  4,364)

p-value Reinfection 
(n =  53)

Control 
(n =  53)

p-value

B.1.1.7 12 (10.7) 2078 (47.6)

<0.001

6 (11.3) 26 (49)

<0.001B.1.617.2 48 (42.9) 1,422 (32.6) 19 (35.8) 16 (30.2)

B.1.1.529 52 (46.4) 864 (19.8) 28 (52.9) 11 (20.8)

Bold p values are significant.
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robust analysis of reinfection patterns and outcomes. By adhering 
to WHO criteria for reinfection and focusing on hospitalized 
patients with confirmed PCR results, we ensured high diagnostic 
accuracy. The study’s findings of greater susceptibility to 
reinfection during the B.1.1.529 wave and the protective effect of 
booster doses are consistent with global research and underscore 
the importance of booster vaccination against immune-evading 
variants. In addition, the inclusion of regional data highlights the 
impact of healthcare disparities in Iran, where differences in 
access to resources may influence hospitalization and outcomes.

It is important to acknowledge the limitations of our study, 
despite its robust design. The first limitation is the reliance on PCR 
testing as the sole method for confirming SARS-CoV-2 infection, 
which may not capture all cases, particularly those with low viral 
loads where PCR sensitivity might be reduced. This could potentially 
lead to an underestimation of reinfection rates. However, by focusing 
on positive PCR results, we ensured diagnostic certainty and accuracy 
in identifying true reinfection cases. Another significant challenge 
encountered in this study was the limited access to diagnostic kits for 
SARS-CoV-2 variant identification in Iran. Due to sanctions, these 
kits were frequently unavailable or in short supply, which constrained 
our capacity to accurately identify specific variants. Additionally, 
many of the reinfection cases occurred after the introduction of 
variant-specific diagnostic kits, whereas a large portion of the control 
cases were from a period when new variants had not yet been 
identified. Consequently, variant data, particularly in the control 
group, may have been underrepresented. To address this imbalance 
and ensure a robust comparison between the two groups, we applied 
PSM. Another limitation is the lack of detailed data on treatment 
scenarios. Although there are established guidelines for COVID-19 
treatment, the treatment protocols changed over the pandemic time 
(37). In addition, the administration of management strategies varied 
depending on the availability of pharmaceuticals and the limitation 
of resources in different cities and medical centers. The last limitation 
of our study is the lack of extended follow-up data. Although 
reinfections generally present with milder symptoms, they may 
be associated with severe long-term complications such as stroke, 
myocardial infarction, deep vein thrombosis, or pulmonary 
embolism (38).

This study recommends prioritizing revaccination campaigns 
to improve protection against reinfection with SARS-CoV-2, 
especially in the face of emerging immune-evading variants such 
as B.1.1.529. Public health strategies should be regularly updated 
to reflect the evolving nature of the virus, and efforts must 
be made to improve access to variant-specific diagnostic tools in 
resource-limited settings. In addition, future research should 
focus on longer-term follow-up to assess potential complications 
of reinfection, such as cardiovascular events, to provide a more 
comprehensive understanding of the long-term effects of 
SARS-CoV-2.

5 Conclusion

SARS-CoV-2 reinfection generally exhibited milder symptoms 
and shorter hospital stays than primary infections. Novel SARS-
CoV-2 variants were more common among reinfected individuals. 
Although vaccination can help prevent reinfection, the complex 
relationship between vaccination and reinfection highlights the need 

for further research. Future studies are needed to assess the long-term 
complications of SARS-CoV-2 reinfection.
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