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a b s t r a c t 

Objectives: SARS-CoV-2 vaccination has been shown to reduce infection severity; however, the reinfection 

frequency among unvaccinated, partially vaccinated, and fully vaccinated individuals remains unclear. This 

study aims to elucidate the rates of and factors associated with such occurrences. 

Methods: This retrospective epidemiological report included 1362 COVID-19 reinfection cases in Bahrain 

between April 2020 and July 2021. We analyzed differences in disease severity and reinfection character- 

istics among various vaccination statuses: fully vaccinated, interrupted vaccination, one-dose vaccination, 

postreinfection vaccination, and unvaccinated. 

Results: Reinfection cases increased from zero per month in April-June 2020 to a sharp peak of 579 in 

May 2021. A significantly larger proportion of reinfected individuals were male (60.3%, P < 0.0 0 01). Rein- 

fection episodes were highest among those 30-39 years of age (29.7%). The fewest reinfection episodes 

occurred at 3-6 months after the first infection (20.6%) and most occurred ≥9 months after the initial 

infection (46.4%). Most individuals were asymptomatic during both episodes (35.7%). Reinfection disease 

severity was mild, with vaccinated patients less likely to have symptomatic reinfection (odds ratio 0.71, 

P = 0.004). Only 6.6% of reinfected patients required hospitalization. One death was recorded; the patient 

belonged to the unvaccinated group. 

Conclusion: Vaccine-induced immunity and previous infection with or without vaccination were effective 

in reducing reinfection disease severity. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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COVID-19 began as an outbreak in Wuhan, China, in December 

019 and was declared a pandemic by the World Health Organi- 

ation (WHO) in March 2020 ( WHO, 2020 ). The disease, caused 

y SARS-CoV-2, has affected > 271,90 0,0 0 0 people worldwide and 

ed to > 5,0 0 0,0 0 0 deaths as of December 19, 2021 ( WHO, 2021c ).

here are currently five SARS-CoV-2 variants that are classified 

s variants of concern: Alpha (B.1.1.7), Beta (B.1.351), Gamma 

P.1), Delta (B.1.617.2), and more recently, Omicron (B.1.1.529) 
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 WHO, 2021b ). COVID-19 disease manifests with significant 

ariation; however, the classic symptoms include fever, cough, 

hortness of breath, fatigue, headache, sore throat, and changes 

o taste or smell that may appear 2-14 days after viral exposure 

 Centers for Disease Control and Prevention [CDC], 2021b ). 

Global pandemic control and national policies have been con- 

tructed based on herd immunity theory and the assumption 

hat viral exposure would be sufficient to provide long-standing 

mmunity ( Aschwanden, 2020 ). With the availability of vaccines, 

emonstrating the efficacy of viral exposure against infection 

ecame possible. Research showed that vaccine-induced immunity 

gainst the Alpha ( Chemaitelly et al. , 2021 ; Ikegame et al. , 2021 ),

eta ( Lefèvre et al. , 2021 ), Gamma ( Vignier et al. , 2021 ), and

elta ( Lopez Bernal et al. , 2021 ) variants was achievable. However, 
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here have recently been an increasing number of reports of 

ARS-CoV-2 reinfections. The first case of reinfection was reported 

n the United States by Tillett et al. , where a 25-year-old man had

ositive test results on two occasions 48 days apart, separated 

y two PCR tests with negative results ( Tillett et al., 2021 ). After

enetic analysis, the authors concluded that the genetic variation 

etween the two SARS-CoV-2 specimens was too significant to be 

xplained by short-term in vivo evolution. Currently, there are over 

00 studies published regarding reinfection in COVID-19 ( Dhillon 

t al. , 2021 ), highlighting the genuine possibility of reinfection that 

eeds to be taken into account by researchers and policymakers. 

With the emergence of the Omicron variant, another global in- 

ection wave with the risk of national restrictions and lockdowns 

s likely. If reinfection is indeed a feature of COVID-19, it poses 

 significant obstacle in tackling the pandemic because it jeopar- 

izes the assumption of herd immunity that many control mea- 

ures have adopted for containing the spread of SARS-CoV-2. In 

his study, we investigated the characteristics of patients with 

ecorded reinfection in the Kingdom of Bahrain to understand rein- 

ection and epidemiologically compared vaccine-induced and nat- 

ral infection–induced immunities. 

ethods 

tudy design 

This was a retrospective epidemiological study that analyzed 

ARS-CoV-2 reinfection cases in Bahrain between April 1, 2020, 

nd July 23, 2021, obtained from the Bahrain National COVID-19 

atabase of individuals who had positive test results for SARS-CoV- 

 on two or more episodes at least 3 months apart. Information 

ollected in this study included reinfection status, vaccination sta- 

us, age, symptoms, time to reinfection, and hospitalization. Symp- 

omatic and asymptomatic patients of any age, identified in several 

creening and contact-tracing programs as well as in travel testing 

nd random screening were included. A total of 1390 cases of re- 

nfection were identified for the study period, of which 28 were 

xcluded because of incomplete information. A total of 1362 rein- 

ection cases were further analyzed. 

