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a b s t r a c t 

Background: The characterization of reinfection with SARS-CoV-2 has been a subject of concern and con- 

troversy, especially with the surge of infections with highly transmissible variants worldwide. 

Methods: This retrospective national study used comorbidities, vaccination status, SARS-CoV-2 variants of 

concern, and demographics data to profile participants who were reinfected with SARS-CoV-2, defined as 

having two reverse transcriptase-polymerase chain reaction-positive SARS-CoV-2 tests within at least 90 

days apart. A multivariate logistic regression model assessed the risk factors associated with reinfection 

. Two control groups were selected: nonreinfected participants reporting a positive test (control group 

one) and those reporting a negative test (control group two). 

Results: Between March 2020 and December 2021, 4454 reinfected participants were identified in Saudi 

Arabia (0.8%, 95% confidence interval [CI] 0.7-0.8). The majority (67.3%) were unvaccinated (95% CI 65.9- 

68.7) and 0.8% (95% CI 0.6-1.1) had severe or fatal SARS-CoV-2 disease. COVID-19 vaccines were 100% 

effective against mortality in reinfected individuals who received at least one dose, whereas it conferred 

61% (odds ratio [OR] 0.4, 95% CI 0.1-1.0) additional protection against severe disease after the first dose 

and 100% after the second dose. In the risk factor analysis, reinfection was highly associated with comor- 

bidities, such as HIV (OR 2.5, 95% CI 1.3-5.2; P = 0.009), obesity (OR 2.3, 95% CI 1.3-3.9; P = 0.003), preg- 

nancy (OR 3.2, 95% CI 1.4-7.4; P = 0.005), and working in health care facilities (OR 6.1, 95% CI 3.1-12.9; 

P < 0.0 0 01). The delta variant (B.1.617.2) was the most frequent variant of concern among the reinfected 

cohort. 

Conclusion: This in-depth study of the reinfection profile identified risk factors and highlighted the as- 

sociated SARS-CoV-2 variants. Results showed that naturally acquired immunity to SARS-CoV-2 through 

multiple reinfections together with vaccine-induced immunity provided substantial protection against se- 

vere SARS-CoV-2 disease and mortality. 

© 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 license ( http://creativecommons.org/licenses/by/4.0/ ) 
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The emergence of SARS-CoV-2, a virus that causes COVID-19, 

as infected over 430 million people worldwide (743,205 in Saudi 

rabia) and resulted in over 6 million deaths (8993 in Saudi Ara- 

ia) as of February 25, 2022. Despite implementing stringent con- 

rol measures and travel restrictions, COVID-19 continues to circu- 
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ate globally, and more recently, the resurgence of COVID-19 cases 

as been observed after the relaxation of lockdown and social dis- 

ancing procedures as well as the emergence of variants that posed 

n increased risk to global public health ( Tillett et al ., 2021 ). 

It was on August 25, 2020 that the first case of reinfection af- 

er 4.5 months of initial infection was reported ( To et al ., 2021 ),

hich was subsequently followed by additional cases, each with 

ariable symptom severity on reinfection, from India, the Nether- 

ands, Belgium, and Ecuador ( Gupta et al ., 2021 ; Prado-Vivar et al .,

020 ; Van Elslande et al ., 2021 ). These studies have shown that

he viral genome in primary infections and secondary reinfections 

re phylogenetically distinct and belong to different evolutionary 

ineages, suggesting that the virus strain detected in the second 

pisode is very different from the strain found in the first episode. 

As the reinfection rate is likely to be a threat to the end of the

OVID-19 pandemic, understanding the frequency, duration of pro- 

ective immunity, clinical impact, and severity of COVID-19 reinfec- 

ions is essential to predict the course of the pandemic and prepar- 

ng for future waves. It would also help gain important insights 

nto the pathophysiology of COVID-19 and guide ongoing vaccine 

evelopment efforts and future public health surveillance policies. 

oreover, predicting who is susceptible to being reinfected is crit- 

cal for risk evaluation assessments ( Babiker et al ., 2021 ). 

