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a b s t r a c t 

Objectives: The predictors of SARS-CoV-2 reinfection are unclear. We examined predictors of reinfection 

with pre-Omicron and Omicron variants among COVID-19-recovered individuals. 

Methods: Randomly selected COVID-19-recovered patients (N = 1004) who donated convalescent plasma 

during 2020 were interviewed between August 2021 and March 2022 regarding COVID-19 vaccination 

and laboratory-proven reinfection. The sera from 224 (22.3%) participants were tested for antispike (anti- 

S) immunoglobulin G and neutralizing antibodies. 

Results: The participants’ median age was 31.1 years (78.6% males). The overall reinfection incidence rate 

was 12.8%; 2.7% versus 21.6% for the pre-Omicron (mostly Delta) versus Omicron variants. Negative asso- 

ciations were found between fever during the first illness and pre-Omicron reinfection: relative risk 0.29 

(95% confidence interval 0.09-0.94), high anti-N level at first illness and Omicron reinfection: 0.53 (0.33- 

0.85), and overall reinfection: 0.56 (0.37-0.84), as well as between subsequent COVID-19 vaccination with 

the BNT162b2 vaccine and pre-Omicron 0.15 (0.07-0.32), Omicron 0.48 (0.25-0.45), and overall reinfec- 

tions 0.38 (0.25-0.58). These variables significantly correlated with immunoglobulin G anti-S follow-up 

levels. High pre-existing anti-S binding and neutralizing antibody levels against the SARS-CoV-2 Wuhan 

and Alpha strains predicted protection against Omicron reinfections. 

Conclusion: Strong immune responses after the first COVID-19 infection and subsequent vaccination with 

the BNT162b2 vaccine provided cross-protection against reinfections with the Delta and Omicron variants. 

© 2023 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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Like many countries, Israel experienced several epidemic waves 

f COVID-19. The original SARS-CoV-2 Wuhan and the Alpha vari- 

nts were the causes of the first three COVID-19 waves, while the 

elta and the Omicron family variants were predominant in the 

ourth and fifth waves, respectively [1] . On December 19, 2020, Is- 

ael introduced the BNT162b2 mRNA vaccine in a vigorous immu- 
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ization campaign, starting with the two-dose regimen, which con- 

erred high protection against overall SARS-CoV-2 infection, COVID- 

9 hospitalizations, and deaths [2–5] . Vaccination with one dose 

or COVID-19-recovered individuals at least 3 months after recov- 

ry has been recommended since March 2021. In July 2021, Is- 

ael was the first country to introduce a third vaccine dose (first 

ooster) 5 months or more after the second dose [6] to contain the 

elta variant-associated surge. A fourth injection of the BNT162b2 

accine (second booster) was approved on December 31, 2021 for 

esidents of long-term care facilities and later, for the general pop- 

lation aged 60 years or older [ 7 , 8 ]. The goal was to provide cross-

rotection against SARS-CoV-2 infections associated with the Omi- 

ron variant that surged in Israel after mid-December 2021 and 

revent severe illness. Indeed, among the Israeli population aged 

0 years or older, the protection conferred by the fourth BNT162b2 

ose ranged from 45% to 50% against infection and 62% to 71% 

gainst severe COVID-19 1-4 weeks after vaccination compared 

ith vaccination with three doses 4 months or earlier [7–9] . 

It was shown that COVID-19-recovered individuals who re- 

eived one or more COVID-19 vaccine doses had a lower risk of 

einfection with SARS-CoV-2 Wuhan (wild-type), Alpha, and Delta 

ariants than recovered individuals who were not further vacci- 

ated or individuals who received the vaccine only [10–13] . De- 

pite this evidence less is known about the short- and long-term 

rotection conferred by hybrid immunity, namely the combined ef- 

ect of naturally acquired immunity and vaccine-induced immunity 

gainst SARS-CoV-2 variants belonging to the Omicron family and 

ow this correlates with the binding and neutralizing antibody lev- 

ls against the corresponding variants [ 10 , 14 , 15 ]. 