We first examined the general characteristics of individuals 

ith reinfection, including gender, age group, symptom, hospital- 

zation status, and SARS-CoV-2 variant of interest available from 

he national genome database. Disease severity and hospitalization 

tatus were characterized based on the Bahrain COVID-19 National 

rotocol ( National Taskforce for Combating the Coronavirus, 2021 ) 

s follows: (a) isolation (home isolation without hospitalization), 

b) moderate disease status (temperature of ≥38 °C with shortness 

f breath, chest pain, change in mental status, or respiratory rate 

 30), or (c) severe disease status (requiring ≥15 l oxygen in ad- 

ition to moderate-status criteria). Symptom status was defined 

er the US CDC ( CDC, 2021a ). Symptomatic status describes an in- 

ection of SARS-CoV-2 where symptoms have developed, including 

ever, cough, shortness of breath, fatigue, headache, a new loss of 

aste or smell, sore throat, and other symptoms. Asymptomatic sta- 

us describes a SARS-CoV-2 infection where no symptoms have de- 

eloped throughout the episode for the duration of 14 days of iso- 

ation. 

Next, we analyzed the differences in these characteristics in re- 

nfection among differing vaccination statuses. We defined vacci- 

ated individuals as those who received two doses of a COVID-19 

accine ≥14 days before the reinfection episode. We defined rein- 

ected individuals as those with positive RT-PCR test results (cycle 

hreshold [Ct] < 35) ≥90 days after the first episode of infection, re- 

ardless of symptoms and supported by close-contact exposure or 

utbreak settings. We categorized reinfection by vaccination status 

 Table 1 ). 
10 
In addition to general demographics, we analyzed time to rein- 

ection and Ct values by vaccination status. 

ata collection 

Beginning in February 2020, the National COVID-19 Task Force 

f Bahrain began testing all travelers upon arrival into the coun- 

ry, suspected cases, symptomatic individuals, asymptomatic con- 

acts (including family members) of those who had positive test re- 

ults for SARS-CoV-2, and all hospitalized and critically ill patients 

uspected of being infected with SARS-CoV-2, and through large- 

cale random testing of individuals. The following categories of 

ersons underwent PCR testing per the testing strategy: (a) incom- 

ng travelers (all travelers, regardless of vaccination status, were 

equired to have a PCR test upon arrival and a second PCR test 

0 days later); (b) symptomatic patients (patients exhibiting symp- 

oms suggestive of COVID-19 underwent PCR testing at a medical 

acility or a designated drive-through testing site after reporting 

heir symptoms through the “BeAware” mobile application or by 

alling the toll-free COVID-19 hotline); (c) admitted and preopera- 

ive patients (all patients admitted to the hospital were required to 

ndergo a test regardless of the medical condition that prompted 

dmission); and (4) close contacts (all close contacts identified in 

ontact tracing were required to quarantine for 10 days from the 

ate of last exposure and to undergo a PCR test at the beginning 

f and after the quarantine period). 

In addition, random tests were conducted daily. Text messages 

ere sent to citizens and residents randomly, inviting them to 

ndergo a free test at their nearest testing site. Mobile units 

ere also dispatched to supermarkets, malls, banks, construction 

ites, markets, and other areas where people from diverse socio- 

conomic, cultural, and national backgrounds gathered. 

We collected the data from the National COVID-19 Contact Trac- 

ng Team Database of individuals with positive test results for 

ARS-CoV-2. The diagnosis followed the national Validation Proto- 

ol of Novel Coronavirus Nucleic Acid detection method. The pro- 

ess was based on reverse-transcriptase (RT)-PCR testing of na- 

opharyngeal samples using Thermo Fisher Scientific (Waltham, 

A) TaqPath 1-Step RT-qPCR Master Mix, CG (catalog number 

15299) on the Applied Biosystems (Foster City, CA) 7500 Fast Dx 

eal-time PCR Instrument. The assay followed the WHO protocol 

nd targeted the E gene. If positive, the results were confirmed 

y testing for the RdRP and N genes. The E gene Ct value was 

eported and used in this study. Ct values < 35 were considered 

ositive. 

SARS-CoV-2 variant sequencing was undertaken at the National 

OVID-19 Molecular Public Health Laboratory. Whole-genome se- 

uencing was used to identify the standard variants of interest and 

f concern using Congenica Illumina/ARTIC and COVID-Seq proto- 

ols. The data were analyzed with the Abiomix platform. Spike 

ene target status by PCR was used as a second approach for iden- 

ifying each variant. Data regarding sequencing of the variant were 

vailable for only 145 patients, of whom none were excluded from 

he analysis. This was because of laboratory limitations that led to 

he prioritization of critical cases and deaths. 

accines administered 

Four vaccines were being offered to the public during the study 

eriod and hence constitute the vaccines included in this study. 