Given the low supply of vaccines at the beginning of the vac- 

ination scheme, one common strategy adopted in many coun- 

ries (e.g., in France, Germany, Italy, and Spain) was to provide 

nly one dose of vaccine to previously infected individuals. This 

pproach has been supported by several studies showing that a 

ingle SARS-CoV-2 infection enables one to acquire natural immu- 

ity ( Ebinger et al ., 2021 ; Goel et al ., 2021 ; Wang et al ., 2021 ). Af-

er the successful implementation of BNT162b2 (Pfizer-BioNTech), 

hAdOx1/AZD1222 (Oxford/AstraZeneca), and mRNA-1273 (Mod- 

rna) vaccination schemas in Saudi Arabia, with over 60 million 

eceiving their first vaccine dose and 23.6 million vaccinated with 

wo doses, individuals who have been infected are strongly advised 

y Weqaya , the Saudi center for disease control and prevention 

CDC) (2021), to delay their vaccination until 90 days after infec- 

ion. This strategy relies on the notion that an initial SARS-CoV-2 

nfection provides powerful protection so that only a single dose 

f vaccine would be sufficient in those cases. Nevertheless, it is 

ebatable whether a previous SARS-CoV-2 infection or receiving a 

accination can achieve adequate immunity against symptomatic 

einfection ( Jain et al ., 2021 ). 

Moreover, the surge of delta (B.1.617.2) and, more recently, omi- 

ron (B.1.1.529) variants has raised major concerns regarding the 

otential decline in vaccine effectiveness ( Lopez Bernal et al ., 2021 ; 

ollie et al ., 2022 ). Largely dominant worldwide, the delta variant 

as been proven to have increased replication, leading to higher 

iral loads and subsequently greater transmissibility than its al- 

ha and beta counterparts ( Planas et al ., 2021 ; Sheikh et al ., 2021 ;

asireddy et al ., 2021 ). Little is known about the sensitivity of 

merging variants of concern to the humoral immune response; 

herefore, individuals who were reinfected with SARS-CoV-2 and 

arboring these variants will be studied in more detail. 

Herein, we present, to the best of our knowledge, the first study 

n Saudi Arabia to report a comprehensive demographical, clinical, 

nd molecular profiling of SARS-CoV-2 multi-reinfected cases in a 

ass testing and vaccination setting. 

ethods 

tudy Population, Design, and Data Collection 

A total of 4454 reinfected individuals were included in this 

tudy over the period from March 1, 2020 to December 1, 2021, 

onstituting the longest national follow-up period. A duration 
759 
f at least 90 days between two consecutive positive reverse 

ranscription-polymerase chain reaction (RT-PCR) test results for 

ARS-CoV-2 was the criteria used to identify cases with a high 

isk of suspicion for SARS-CoV-2 reinfections, following guidelines 

rom the United States CDC ( CDC, 2020a , 2020b ). Remarkably, al- 

hough the majority of individuals (4258) have acquired at least 

wo episodes of SARS-CoV-2 infection within at least a period of 

0 days (denoted as x1 reinfection), very few acquired multiple 

einfection episodes, with 196 individuals having suspected three 

nfections (x2 reinfections). 

Reinfected patients’ data were extracted electronically from the 

entralized Saudi ministry of health (MOH) data repositories, in- 

luding all SARS-CoV-2 RT-PCR results. Precisely, clinical and de- 

ographic characteristics, vaccination status, variant sequencing 

ata, severe disease defined as patients admitted into intensive 

are unit (ICU), and mortality (with a follow-up until January 30, 

022) were derived for all reinfected cases. Self-reported data ob- 

ained from the vaccination program were extracted to learn about 

he clinical and social characteristics of the cohort (e.g., comorbidi- 

ies, occupation). This retrospective study was approved by the in- 

titutional review board from the Saudi MOH (IRB Log No. 21-111 

), with a waiver of written informed consent. 

ARS-CoV-2 Laboratory Testing and Viral Genome Sequencing 

Viral genome sequencing was conducted to determine the vari- 

nts of concern associated with reinfections across a subset of 

ARS-CoV-2 cases, subject to sample availability and whenever it 

as possible to retrieve both the primary and reinfection swabs. 

iral specimens with cycle threshold values of ≤30 were se- 

ected for sequencing by the public health laboratory (Saudi CDC). 

riefly, an amplicon-based enrichment approach was used for 

hole-genome sequencing, using the ATOPlex SARS-CoV-2 full- 

ength genome panel, according to the manufacturer’s instructions. 