The aim of this study was to examine potential predictors of 

einfection with pre-Omicron and Omicron variants among indi- 

iduals who recovered from COVID-19 during the first year of the 

andemic. Particularly, we assessed the role of immunoglobulin 

IgG) antibody response to the nucleocapsid (N) antigen after the 

rimary SARS-CoV-2 infection, demographics and clinical indica- 

ors during the primary (first) COVID-19 episode, and subsequent 

OVID-19 vaccination with the BNT162b2 vaccine. Eventually, we 

xamined whether the risk of reinfection with Omicron variants 

as associated with pre-existent binding and neutralizing antibody 

evels induced by pre-Omicron SARS-CoV-2 infection and/or vacci- 

ation with the BNT162b2 vaccine based on Wuhan strain-derived 

pike (S) antigen. 

aterials and methods 

tudy population and design 

COVID-19 convalescent plasma (CCP) donors (n = 5486) 

etween April 4, 2020 and April 26, 2021 who recovered 

rom reverse transcription-polymerase chain reaction (RT-PCR)- 

ocumented SARS-CoV-2 infection and were tested for anti-N 

ARS-CoV-2 antibodies were followed up. Recovery from COVID-19 

as determined by two consecutive negative RT-PCR test results, at 

east 24 hours apart, after symptoms have resolved. An additional 

4-day deferral was needed before plasma collection. 

Serological testing and plasma donations were performed ap- 

roximately 6 weeks after disease onset in the framework of Ma- 

en David Adom (MDA) National Blood Services. The CCP donors 

ere males or nulliparous females [16] . Donors signed written 

nformed consent for the CCP collection and filled-in the donor 

ealth questionnaire. 

In this prospective study, a random age-stratified sample of 

158 individuals was selected among the 5486 CCP donors for a 

ollow-up assessment comprising interviews from August 9, 2021 

o December 15, 2021, capturing the Delta wave, and from De- 

ember 16, 2021 to March 28, 2022, capturing Omicron waves 
73 
Supplementary Figure 1). The CCP donors interviewed were asked 

n the history of COVID-19 vaccination, frequency of testing, and 

aboratory-proven reinfection (and symptoms) occurring between 

he date of the primary COVID-19 illness and the date of the inter- 

iew. CCP donors who agreed to participate were invited to MDA 

onation sites to provide a blood sample for SARS-CoV-2 serol- 

gy testing. The pre-Omicron component of the study included all 

004 participants as the population at risk. The actuarial period, 

n which we counted new pre-Omicron SARS-CoV-2 reinfections, 

panned from at least 3 months after the primary infection un- 

il December 15, 2021. The Omicron component included 473 of 

he 1004 participants interviewed between December 16, 2021 and 

arch 28, 2022 as the population at risk in the actuarial period, 

uring which we counted new SARS-CoV-2 reinfections (predomi- 

antly Omicron variants B.A.1 and B.A.2) [1] . 

efinitions 

he outcome variables 

1. Reinfection with SARS-CoV-2, which was defined as a self- 

report on positive RT-PCR test result at least 3 months after 

the recovery from primary COVID-19 episode, and those with 

COVID-19-related symptoms were considered as having symp- 

tomatic reinfection. In the Omicron study component, SARS- 

CoV-2 infection confirmation was based on either RT-PCR or 

antigen positivity, compatible with the standard of care during 

this period. 

2. IgG anti-S antibody level as measured by the Abbott anti-S 

chemiluminescent immunoassay (CLIA) kit in each serum sam- 

ple and expressed as geometric mean concentrations (GMCs). 

3. Neutralizing antibody titers as detected by the SARS-CoV-2 mi- 

croneutralization assay against SARS-CoV-2 Wild-type, Alpha 

B.1.1.7, Delta B.1.617.2, and Omicron B.1.1.529 variants. 

xposure variables 

The exposure variables included demographics (age in years 

nd sex), fever (measured body temperature > 38 °C), and hospi- 

alization (yes or no), all during the primary COVID-19 illness, as 

eported by the participants at the first CCP donation. Anti-N IgG 

ntibody level (dichotomous variable) was defined as “low”, rang- 

ng from negativity to a value below 4 Signal-to-cutoff ratio (S/CO), 

nd “high”, equal or above 4 S/CO [17] , as measured before the first 

CP donation. COVID-19 vaccination status was defined as self- 

eport on the number of BNT162b2 vaccine doses received at least 

 months after the primary SARS-CoV-2 infection and until the in- 

erview date. 