NT162b2 vaccines (Pfizer) were being administered through in- 

ramuscular injection in two doses, 21 days apart, of 0.3 ml (30 

g) each. BBIBP-CorV vaccines (Sinopharm) were also offered in 

wo doses, 21 days apart, of 4 μg adsorbed to 0.5 mg aluminum. 

putnik V vaccines (Sputnik) were offered as a liquid formulation 

n two doses, 21 days apart, containing 10 11 virus particles per 
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Table 1 

Description of the categories used to classify the data in the study. 

Fully vaccinated Individuals who had positive test results for reinfection episode ≥14 days after receiving the second dose of vaccine 

Interrupted vaccination Individuals who had positive test results for reinfection episode < 14 days after receiving the second dose of vaccine 

One-dose vaccination Individuals who had positive test results for reinfection episode after receiving only one dose of vaccine 

Postreinfection vaccination Individuals who began vaccination after their reinfection episode 

Unvaccinated Individuals who did not receive any vaccine dose during the study period 

Individuals were sorted into five different categories according to vaccination status; reinfection was then compared among categories. 
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.5 ml/dose. COVISHIELD vaccines (Covishield) were offered in two 

.5-ml doses, 8 weeks apart, containing 5 × 10 10 adenovirus parti- 

les each. 

ata handling and statistical analysis 

Epidemiological data are presented as (n, %), where n is the 

ample size corresponding to each category and % is the category 

ample size as a proportion of the total cohort studied, unless 

therwise stated. We report proportions calculated using Agresti- 

oull 95% confidence intervals (CIs) and statistical significance cal- 

ulated using Pearson’s chi-square test, unless otherwise indicated. 

e used z-test of proportion to compare vaccine breakdown in re- 

nfection cases versus the general population, and we used analysis 

f variance (ANOVA) to statistically analyze the difference in time 

o reinfection by vaccination status. P -values < 0.05 were consid- 

red statistically significant. SPSS version 26 was used for statisti- 

al analysis (StataCorp. 2017. Stata Statistical Software: Release 15. 

ollege Station, Texas: IBM Corp. Released 2019. IBM SPSS Statistics 

or Windows, Version 26.0. Armonk, New York: IBM Corp). Figures 

ere created using GraphPad Prism version 9.3.1 (350) for macOS 

GraphPad Software, La Jolla, California, USA, www.graphpad.com ). 

thical approval 

The protocol and manuscript for this study were reviewed and 

pproved by the National COVID-19 Research Committee in Bahrain 

CRT-COVID2021-148). All methods and retrospective analyses of 

ata were approved by the National COVID-19 Research and Ethics 

ommittee. Informed consent was obtained from all participants, 

nd the study was carried out in accordance with local guidelines 

nd ethical guidelines of the Declaration of Helsinki 1975. 

esults 

pidemiological patterns of reinfection 

The first SARS-CoV-2 infection case in Bahrain was detected on 

ebruary 23, 2020. During the study period, the number of reinfec- 

ion cases steadily increased from zero cases per month in April- 

une 2020 to a peak of 579 in May 2021. The cases decreased to 36

y July 2021 ( Figure 1 ). 

emographics 

Within the study cohort of 1362 reinfection cases, male individ- 

als constituted a significantly greater proportion of reinfections 

n = 821, 60.3%) than female individuals (39.7%) ( P < 0.0 0 01). Re-

nfection episodes were highest among those 30-39 years of age 

n = 405, 29.7%) and lowest among those 0-9 years of age (86, 

.3%) ( Table 2 ). 

ime to reinfection 

Regarding the time from initial infection to reinfection, the 

umber of cases of reinfection showed a linear decrease with de- 

reasing time between infection and reinfection. Most reinfection 
11 
pisodes occurred at ≥9 months after initial infection (n = 632, 

6.4%). The fewest cases of reinfection occurred within a period of 

-6 months after the initial infection (n = 281, 20.6%) ( Table 2 ). 

resentation and outcome 

We compared each individual’s symptom status between initial 

nfection and reinfection episodes. Most individuals were asymp- 

omatic during both episodes (n = 486, 35.7%), whereas 265 indi- 

iduals (19.5%) were symptomatic during both episodes. The differ- 

nces in symptoms between episodes were significant across the 

ohort ( P = 0.003). Only 89 patients with reinfection (6.6%) re- 

uired hospitalization, of which 80 (5.9%) were of moderate dis- 

ase status and 9 (0.7%) were of severe disease status ( P < 0.0 0 01)

 Table 2 ). Only one death was recorded for the cohort; this patient 

equired hospitalization with severe disease. 

ariant sequencing 

Data regarding sequencing of the SARS-CoV-2 variant were 

vailable for only 145 individuals ( Table 3 ). The highest number 

f cases of reinfection involved the Delta variant (B.1.617) (n = 67, 

6.2%), followed by the Alpha variant (B.1.17) (n = 60, 41.3%). 

nalysis by vaccination status 

Of the 1362 individuals studied, 388 (28.5%) were vaccinated 

nd 974 (71.5%) were unvaccinated before reinfection. We further 

tratified these into five levels of vaccination, as described above 

n the Study Design section and listed in Table 1 . 