aired-end sequencing was performed on the DNBSEQ-G400 MGI 

latform. Paired reads were trimmed and mapped to SARS-CoV- 

 reference genome sequence MN908947.3 using Burrows-Wheeler 

ligner (version 0.7.17), followed by variant calling by SAMtools 

pileup and BCFtools. Consensus sequences were generated by 

CFtools and assigned to SARS-CoV-2 lineages with Pangolin. 

tatistical Analyses 

Clinical and demographic characteristics of the reinfected co- 

ort were described with frequency distributions and measures of 

entral tendency. Vaccination status was compared between vacci- 

ated and unvaccinated reinfected individuals based on the num- 

er of doses, the type of vaccine administered, and the disease 

everity (intensive care hospitalizations and/or mortality). Risk fac- 

or analysis was conducted by investigating the profile of rein- 

ected, primarily infected, and uninfected individuals. Cases are re- 

nfected individuals denoted as x1 reinfection, whereas controls 

re nonreinfected individuals with or without at least one posi- 

ive RT-PCR (n = 4454 for both control groups), selected from May 

0, 2021 to December 01, 2021, to reduce the bias caused by re- 

pening of the country with the surge of variants and fewer re- 

trictions. The first control group was therefore considered partic- 

pants “at-risk” of reinfection, whereas the second control group 

istinguished reinfected from uninfected individuals. The odds ra- 

ios (ORs) for 20 risk factors associated with reinfection, includ- 

ng age, sex, comorbidities, working in health care, health condi- 

ions, and vaccination status, were retrieved using a multivariate 

ogistic regression model (Supplementary Methods). The accuracy 

f the model was evaluated using the area under the curve against 

he testing dataset corresponding to all the x2 reinfections cohort 

therefore independent of the training dataset, n = 196), with a 
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Table 1 

Demographic and clinical characteristics of individuals who were multi-reinfected with COVID-19. 

Characteristic 

No. (%) 

x1 Reinfected Individuals x2 Reinfected Individuals 

Total 4258 196 

Sex 

Female 1546 (36.3) 61 (31.1) 

Male 2712 (63.7) 135 (68.9) 

Age, years 

Median 32 (IQR [24-40]) 29 (IQR [25-39]) 

Mean 34 (SD 13) 33 (SD 12) 

13-25 1098 (25.8) 53 (27.0) 

26-35 1696 (39.8) 85 (43.4) 

36-45 813 (19.1) 29 (14.8) 

46-55 357 (8.4) 13 (6.6) 

56-65 175 (4.1) 14 (7.2) 

≥66 119 (2.8) 2 (1) 

Time Lapse Between Infections a 

From 90 to 100 days 187 (4.4) 41 (10.5) 

From 100 to 200 days 1252 (29.4) 245 (62.5) 

From 200 to 600 days 2819 (66.2) 106 (27) 

Variants 

Total 957 (22.5) b 3 (1.5) c 

Delta 844 (88.2) 3 (100) 

Beta 49 (5.1) 0 

Alpha 29 (3) 0 

Wild-type 35 (3.7) 0 

Vaccination Status 

Unvaccinated d 2823 (66.3) 175 (89.3) 

Vaccinated 1435 (33.7) 21 (10.7) 

Occupation 

Health care Workers 125 (2.9) 6 (3.1) 

Non-Health care Workers 1976 (46.4) 97 (49.5) 

Unknown 2157 (50.7) 93 (47.4) 

a Time intervals between two infections were counted in days. For x1 reinfections, each individual corre- 

sponds to a one-time interval. For x2 reinfections, each individual corresponds to two-time intervals. 
b For x1 reinfections, both infection episodes were sequenced. 
c For x2 reinfections, only the second infection episode was sequenced. 
d Unvaccinated means that both infection episodes appeared before vaccination (dose one and dose two). 