aboratory methods 

All primary illness CCP serum samples were tested for anti-N by 

LIA, performed on the Architect i20 0 0 SR (Abbott, Green Oaks, IL, 

SA) automated immunoassay analyzer [17] . A quantitative mea- 

urement of IgG anti-S antibodies was performed by the same 

ethodology on Abbott Architect i20 0 0 automated immunoassay 

nalyzer, following the manufacturer’s instructions. The follow-up 

era were re-tested for total antibodies (including IgG) to SARS- 

oV-2 N antigen using the electro-CLIA (ECLIA) (Elecsys Anti-SARS- 

oV-2, Roche Diagnostics, Rotkreuz, Switzerland). 

Viral isolation of the Wild-type, Beta, Delta, and Omicron vari- 

nts, viral titration, and microneutralization assay were performed 

s previously described [18] (Supplementary Material). IgG anti-S 

nd neutralizing antibody levels to the Wuhan (wild-type) strain 

ere calibrated against the National Institute for Biological Stan- 

ards and Control International Standard 20/136; the results we 

xpressed in binding arbitrary units (BAU/ml) and international 
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nits/ml, respectively [ 19 , 20 ], which facilitates international com- 

arisons. 

tatistical analysis 

Data were analyzed using IBM SPSS version 28 (IBM Corpora- 

ion, Armonk, NY, USA). We calculated the cumulative incidence of 

ARS-CoV-2 reinfection (per 100 persons) according to the expo- 

ure variables, separately for the pre-Omicron and Omicron peri- 

ds. Bivariate and multivariable analyses were performed using the 

egative binomial regression, with the log link model with reinfec- 

ion as the dependent variable, yielding risk ratios (RRs) with cor- 

esponding 95% confidence intervals (CIs). The homogeneity of the 

ssociations between the various predictors and reinfection with 

re-Omicron and Omicron SARS-CoV-2 was examined using the 

reslow-Day test of homogeneity. A sensitivity analysis included a 

eanalysis of data using the Poisson log-linear regression, in which 

erson-months of each participant from the primary SARS-CoV-2 

nfection until the reinfection was used as an offset. We also used a 

est-negative case-control study design, in which cases comprised 

articipants with reinfection and the controls those who tested 

egative implementing logistic regression models that yielded odds 

atios and 95% CI. 

The IgG anti-S antibody concentrations and neutralizing anti- 

ody titers were expressed as geometric mean concentration or 

iter (GMC or GMT) (with 95% CI) by the exposure variables. Bivari- 

te analyses, using Student’s t -test, one-way analysis of variance, 

nd Spearman rank correlation coefficients, and multivariate linear 

egression models were used to identify correlates of the concen- 

ration of anti-S antibodies. All tests were two-tailed and P -values 

 0.05 were considered statistically significant. 

esults 

Of the 2158 randomly selected CCP donors, 1044 were suc- 

essfully contacted. Of those, 1004 (median age 31.1 years, 78.6% 

ales) agreed to participate and completed the questionnaire; 224 

rovided a blood sample for SARS-CoV-2 serology testing shortly 

fter the interview (Supplementary Figure 2). A subset of 82 par- 

icipants had the sera collected before the surge of the Omicron 

ave. 

Of the 1004 participants, 60.8% had fever and 15.3% were hos- 

italized during the course of the primary COVID-19 episode be- 

ween March 2020 and March 2021; 45.2%, 33.5%, and 7.6% sub- 

equently received one, two, and three or more doses of the 

NT162b2, respectively, and 13.7% remained unvaccinated. The par- 

icipants had similar characteristics to the overall cohort of 5458 

CP donors (Table S1, Supplementary material). 

eterminants of SARS-CoV-2 reinfection: the pre-Omicron study 

omponent 

Overall, 27 participants (of 1004) had SARS-CoV-2 reinfections 

uring the pre-Omicron era, (until December 15, 2021), yielding 

n incidence rate of 2.7% (95% CI 1.8-3.8) ( Table 1 ); of those, 22

ere symptomatic. These reinfections (mostly Delta variant) oc- 

urred between 4.6 and 18.0 months after the primary COVID-19 

llness (median = 11.4 months; interquartile range = 6.8-13.6). 