emographics 

In addition to representing the majority of reinfection cases 

verall, male individuals represented a higher proportion of cases 

cross all vaccination statuses ( P < 0.0 0 01); this is in accord with

ahrain’s demographics. Reinfection was highest in the 30-39 age 

roup across most vaccination statuses; however, the 20-29 age 

roup predominated in the unvaccinated status group. Similarly, 

einfection rate was lowest in the 0-9 age group for most vac- 

ination statuses; in the unvaccinated group, the 50 + age group 

howed the lowest reinfection rate. 

ime to reinfection 

We observed an increase in the number of reinfection cases 

ith increasing time after the initial infection episode. The lowest 

umber of cases corresponded to a period of 3-6 months between 

he two infection episodes. The highest number of cases occurred 

t ≥9 months after initial infection. This was observed across the 

ajority of vaccination statuses. However, in the postreinfection 

accination status, this trend was reversed ( P < 0.0 0 01); most re- 

nfection cases in this group occurred 3-6 months after initial in- 

ection (n = 68, 39.8%) and the fewest occurred at ≥9 months after 

nitial infection (n = 40, 23.4%). 

To further dissect time to reinfection, we compared the average 

umber of days to reinfection among the various vaccination 

http://www.graphpad.com
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Figure 1. Graphical representation of number of reinfection cases reported per month during the study period. The number of cases reported is represented by the number 

above the bar corresponding to the month. 

Table 2 

Summary of data from 1362 cases of reinfection in Bahrain. 

Total n [%] Fully vaccinated 

n [%] 

Interrupted 

vaccination n 

[%] 

One-dose 

vaccination n 

[%] 

Postreinfection 

vaccination n 

[%] 

Unvaccinated 

n [%] 

No. of reinfection 

cases 

1362 387 23 116 171 665 

Gender Male 

Female 

821 [60.3] 

541 [39.7] 

287 [74.2] 

100 [25.8] 

17 [73.9] 

6 [26.1] 

74 [63.8] 

42 [36.2] 

113 [66.1] 

58 [33.9] 

330 [49.6] 

335 [50.4] 

Age group, years 0-9 86 [6.3] 0 [0.0] 0 [0.0] 0 [0.0] 0 [0.0] 86 [12.9] 

10-19 128 [9.4] 3 [0.8] 0 [0.0] 1 [0.9] 3 [1.8] 121 [18.2] 

20-29 363 [26.7] 106 [27.4] 7 [30.4] 35 [30.2] 52 [30.4] 163 [24.5] 

30-39 

40-49 

50 + 

405 [29.7] 

226 [16.6] 

154 [11.3] 

133 [34.4] 

85 [22.0] 

60 [15.4] 

10 [43.5] 

3 [13.0] 

3 [13.0] 

47 [40.5] 

21 [18.1] 

12 [10.3] 

59 [34.5] 

31 [18.1] 

26 [15.2] 

156 [23.5] 

86 [12.9] 

53 [8.0] 

Period between 

infections, months 

3-6 281 [20.6] 33 [8.5] 3 [13.0] 24 [20.7] 68 [39.8] 153 [23.0] 

6-9 449 [33.0] 98 [25.3] 9 [39.1] 31 [26.7] 63 [36.8] 248 [37.3] 

9 + 632 [46.4] 256 [66.1] 11 [47.8] 61 [52.6] 40 [23.4] 264 [39.7] 

Symptom status Symptomatic first 

infection episode only 

224 [16.4] 70 [18.1] 4 [17.4] 17 [14.7] 30 [17.5] 103 [15.5] 

Symptomatic second 

infection episode only 

387 [28.4] 90 [23.3] 7 [30.4] 39 [33.6] 53 [31.0] 198 [29.8] 

Symptomatic at both 

episodes 

265 [19.5] 64 [16.5] 2 [8.7] 25 [21.6] 28 [16.4] 146 [22.0] 

Asymptomatic at both 

episodes 

486 [35.7] 163 [42.1] 10 [43.5] 35 [30.2] 60 [35.1] 218 [32.8] 

Hospitalization status Isolation 1273 [93.5] 378 [97.7] 23 [100.0] 110 [94.8] 156 [91.2] 606 [91.1] 

Moderate 80 [5.9] 9 [2.3] 0 [0.0] 4 [3.4] 15 [8.8] 52 [7.8] 

Severe 9 [0.7] 0 [0.0] 0 [0.0] 2 [1.7] 0 [0.0] 7 [1.1] 

Data are stratified by vaccination status, which is indicated in column headings. 

“Total” column includes all individuals with reinfection, independent of vaccination status. 