For more information, please refer to Figures 1 a and 1 bData are mean (SD), median (IQR), or No. (%).IQR, 

Inter Quartile Range. SD, Standard Deviation. 
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ontrol group (n = 196) comprising primary infected individuals. 

he model should predict 1 if cases are PCR-positive and 0 if cases 

re PCR-negative. Statistical significance was determined at a P - 

alue of < 0.05. The following statistical analyses tools were used 

n this study: Python 3.7 with the packages NumPy (version 1.19.2), 

andas (version 1.1.3), SciPy (version 1.5.2), and statsmodels (ver- 

ion 0.12.1); R with the packages glmnet (version 4.1.1), pROC (ver- 

ion 1.18.0), and forestplot (version 2.0.1). 

esults 

emographic and Clinical Features of SARS-CoV-2 Multi-Reinfected 

ases 

To elucidate the frequency and characteristics of SARS-CoV-2 

einfections among our cohort, 4454 COVID-19 reinfected cases 

ere collected retrospectively; of this, 63.7% (n = 2712) of x1 re- 

nfected and 68.9% (n = 135) of x2 reinfected individuals were 

ale and surprisingly young, falling in the (26-35 year) age group, 

ith the median age of onset being 32 and 29 years old, respec- 

ively, as presented in Table 1 . The time lapses between each con- 

ecutive SARS-CoV-2 infection episode varied considerably, rang- 

ng from 90-600 days. In our cohort, over 60% of x1 reinfected 

ases (n = 2819) had longer disease intervals, between 200 and 

00 days ( Table 1 ). Notably, of the whole cohort, approximately 

2% (n = 960) of variant sequencing data were collected, as shown 

n Table 1 , corresponding to those who arrived from overseas as 

 result of reopening the Saudi borders in May 2021. The major- 

ty (88.2%; n = 847) of these reinfected individuals harbored delta 

B.1.617.2) variants and delta plus (AY.1) with K417N mutations, 
760 
ollowed by beta variants (5.1%; n = 49). Indeed, delta variants 

tarted spreading profusely and uncontrollably from July 2021 on- 

ards and could potentially explain the sudden surge in COVID-19 

ases in Saudi and reinfection frequency over the summer of 2021. 

Our observation of vaccination and the incidence of reinfection 

howed that although more than 65% of x1 reinfected individuals 

ere unvaccinated (n = 2823), only 2.3% (n = 96) received two 

oses of vaccination before the reinfection, where about 60% of 

ases received their first doses from BNT162b2 (Pfizer-BioNTech) 

nd 40% from ChAdOx1 (AstraZeneca) (Supplementary Table 1). 

imilarly, 62% of second vaccine doses were administered by 

NT162b2 (Pfizer-BioNTech), 30% by ChAdOx1 (AstraZeneca), and 

nly 8% by mRNA-1273 (Moderna). The average time interval be- 

ween vaccination and subsequent infection ranged from 36-73 

ays (Supplementary Table 1). Remarkably, of the 957 x1 rein- 

ected individuals with variant sequencing data collected, approxi- 

ately 42.5% (n = 407) were vaccinated, and the majority (89.9%; 

 = 366) harbored delta variants (Supplementary Table 2). 

We further investigated all the vaccinated reinfected individu- 

ls, grouped based on their SARS-CoV-2 infection and vaccination 

ourney ( Figure 1 ). We observed that whilst the minority of x1 re- 

nfected individuals (0.3%; n = 5) developed a breakthrough in- 

ection within an average of 41 days (SD 43; median 22 days, in- 

erquartile range [IQR] 7-63) after two doses of vaccination and a 

econd infection within an average of 114 days from the first infec- 

ion; the majority (89.8%; n = 1288) had their primary infections 

nd reinfections flanked by the first vaccine dose, with the time 

nterval between the first vaccination and secondary infection av- 

raged 73 days (SD 41; median 73 days, IQR 37-104) ( Figure 1 a).

onversely, for the x2 reinfected individuals (n = 196), only 10.7% 
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Figure 1. Timeline showing all the different scenarios of SARS-CoV-2 reinfection and vaccination journey. 

These scenarios were given across different groups of individuals who were x1 reinfected ( a ) and x2 reinfected ( b ) vaccinated, whereby the average time interval between 

each infection episode (red) and dose of vaccination (blue) is provided in days, regardless of the type of vaccination and severity of symptoms. 
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n = 21) were vaccinated, with 33.3% (n = 7) of individuals in- 

ected for the third time within an average of 45 days after the 

econd vaccine dose ( Figure 1 b). 