The risk of reinfection was significantly reduced by 71% 

 P = 0.039) in recovered individuals with fever during the primary 

OVID-19 episode than those without fever and by 85% ( P < 0.001) 

mong individuals who were subsequently vaccinated with the 

NT162b2 vaccine versus unvaccinated ones ( Table 2 ). The reinfec- 

ion risk reductions were similar when the vaccinees group was di- 

ided into three groups according to the number of vaccine doses 

eceived ( Table 1 and 2 ). In the multivariable model, having fever 
74 
uring the primary COVID-19 illness (adjusted RR 0.23 [95% CI 

.07-0.80], P = 0.021) and subsequent COVID-19 vaccination (ad- 

usted RR 0.07 [95% CI 0.02-0.23], P < 0.001) remained significantly 

ssociated with a decreased risk of reinfection, respectively (Table 

2, Supplementary material). 

eterminants of SARS-CoV-2 reinfection during the Omicron B.A.1 

nd B.A.2 wave 

The overall incidence of reinfection during the Omicron (De- 

ember 16, 2021 to March 28, 2022) wave was 21.6% (102/473; 

5% CI 18.0-25.4) ( Table 1 ); of those, 90 (88.2%) had symptoms. 

hese reinfections occurred between 12.7 and 22.2 months after 

he primary COVID-19 illness (median = 16.8 months, interquartile 

ange = 15.7-18.4). 

The risk of reinfection was significantly lower by 39% 

 P = 0.036) in recovered participants aged 35 years and older than 

n younger ones, by 47% ( P = 0.008) in those with high anti-N an-

ibody level after the primary COVID-19 episode versus those with 

ow anti-N antibody levels, and by 52% ( P = 0.007) in COVID-19 

accinees versus unvaccinated ones ( Table 2 ). A linear trend of de- 

reased reinfection rate with Omicron variants ( P = 0.001) was as- 

ociated with the number of vaccine doses received ( Tables 1 and 

 ). In the multivariable model, a high anti-N antibody level at the 

rimary episode and subsequent COVID-19 vaccination were sig- 

ificantly associated with a lower risk of reinfection: adjusted RR 

.59 (95% CI 0.36-0.95), P = 0.031 and adjusted RR 0.47 (95% CI 

.28-0.82]), P = 0.007, respectively (Table S3, Supplementary ma- 

erial). 

The homogeneity analysis of the associations between the var- 

ous predictors and reinfection with pre-Omicron and Omicron 

ARS-CoV-2 variants showed no significant interactions ( Table 1 ), 

nabling a pooled analysis of the predictors of reinfection inci- 

ence ( Tables 1 , 2 and S4). 

Similar results on the association between predictors and the 

isk of reinfection were obtained in sensitivity analyses using the 

oisson regression model and the test-negative case-control analy- 

is (Tables S5-S12, Supplementary material). 

RT-PCR or antigen testing to detect SARS-CoV-2 reinfections was 

imilar across the exposure variables among the participants (Table 

13). 

orrelates of anti-S IgG levels 

The characteristics of individuals who provided a blood sample 

t the follow-up (224/1004, 22.3%) were similar to those of the en- 

ire cohort of 1004 participants (Table S1, Supplementary material). 

Tables 3 displays the serological results of anti-S IgG levels in 

04 participants who had no documented reinfection during the 

tudy, showing the net effect of the independent variables on the 

gG anti-S antibody level at the follow-up. A significant 3-fold in- 

rease in IgG anti-S GMTs (854 [95% CI 664-1098]) was detected in 

ecovered individuals who had high IgG anti-N levels at their first 

lasma donation than those with low or undetectable levels IgG 

nti-N levels (234 [95% CI 147-372]), ( P < 0.001)]. A total of 87% 

ercent of individuals positive for anti-N at primary infection were 

till positive at the follow-up measurement. Participants vaccinated 

fter recovery from COVID-19 had an IgG anti-S GMC that was 13- 

old higher than unvaccinated ones (716 [95% CI 579-885] vs 38 

95% CI 14-100], respectively, P < 0.001). Moreover, a dose-response 

elationship, albeit not statistically significant, was found between 

he number of vaccine doses received and GMC levels ( Table 3 ). 

he time (in months) from the first CCP donation to the follow- 

p serological test correlated positively with the anti-S IgG levels 

Spearman r = 0.293 ( P < 0.001) ( Table 3 ). 
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Table 1 

Determinants of reinfection with SARS-CoV-2 in the pre-Omicron and Omicron waves. 