Values are presented as “n [%]”, where n is the total number of individuals in each category and [%] is n as a proportion of the total shown in the first column. 

s
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3

tatuses. The highest number of days to reinfection was observed 

n the fully vaccinated group (mean = 300.7, SD = 78.0, 95% 

l 292.9-308.5), and the lowest was observed in the postrein- 

ection vaccination group (mean = 208.3, SD = 79.8, 95% Cl 

96.2-221.3). The data are illustrated in Figure 2 . ANOVA analy- 

is showed that the average number of days to reinfection was 

ignificantly different among the various vaccination statuses 

 P < 0.0 0 01). 
12 
resentation and outcome 

Most patients with reinfection were asymptomatic during both 

nitial infection and reinfection. This was observed in all vaccina- 

ion status groups ( P = 0.001) except individuals who received one- 

ose vaccination before reinfection. In this group the majority were 

ymptomatic but only during their reinfection episode (n = 39, 

3.6%) ( Table 2 ). We used logistic regression analysis to examine 
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Figure 2. Summary of number of days to reinfection across different vaccination statuses for 1362 individuals. Boxplot shows minimum, interquartile range, median, and 

maximum for each status on the y-axis, with corresponding descriptive statistics tabulated. CI, confidence interval. 

Table 3 

Breakdown of data by variant causing reinfection in 145 individuals. 

Variant n [%] 

B.1.617 67 [46.2] 

B.1.17 60 [41.3] 

B.1.351 4 [2.8] 

B.1.281 1 [0.7] 

B.1 4 [2.8] 

Other 9 [6.2] 

Data are presented as n [%], where n is the total number of individuals in each 

category and [%] is n as a proportion of the total (N = 145). 
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he effect of symptom status at first infection, gender, and age on 

he probability of being symptomatic on reinfection. The risk of 

ymptomatic presentation of reinfection rose with age (odds ratio 

OR] for a 1-decade increase in age 1.13, P = 0.002) and was higher

n female individuals (OR 1.3, P = 0.022). Patients who were symp- 

omatic with first infection were more likely to be symptomatic 

ith second infection (OR 1.5, P = 0.001). Adjusted for these fac- 

ors, unvaccinated patients were more likely to be symptomatic on 

einfection (OR 1.62, P = 0.001). 

Investigation of the effect of vaccination status on hospital- 

zation showed that most patients with reinfection required self- 

solation; this was observed in all vaccination status groups ( P 

 0.0 0 01). Patients with moderate and severe disease statuses who 

equired hospitalization were predominantly those with one dose 

f vaccine postreinfection or those who were unvaccinated. Ab- 

ence of vaccination was a significant predictor of the need for 

ospital treatment; rates were 4.3% in the vaccinated group and 

.9% in the unvaccinated group, giving a preventable fraction in the 

accinated group of 52% (95% CI 26-67%, P < 0.001). The risk of re-

uiring hospital treatment increased with age (OR for a 1-decade 

ncrease in age 1.7, P < 0.001) but did not differ significantly be- 

ween male and female individuals. Although nine vaccinated indi- 

iduals (2.3%) required hospitalization, no deaths were recorded in 

he vaccination group (Poisson exact upper 97.5% Cl 2.7 deaths per 

0 0 0); 1 death was recorded among the unvaccinated ( P = 0.009). 

accines in reinfection 

Analysis of vaccines used was conducted for all individuals in 

he fully vaccinated (n = 387), interrupted vaccination (n = 23), 

nd one-dose vaccinated (n = 116) groups. Among the 387 fully 

accinated individuals, 87.3% of reinfection cases (n = 338) were 
13 
ith the Sinopharm vaccine. We adjusted for population propor- 

ions of each vaccine by comparing the proportion of each vac- 

ine within the group to the proportion of each vaccine within 

he general population. The relative proportions of each vaccine 

n the fully vaccinated group were significantly different from rel- 

tive proportions in the general population. The Sinopharm vac- 

ine was observed at a higher frequency among fully vaccinated 

ndividuals with reinfections compared with the proportion of the 

opulation administered Sinopharm vaccine ( P < 0.0 0 01). All other 

accines (Covishield, Sputnik, Pfizer) occurred at a lower frequency 

mong individuals with reinfection compared with the population 

roportion for each ( Table 4 ). 

The Sinopharm vaccine was also the most common vaccine 

mong the remaining vaccination categories, although the propor- 

ion was not significantly different from the population propor- 

ion. Among the 23 individuals with interrupted vaccination, 60.9% 

f reinfection cases (n = 14) were with Sinopharm ( P = 0.616); 

n the 116 individuals with one-dose vaccination before reinfec- 

ion, 58.60% of reinfection cases (n = 68) were with Sinopharm 

 P = 0.530). Among one-dose vaccinations, Covishield was signif- 

cantly less frequent than in the general population ( P = 0.0 0 02), 

nd Pfizer vaccine was more frequent ( P = 0.0047). These data are 

isted in Table 4 . 