OVID-19 Related Comorbidities for Reinfected Cases 

We next investigated the association of comorbidities within 

ur cohort to get a better understanding of the population more 

rone to SARS-CoV-2 reinfection. Among the reinfected cohort 

tudied, we retrieved the comorbidity information from 1029 pa- 

ients, corresponding to 23.1% of reinfected individuals. It is worth 

entioning that a reinfected individual can experience more than 

ne comorbidity simultaneously. Consistent with previous findings 

hat patients who are immunocompromised, such as those who 

eceived organ transplants (particularly renal transplants) and pa- 

ients with uncontrolled diabetes mellitus, are at a higher risk 

f reinfections with SARS-CoV-2 ( Belsky et al ., 2021 ), our data 

howed that diabetes, followed by hypertension, obesity, and res- 

iratory diseases were the most common comorbidities associated 

ith COVID-19 reinfections among the x1 and x2 reinfected cohort 

 Table 2 ). 

OVID-19 Severe Disease and Mortality Rate for Reinfected Cases 

To evaluate the association between SARS-CoV-2 reinfections 

nd severe disease among the x1 reinfected individuals, 31 (0.7%) 

atients were admitted into the ICU; 26 (83.9%) of these cases 

ere unvaccinated, whereas five (16.1%) had received their first 

accine doses. All these patients received life support during hos- 

italization, including invasive mechanical ventilation (76.9%), and 

he median length of hospital stay was 8 days. Similar to non- 
761 
CU cases, 50.2% of these x1 reinfected patients in ICU had dia- 

etes, 11.4% had chronic kidney disease, 11% had hypertension, and 

.4% had opportunistic bacterial infections. There were only three 

1.5%) ICU cases in the x2 reinfection group, all of whom were 

nvaccinated, two of them were older than 60 years, and two of 

hem had chronic kidney disease. Furthermore, to determine the 

requency of mortality rate due to SARS-CoV-2 reinfections, of the 

90 0 0 current COVID-19 deaths in Saudi Arabia, four were x1 re- 

nfected cases, all of whom were unvaccinated, and three of them 

ad comorbidities, including hypertension. No death was recorded 

or the x2 reinfections among our study cohort (Supplementary 

able 3). These findings indicate that previous infection confers 

trong protection against mortality and further reinforces the im- 

ortance of vaccination to provide immunity against severe COVID- 

9 and death. 

isk Factors Associated with SARS-CoV-2 Reinfections 

Finally, we determined the risk factors contributing to SARS- 

oV-2 reinfections using a multivariate logistic regression model, 

sing x1 reinfection data. The ORs and 95% confidence intervals 

CIs) were reported for each risk factor (Supplementary Table 4). 

he x1 reinfected cases were compared against two control groups: 

on-reinfected individuals reporting a positive PCR test (control 

roup one) ( Figure 2 a) and reporting a negative PCR test (control 

roup two) ( Figure 2 b). 

As shown in Figure 2 a, reinfection was largely associated with 

accination status; unvaccinated individuals were approximately 

wo times more likely to be reinfected than primarily infected in- 

ividuals (OR 2.2, 95% CI 1.7-2.9; P < 0.0 0 01). The probability of 

hose who had their second vaccine doses after 21 days of be- 
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Table 2 

The prevalence of comorbidities associated with COVID-19 reinfections, with confirmed clinical admissions 

and self-reported data. 

Comorbidities or 

Immunodeficiencies 

No. (%) 

x1 Reinfected Individuals x2 Reinfected Individuals 

Diabetes 191 (19.2) 6 (17.1) 

Hypertension 177 (17.8) 9 (25.7) 

Obesity 159 (16) 7 (20) 

Respiratory Diseases 127 (12.8) 5 (14.2) 

Cardiovascular Diseases 116 (11.7) 2 (5.7) 

Cancer 54 (5.4) 0 

HIV Infection 43 (4.3) 0 

Pregnancy 42 (4.2) 1 (2.9) 

Immunosuppressive Drugs 24 (2.4) 1(2.9) 

Chronic Kidney Disease 24 (2.4) 2 (5.7) 

Sickle Cell Anemia 22 (2.2) 1 (2.9) 

History of Stroke 8 (0.8) 0 

Organ Transplant 7 (0.7) 1 (2.9) 

Total 994 35 

HIV, Human Immunodeficiency Virus. 

Data are No. (%). 

Figure 2. Multivariate logistic regresssion analysis of SARS-CoV-2 reinfection risk factors. 