Pre-Omicron Omicron Overall 

n/total (%) P -value ∗ n/total (%) P -value ∗ n/total (%) P -value ∗ P for interaction 

Overall 27/1004 (2.7%) 102/473 (21.6%) 129/1004 (12.8%) 

Age, years 

18-34 15/576 (2.6%) 0.846 70/271 (25.8%) 0.009 85/576 (14.8%) 0.036 0.125 ∗∗

≥35 12/428 (2.8%) 32/202 (15.8%) 44/428 (10.3%) 

Sex 

Males 21/789 (2.7%) 1.000 80/378 (21.2%) 0.677 101/789 (12.8%) 0.909 0.845 ∗∗

Females 6/215 (2.8%) 22/95 (23.2%) 28/215 (13.0%) 

Fever at primary infection 

< 38 °C 9/258 (3.5%) 0.041 24/108 (22.2%) 0.886 33/258 (12.8%) 0.905 0.158 ∗∗

≥38 °C 4/400 (1.0%) 46/217 (21.2%) 50/400 (12.5%) 

Hospitalization at primary infection 

Yes 8/154 (5.2%) 0.053 13/58 (22.4%) 0.865 21/154 (13.6%) 0.793 0.302 ∗

No 19/850 (2.2%) 89/415 (21.4%) 108/850 (12.7%) 

Anti-N at primary infection 

Negative & Positive - up to 4 20/603 (3.3%) 0.164 74/276 (26.8%) 0.001 94/603 (15.6%) 0.001 0.678 ∗∗

Positive 4 + 7/401 (1.7%) 28/197 (14.2%) 35/401 (8.7%) 

COVID-19 vaccination status 

0 doses 14/138 (10.1%) < 0.001 24/61 (39.3%) < 0.001 38/138 (27.5%) < 0.001 0.133 ∗∗

1 + doses 13/866 (1.5%) 78/412 (18.9%) 91/866 (10.5%) 

COVID-19 vaccination status 

0 doses 14/138 (10.1%) < 0.001 24/61 (39.3%) 0.001 38/138 (27.5%) < 0.001 0.489 # 

1 dose 8/454 (1.8%) 44/199 (22.1%) 52/454 (11.5%) 

2 doses 5/336 (1.5%) 28/162 (17.3%) 33/336 (9.8%) 

3 + doses 0/76 (0%) 6/51 (11.8%) 6/76 (7.9%) 

∗ P -value by Fisher’s exact test. 
∗∗ Breslow-Day test of homogeneity. 
# Negative binomial regression with log link models testing for interaction. 

Table 2 

Bivariate analysis of determinants of reinfection with SARS-CoV-2 in the pre-Omicron and Omicron waves. 

Pre-Omicron Omicron Overall 

Unadjusted RR (95% CI) ∗ P -value a Unadjusted RR (95% CI) a P -value a Unadjusted RR (95% CI) ∗ P -value a 

Age, years 

18-34 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) - 

≥35 1.08 (0.5-2.32) 0.851 0.61 (0.39-0.97) 0.036 0.69 (0.47-1.02) 0.066 

Sex 

Males 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) - 

Females 1.05 (0.42-2.63) 0.920 1.09 (0.65-1.85) 0.736 1.01 (0.65-1.58) 0.940 

Fever at primary infection 

< 38 °C 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) - 

≥38 °C 0.29 (0.09-0.94) 0.039 0.95 (0.55-1.65) 0.865 0.97 (0.61-1.55) 0.923 

Hospitalization at primary infection 

Yes 2.32 (1.00-5.40) 0.050 1.05 (0.55-1.99) 0.893 1.07 (0.652-1.76) 0.781 

No 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) - 

Anti-N at primary infection 

Negative & Positive-up to 4 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) - 