iscussion 

The epidemiological data presented in this study indicate that 

einfection can occur in both vaccinated and unvaccinated indi- 

iduals. Through analysis of reinfection by vaccination status, we 

ound that vaccine-induced immunity may be more effective at re- 

ucing reinfection episodes, as indicated by the relatively lower 

roportion of vaccinated individuals with reinfection in the stud- 

ed population. These results are in contrast with the notion that 

accine-induced and infection-induced immunity are comparable 

 Cromer et al. , 2021 ). Although it is difficult to compare effective-

ess without analyzing incidence, the relative benefit of vaccine- 

nduced immunity has already been observed and reported ex- 

ensively ( CDC, 2021a ). Additional studies showed that those who 

ecovered from COVID-19 were twice as likely to become rein- 

ected as those who were vaccinated ( Cavanaugh et al. , 2021 ). An-

ther study showed the relative risk to be five times greater in 

he recovered than in those who were vaccinated ( Bozio et al. , 

021 ). It had been suggested that there is a difference in the im- 

une response in these two groups, with lower antibody level but 
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Table 4 

Breakdown of data by vaccine among cases of reinfection in vaccinated individuals compared with the general population in the 

kingdom, stratified by vaccination category. 

Vaccine Sample breakdown n, [%] Population breakdown n, [%] Z-statistic P -value 

Fully vaccinated Sinopharm 338 [87.3] 575,159 [55.7] 12.51 < 0.0001 

Covishield 20 [5.2] 192,357 [18.6] 6.78 < 0.0001 

Sputnik 20 [5.2] 186,275 [18.0] 6.55 < 0.0001 

Pfizer 9 [2.3] 79,287 [7.7] 3.99 0.0001 

Total 387 1,033,078 

Interrupted vaccination Sinopharm 14 [60.9] 575,159 [55.7] 0.50 0.616 

Covishield 3 [13.0] 192,357 [18.6] 0.69 0.490 

Sputnik 6 [26.1] 186,275 [18.0] 1.01 0.312 

Pfizer 0 [0.0] 79,287 [7.7] 1.39 0.166 

Total 23 1,033,078 

One-dose vaccination Sinopharm 68 [58.6] 575,159 [55.7] 0.63 0.530 

Covishield 6 [5.2] 192,357 [18.6] 3.71 0.0002 

Sputnik 25 [21.6] 186,275 [18.0] 1.01 0.313 

Pfizer 17 [14.7] 79,287 [7.7] 2.83 0.0047 

Total 116 1,033,078 

Data are presented as n [%], where n is the total number of individuals in each category and [%] is n as a proportion of the total 

shown in the last row for that vaccination category. Z-test of proportions was used to compare vaccine breakdown among cases of 

reinfection with the proportion of the population receiving each vaccine. 
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onger memory-cell response in infection-induced immunity and 

ice versa in vaccination-induced immunity ( Cho et al. , 2021 ; Gazit 

t al. , 2021 ). We observed no deaths among vaccinated individu- 

ls with reinfections; however, this observed rate showed an upper 

7% Cl of 2.7 deaths per 10 0 0. Nonetheless, the number recorded 

or unvaccinated reinfections is very small. Hence, caution must 

e taken in interpreting mortality from the data presented in this 

tudy. 

The rate of reinfection reported in previous studies has been 

ersistently low. A systematic review on reinfection involving 

13,715 patients highlighted that most reports quote a low rein- 

ection rate of 1% among populations ( Tang et al. , 2021 ). This find-

ng suggests that the risk of reinfection to the public health is low. 

owever, it also challenges the perception of herd immunity and 

ts application in policies for tackling COVID-19. For instance, Pinto 

t al. suggested that immunity passports based on the assumption 

hat reinfection is unlikely may need to be re-evaluated. Pinto et al. 

lso argued that the perspective of vaccine failure and booster re- 

uirements should include iatrogenic immune response decay sim- 

lar to that of the natural immune response ( Pinto et al. , 2021 ). 

Interestingly, we observed a steady increase in reinfection cases 

ith increased time after the first infection. This was true for re- 

nfections in both vaccinated and unvaccinated individuals. It may 

e due to natural waning of immunity and particularly related to 

inopharm in fully vaccinated individuals, as Sinopharm occurred 

t a significantly higher frequency in this category even compared 

ith vaccine uptake in the country’s population. However, the peak 

f reinfection in May 2021 may also be influenced by behavioral 

actors due to concurrence with the Ramadan period with its in- 

reased communal gatherings. We also observed reinfections at pe- 

iods > 6 months after primary infection, mostly among unvacci- 

ated individuals, in accord with CDC reports stating that “vaccine- 

nduced immunity was more protective than infection-induced im- 

unity” ( Bozio et al. , 2021 ). However, some reports show persis- 

ent immunological memory > 6 months after primary infection 

 Dan et al. , 2021 ; Zuo et al. , 2021 ). The dominant theory in current

tudies is that of immune decay. Protective immunity is assessed 

s a correlate of neutralizing antibody responses, which recognize 

he viral spike protein exclusively ( Wheatley et al. , 2021 ). A re-

ent study showed that the risk of reinfection among vaccinated 

nd recovered individuals remained low, at least within the first 6 

onths after infection or vaccination ( CDC, 2021a ). Several studies 

how a decrease in these antibodies within 2-3 months after SARS- 

oV-2 infection ( Beaudoin-Bussières et al. , 2020 ; Crawford et al. , 

021 ; Ibarrondo et al. , 2020 ). A study by Cromer et al. suggested
14 
hat the rapid initial decay of immunity was due to the short half- 