Forest plots showing the association between risk factors and SARS-CoV-2 reinfections for a set of demographic and clinical variables for both control groups. The squares 

and horizontal lines represent the odds ratios (ORs) for each risk factor and their associated 95% confidence intervals (CIs), respectively. An odds ratio larger than one means 

that the exposure to the risk factor increases the reinfection outcome (and vice versa ). (a) . Reinfection cases with primarily infected control group one (blue squares). (b) . 

Reinfection cases with noninfected control group two (red squares). 

CI, Confidence interval; OR, Odds ratios 
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ng reinfected was reduced by more than 87% for both the ChA- 

Ox1 vaccine (OR 0.1, 95% CI 0.1-0.2; P < 0.0 0 01) and the BNT162b2

accine (OR 0.1, 95% CI 0.1-0.2; P < 0.0 0 01) compared with con- 

rol group one. To determine which comorbidities were associated 

ith a higher risk for reinfections, we observed that HIV infections 

OR 2.5, 95% CI 1.3-5.2; P = 0.009), obesity (OR 2.3, 95% CI 1.3-3.9;

 = 0.003), followed by chronic kidney disease (OR 1.7, 95% CI 1.2- 

.4; P = 0.004) were highly associated with reinfection against pri- 
762 
ary infected individuals. We observed a similar pattern for con- 

rol group two, whereby individuals who tested negative were less 

ikely to have the aforementioned comorbidities, except for organ 

ransplant (OR 1.0, 95% CI 0.5-1.8 ; P = 0.872), although it was not 

ignificant owing to the small sample size ( Figure 2 b). Moreover, 

ndividuals known to have a compromised immune system, such as 

regnant women and individuals taking immunosuppressive drugs, 

ere more likely to get reinfected, with an average OR of 5.7 and 
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Figure 2. Continued 
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.0 for both control groups, respectively. Interestingly, we observed 

hat working in health care was associated with a high risk score 

f being reinfected (OR 6.1, 95% CI 3.1-12.9; P < 0.0 0 01) against

ontrol group one and (OR 4.6, 95% CI 2.4-9.6; P < 0.0 0 01) against

ontrol group two. 

It is worth noting that the ORs for the two control groups were 

argely consistent throughout, enabling unbiased risk factors analy- 

is and a risk profile for reinfection (Supplementary Table 4). There 

ere, however, some disparities in our analysis. For example, we 

id not observe any vaccine protection after the first dose for ChA- 

Ox1 and BNT162b2, which suggests a waning in vaccine protec- 

ion that is consistent with published data ( Figure 2 b). The predic- 

ive power of the multivariate logistic regression model using the 

2 reinfection cohort (n = 196) as an independent testing dataset 

as evaluated to be 65% for control group one and 55% for control 

roup two ( Figure 3 ). Such predictive accuracy on new indepen- 

ent data lends stronger support to the results in Figure 2 , which 

epicts several risk factors associated with SARS-CoV-2 reinfection. 

iscussion 

To the best of our knowledge, we presented one of the largest 

ohorts of multiple reinfections with SARS-CoV-2, with insights 

nto their clinical and demographic characteristics and outcomes. 

t is worth noting that this study was conducted over a 20-month 

ollow-up period (March 01, 2020 to December 01, 2021), encom- 

assing three pandemic waves, with the third wave associated 

ith the highly transmissible delta variant. All the data were ex- 

racted retrospectively, with individuals reinfected with SARS-CoV- 

 meeting the criteria of more than 90 days between each infection 

pisode regardless of their symptoms, thereby reducing any bias in 

he selection process. 
763 
We reported in this study 4258 x1 reinfections and 196 x2 re- 

nfections, corresponding to a reinfection rate of 0.8% (95% CI 0.7- 

.8; P < 0.0 0 01) in Saudi Arabia from the period of March 01, 2020

o December 01, 2021. This is akin to an earlier report on rein- 

ections from our neighboring country, Qatar, which estimated the 

einfection rate at 0.7 per 10,0 0 0 individuals (95% CI 0.6-0.8) ( Abu-

addad et al ., 2021d ). However, looking at a large observational 

tudy conducted among more than 50 0,0 0 0 individuals in Den- 

ark in 2020, 0.7% of individuals who tested positive by PCR in 

arly 2020 tested positive again in late 2020 ( Hansen et al ., 2021 ).

evertheless, none of these studies included a follow-up duration 

f more than a year, and most studies were completed before the 

dentification of the beta and delta variants ( Murchu et al ., 2021 ).

n our study, reinfections occurred within an average of 8.4 months 

SD 3.2; median 8.9 months; IQR 5.5-11.1) after the first infection 

pisode. 