Positive 4 + 0.53 (0.22-1.26) 0.148 0.53 (0.33-0.85) 0.008 0.56 (0.37-0.84) 0.005 

COVID-19 vaccination status 

0 doses 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) - 

1 + doses 0.15 (0.07-0.32) < 0.001 0.48 (0.28-0.82) 0.007 0.38 (0.25-0.58) < 0.001 

COVID-19 vaccination status 

0 doses 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) - 

1 doses 0.17 (0.07-0.42) < 0.001 0.56 (0.32-0.99) 0.049 0.41 (0.26-0.65) < 0.001 

2 doses 0.15 (0.05-0.42) < 0.001 0.44 (0.24-0.82) 0.009 0.35 (0.21-0.59) < 0.001 

3 + doses - - 0.30 (0.11-0.79) 0.015 0.28 (0.11-0.70) 0.007 

Time from primary infection to interview, 

(months, continuous variable) 

0.93 (0.83-1.04) 0.202 0.94 (0.86-1.04) 0.234 1.05 (0.98-1.11) 0.128 

CI, confidence interval; RR, risk ratio. 
a RR and P -values were obtained from bivariate negative binomial with log link models, with SARS-CoV-2 reinfection as the dependent variable. 

v

1

h

w

t

f

C

P

t

m

m

c  

S

a

A stratified analysis by anti-N levels at the first donation and 

accination status showed that the highest IgG anti-S GMC of 

067.5 (95% CI 857.9-1328.3) was measured in participants with 

igh anti-N IgG level at the first donation who subsequently 

ere vaccinated (Table S14, Supplementary material). In a mul- 

iple linear regression model, a high anti-N IgG level at first in- 

ection (beta coefficient 0.896 [95% CI 0.433-1.359], P < 0.001) and 

OVID-19 vaccination (beta coefficient 2.686 [95% CI 2.048-3.324], 
75 
 < 0.001) were significantly associated with the IgG anti-S level at 

he follow-up, as well as the time that elapsed between the pri- 

ary COVID-19 episode and serology testing (Table S15, Supple- 

entary material). The latter correlated with the number of vac- 

ine doses (Spearman r = 0.16, P = 0.029, n = 187). Tables S16 and

17 (Supplementary material) display the corresponding results in 

ll 224 participants. 
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Table 3 

Bivariate analysis of the correlates of anti-S IgG antibody levels at the follow-up assessment among participants without reinfection. 

Number 

interviewed 

Number tested 

for IgG anti-S 

Geometric mean 

concentration (95% CI) 

P -value a 

Age, years 

18-34 491 82 412 (291-583) 0.473 ∗

≥35 384 122 503 (341-741) 

Sex 

Males 688 173 467 (345-633) 0.913 ∗

Females 187 31 448 (258-777) 

Fever at primary infection 

< 38 °C 225 62 481 (274-843) 0.433 ∗

≥38 °C 350 77 622 (428-903) 

Hospitalization at primary infection 

Yes 133 38 656 (370-1164) 0.226 a 

No 742 166 429 (316-582) 

Anti-N at primary infection 

Negative & Positive - up to 4 509 96 234 (147-372) < 0.001 a 

Positive 4 + 366 108 854 (664-1098) 

COVID-19 vaccination status 

0 doses 100 30 38 (14-100) < 0.001 a 

1 + doses 775 174 716 (579-885) 

COVID-19 vaccination status 

0 doses 100 30 38 (14-100) < 0.001 b 

1 dose 402 79 603 (431-844) 

2 doses 303 72 802 (578-1113) 

3 + doses 70 23 906 (551-1489) 

Time from 1 st vaccine to anti-S testing, months 128 r = -0.084 c 0.345 

Time from primary infection to anti-S testing, months 194 r = 0.293 c < 0.001 

CI, confidence interval; Ig, immunoglobulin; S, spike. 
a P -value was obtained by Student’s t -test or b independent sample Kruskal-Wallis test 
c Spearman correlation coefficient 

Table 4 

Pre-existent IgG anti-S antibodies and neutralizing antibodies geometric mean concentration/geometric mean titer (95% 

confidence intervals) and reinfection with Omicron-related variants. 