ife of serum antibodies and of antibody-secreting cells ( Cromer 

t al. , 2021 ). This may explain the increased risk of reinfection with 

onger period from the primary infection. Nonetheless, immune 

ecay is an expected phenomenon with both vaccine-induced and 

nfection-induced immunity and is characteristic of many viral in- 

ections ( Cohen and Burbelo, 2021 ). In the context of SARS-CoV-2, 

cquired immunity may be protective for only months rather than 

ears, although this is likely to be a reflection of the interplay be- 

ween immune decay and improved immune evasion with novel 

ARS-CoV-2 variants. 

We report that 46% of reinfection cases were due to the Delta 

B.1.617) variant, closely followed by the Alpha (B.1.1.7) variant at 

1%. Both variants have evolved immune evasion for both vaccine- 

nduced and natural immunity ( Planas et al. , 2021 ). However, be- 

ause of data limitations, the variant breakdown results reported 

n our study correspond to a small sample size of 145. 

Through analysis of reinfection by age, we found the highest 

einfection episode rate among the 20-39 age group. This finding 

s consistent with reports of increased susceptibility to the infec- 

ion among individuals aged > 20 years ( Davies et al. , 2020 ; Zhang

t al. , 2020 ). More specifically, the highest proportion corresponded 

o the 30-39 age group. This result is also directly comparable to 

esults from our previous report on SARS-CoV-2 cases in Bahrain 

 Almadhi et al. , 2021 ). We argued that this increased susceptibility 

as attributable to the fact that this is the working-age group in 

ahrain and that these individuals therefore have greater exposure 

o social interactions. Moreover, the spike and subsequent reduc- 

ion coincided with Ramadan (the month of fasting), when tradi- 

ional large communal gatherings occur. The enhanced social in- 

eraction, coinciding with the lifting of restrictions on gatherings 

n restaurants, coffee shops, and cinemas, may have influenced the 

ate of interaction and hence the transmission of COVID-19 among 

hese age groups. Interestingly, this trend was observed across re- 

nfections in both vaccinated and unvaccinated individuals, further 

uggesting that the reinfection risk was driven by environmental 

actors rather than vaccination status. 

However, these findings contradict those from a large study by 

ansen et al . investigating reinfection among 4 million individuals 

n Denmark ( Hansen et al. , 2021 ). The study reports higher pro-

ection against reinfection in individuals aged < 65 years old and 

ower protection in those > 65 years old. Although our results do 

ot assess protection, we report higher proportions of reinfection 

mong individuals aged 20-39 years than among those aged 50 + 

ears. We believe our findings are influenced by the proactive vac- 
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ination policy that prioritized those > 65 years old in Bahrain and 

ossibly by increased precautionary measures in this age group. 

n addition, we believe these differences may be due to factors 

uch as environmental effects, demographics, way of life, and dif- 

erences in the phase of the pandemic between Denmark and 

ahrain. In addition, this research was conducted between Septem- 

er and December 31, 2020; the first cases of Alpha (B.1.1.7) and 

elta (B.1.617) variants appeared in Denmark on November 9 and 

ecember 5, 2020, respectively ( Latif et al., 2021b ). Because of the 

ifference in cohort sampling times, it is possible that the results 

lso report characteristics of different variants. In contrast, the first 

ases of Alpha (B.1.1.7) and Delta (B.1.617) variants in Bahrain were 

eported on February 14 and April 5, 2021, respectively ( Latif et 

l., 2021a ). This may explain the sharp rise in cases of reinfec- 

ion in both February and May ( Figure 1 ). It should be noted that

ur results reflect reinfection before emergence of the Omicron 

B.1.1.529) variant, which was announced as a variant of concern 

y the WHO in November 2021 ( WHO, 2021a ). This is important to

onsider when interpreting the results from this study, as the Omi- 

ron variant has been reported to have a high rate of infection in 

nvaccinated individuals and of reinfection in previously infected 

ndividuals ( Altarawneh et al. , 2022 ; Cele et al. , 2022 ; Chaguza

t al. , 2022 ; Pulliam et al. , 2022 ). The risk of reinfection is signifi-

antly higher with the Omicron variant and is reported to be more 

han five-fold higher than the risk with the Delta variant ( Ferguson 

t al. , 2021 ). 