Reinfection suggests that the immune response to a primary 

nfection alone was not adequate to provide sufficient protection 

gainst secondary infections. However, we reported that the ma- 

ority of reinfected individuals were unvaccinated and had co- 

orbidities. This supports previous findings that antibody levels 

n natural infection are not high enough without vaccination and 

hat the population known to be immune-deficient will be more 

rone to reinfection, including health care workers ( Antonelli et al ., 

022 ; Belsky et al ., 2021 ; Overbaugh, 2020 ). Therefore, to reduce 

he likelihood of future reinfections, the study suggests target- 

ng this specific vulnerable group for COVID-19 vaccination, even 

f they have been previously infected with SARS-CoV-2. This is 

onsistent with many studies, showing the additional protectiv- 

ty of vaccines against infection among infected populations ( Abu- 

addad et al ., 2021a , 2021b ; Townsend et al ., 2021 ). Surprisingly,

ur study cohort consisted of young adults, with the majority of 
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Figure 3. Predictive accuracy of the multivariate logistic regression model. 

Prediction model using the x2 reinfection cohort (n = 196) against two nonreinfected control groups; the primarily infected individuals depicted in a blue line (control one) 

and individuals with negative PCR shown in a red line (control two). The area under the curve (AUC) score is given for each receiver operating characteristic (ROC) curve. 

AUC, Area under the curve; ROC, Receiver operating characteristics. 
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einfected individuals under the age of 30. This could be explained 

y recent census data from the Saudi general authority for statis- 

ics (2021) that more than 70% of the Saudi population are under 

he age of 30. Overall, we have observed that vaccination reduced 

he hospitalization and mortality rate among reinfected individu- 

ls. This finding supports CDC recommendations that all eligible 

ersons be offered COVID-19 vaccination, regardless of previous 

ARS-CoV-2 infection status. 

Although our sequencing data are limited, we were still able to 

escribe the association between the recrudescence of reinfected 

ases in Saudi Arabia and the reopening of the Kingdom, coinciding 

ith the emergence of variants, supported by the high prevalence 

f delta variants in our cohort and the vaccination status among 

he sequenced subgroup of individuals, demonstrating a waning in 

accine protection against SARS-CoV-2 infection. However, we have 
764 
hown here that severe illness resulting in intensive care hospital- 

zations and death in reinfected individuals is a rare phenomenon 

nd mainly occurs among the unvaccinated group, suggesting ac- 

uired protection from multiple episodes of infection as shown by 

everal studies ( Abu-Raddad et al ., 2021a , 2021c ). Multiple reinfec- 

ions and vaccination, so-called hybrid immunity, should provide 

trong immune protection against severe and fatal diseases, which 

s reassuring given the frequent resurgence of cases worldwide 

 Abu-Raddad et al ., 2021c ; Jeffery-Smith et al ., 2021 ). However, a

orrying new variant called omicron (B.1.1.529), first detected in 

outh Africa on November 24, 2021 and later in Saudi Arabia on 

ecember 01, 2021, has shown its capability to evade natural and 

accine-induced immunity ( Chaguza et al ., 2022 ; Wilhelm et al ., 

021 ). Indeed, reinfections due to omicron have already been re- 

orted to be more frequent ( Pulliam et al ., 2022 ). Further studies 
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n omicron will be needed, although early reports do not indicate 

 more severe disease (Karim and Karim, 2021 ). 

Nevertheless, there remains to be further investigations: the 

isk of reinfection is likely to be related to the antigenic drift of 

ARS-CoV-2 toward an immunoresistant profile rather than a de- 

line in acquired immunity, as most cases reported in this study 

ere based on a positive RT-PCR test without genomic sequencing 

o confirm reinfection. Another source of concern is the resurgence 

f infections among those vaccinated with three doses ( Kuhlmann 

t al ., 2022 ). Further analysis of individuals with multiple reinfec- 

ions who received a third vaccine dose would be useful to explain 

he omicron wave observed from December 2021 worldwide. 
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