Analysis of reinfection among vaccinated individuals with re- 

ard to the vaccine administered showed that the highest pro- 

ortion of reinfections (87.4%) occurred with the Sinopharm vac- 

ine, despite Sinopharm accounting for only 55.7% of the vacci- 

ated population. Furthermore, the remaining vaccines (Covishield, 

putnik, and Pfizer) were significantly less frequently represented 

mong fully vaccinated individuals with reinfection compared with 

he population. However, this may not reflect protection, as the 

inopharm vaccine was the first to be approved for use in Bahrain 

 Ministry of Health, Kingdom of Bahrain, 2021 ). Combining this 

ith immune decay, it is possible that the individuals who had 

aken early vaccination with Sinopharm during the pandemic were 

he most likely to be reinfected because of the longer period of im- 

une decay. Nevertheless, the number of subjects analyzed with 

he remaining three vaccines was relatively low, and additional 

ata are needed to confirm these findings. We also found that 

or reinfections after an interrupted vaccination, all four vaccines 

eflected their respective population proportions. It is difficult to 

now whether this is because of a general underperformance or 

verperformance of the vaccines; however, it is clear that at this 

tage all vaccines display similar effects on infection. Interestingly, 

ur results show that Covishield vaccine is significantly less fre- 

uently represented among individuals reinfected after one-dose 

accination compared with the other vaccinations. On the other 

and, the Pfizer vaccine was significantly more frequently repre- 

ented in this group compared with its proportion of uptake in the 

eneral population. These results may portray a protective and ad- 

erse effect, respectively, for each vaccine after administration of 

ne dose; however, the sample sizes were small (n = 6 and n = 17,

espectively). 

It is interesting to note that patients in this cohort had mild 

ymptoms or were asymptomatic (93.5%). This finding is com- 

arable to results from a systematic review of reinfection cases, 

hich stated that 75% of patients were categorized as “mildly 

ymptomatic” ( Dhillon et al. , 2021 ). However, asymptomatic infec- 

ion was 42.1% among fully vaccinated individuals versus 32.8% 

mong those who were not vaccinated. Notably, the interrupted 

accination (reinfected < 14 days after the second dose) group 

id not show the same result. The vaccine had been developed 

nd tested to decrease severe disease and mortality. In a sys- 
15 
ematic analysis, the vaccine efficacy/effectiveness in fully vacci- 

ated individuals was 80-90% against symptomatic and asymp- 

omatic infections ( Harder et al. , 2021 ). In addition, one study 

mong healthcare workers showed a decline in symptomatic and 

symptomatic SARS-CoV-2 infections after vaccination despite high 

ates of COVID-19 disease nationally ( Gohil et al. , 2021 ). 

It is expected that vaccination protects against moderate and 

evere disease. In this cohort, moderate and severe disease rates 

ere 2.3% among those fully vaccinated and 8.9% among those not 

accinated, showing that vaccinated individuals had hospitalization 

ates lower than those of unvaccinated individuals. One study of an 

RNA vaccine showed lower hospitalization rates among individu- 

ls with vaccine- breakthrough infections than among those with- 

ut vaccination ( Tenforde et al. , 2021 ). In addition, another study of 

n inactivated SARS-CoV-2 vaccine showed a significant reduction 

n symptomatic disease after vaccination ( Al Kaabi et al., 2021 ). 

s noted above, COVID-19 testing in Bahrain has been extensive 

nd includes a large proportion of random testing conducted daily. 

e believe this ensures that the number and nature of confirmed 

ases accurately reflect actual incidence rates. 

Finally, it is essential to note that reinfection with SARS-CoV-2 

s not unexpected, as this is an established characteristic of viruses 

ausing mucosal infections ( Cohen and Burbelo, 2021 ). Hence, it is 

n important factor moving forward to establish better COVID-19 

olicies to address the pandemic effectively. 

imitations and further work 

The main limitation of this study is that vaccination status was 

etermined by time since the first infection. This introduces the 

ossibility of immortal time bias, wherein the longer the period 

efore reinfection, the higher the chance that the person will have 

ttained a full vaccination status. Hence, time to reinfection may 

e influencing vaccination status while vaccination status is influ- 

ncing time to reinfection. Second, our primary cohort analysis in- 

luded only 1362 reinfection cases; the sample size was further 

inimized when the cohort was divided into different analysis 

ategories. In addition, the majority of vaccinations in the cohort 

ere with Sinopharm, meaning analysis of vaccination was mainly 

 reflection of Sinopharm. It would be important to replicate this 

tudy with a larger cohort and with different ethnic populations 

o expand our understanding of SARS-CoV-2 reinfection patterns. 

pidemiological confirmation of reinfection and viral genotyping of 

he first and second specimens are needed. These were not possi- 

le in this study, however, and we were therefore unable draw re- 

iable conclusions. Vaccine analysis suggested that the Sinopharm 

accine was associated with more reinfection, but this needs to be 

onfirmed in a larger population or by meta-analysis. Breakdown 

f data by variant and vaccine simultaneously could improve our 

nderstanding of vaccine efficacy with variant evolution. Finally, 

e believe that replicating this study with added focus on differ- 

ntiating reinfection and reactivation would be instrumental to un- 

erstanding and controlling SARS-CoV-2 spread. 

In conclusion, vaccine-induced immunity and previous infec- 

ion with or without vaccination were effective in reducing disease 

everity of reinfection episodes. 
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