Reinfection P -value a 

No (n = 54) Yes (n = 28) 

Pre-existent IgG anti-S (binding arbitrary unit/ml) 512 (315-834) 126 (54-293) 0.005 

Pre-existent NA against: 

Wild-type virus (titer) 682 (378-1229) 202 (70-584) 0.030 

Wild-type virus (IU/ml) 338 (191-598) 104 (38-284) 0.030 

Alpha (titer) 450 (248-817) 119 (37-87) 0.026 

Delta (titer) 397 (220-717) 157 (58-429) 0.089 

Omicron (titer) 30 (13-69) 9 (2-33) 0.103 

Ig, immunoglobulin; S, spike. 
a P -values were obtained by Student’s t -test for continuous variables and the Fisher’s exact test for dichotomous 

variables 
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re-existent IgG anti-S and neutralizing antibodies and reinfection 

ith Omicron variants 

Overall, 82 of the 224 participants who provided sera at the 

ollow-up had sera collected before the surge of the Omicron wave. 

articipants with no subsequent reinfection during the Omicron 

ave had significantly higher pre-existent IgG anti-S and neutral- 

zing antibodies to the wild-type SARS-CoV-2 and Alpha variants 

ut not to the Delta variant versus participants with reinfections. 

he anti-Omicron GMTs were low in the sera collected before the 

micron wave and not related to reinfection ( Table 4 ). Pre-existent 

n IgG anti-S binding and log2 neutralizing antibody titers to the 

our variants highly correlated (r = 0.82 to 0.87; P < 0.001). 

A threshold level of 800 BAU/ml derived from the distribution 

f logarithmic transformed levels of pre-existing binding IgG anti- 

 antibodies among individuals with and without reinfection with 

micron variants was associated with 58% (95% CI 2-82%) lower 

isk of reinfection with Omicron variants, and a threshold level of 

00 IU/ml of neutralizing antibodies against the ancestor Wuhan 

train was associated with 50% lower reinfection risk ( Table 5 ). 
76 
iscussion 

We determined the incidence of reinfection with pre-Omicron 

nd Omicron SARS-CoV-2 variants in a cohort of 1004 COVID-19 

CP donors. 

The main findings are that reinfections occurred in this highly 

mmune population of COVID-19 recovered individuals, who mostly 

ere vaccinated with the BNT162b2 vaccine. We found significant 

ssociations of history of post-primary infection COVID-19 vaccina- 

ion and pre-existent immune response with reinfection risk. 

The cumulative incidence of reinfection with Omicron variant 

as higher than reinfection with the pre-Omicron variants, likely 

ue to the higher transmission, greater immune escape of Omi- 

ron, or both [21–23] . 

Vaccination with at least one dose of BNT162b2 vaccine con- 

erred 85% protection against reinfection with pre-Omicron vari- 

nts. Recovered individuals with fever during the primary infec- 

ion had a significant 71% lower risk of reinfection during the pre- 

micron period, possibly due to more enhanced immune response 

uring the primary infection [24] . 
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Table 5 

Thresholds of pre-existent IgG anti-S antibodies and neutralizing antibodies and estimates of protection against reinfection with Omicron-related variants. 

Total Reinfection, n (%) Risk ratio (95% 

confidence interval) 

P -value Risk reduction 

Total 82 28 - - - 

Anti-S antibodies 

< 800 BAU/ml 54 23 (42.6%) Reference 0.029 58% (2%-82%) 

≥800 BAU/ml 28 5 (17.9%) 0.42 (0.18-0.98) 

Neutralizing antibodies to Wuhan strains 

< 500 IU/ml 40 19 (47.5%) Reference 0.035 50% (4%-74%) 

≥500 IU /ml 38 9 (23.7%) 0.50 (0.26-0.96) 

BAU, binding arbitrary unit; Ig, immunoglobulin; S, spike. 
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The risk of reinfection with Omicron variant was reduced by 

2% among recovered individuals vaccinated with BNT162b2 vac- 

ine and followed a dose-response pattern. In addition, the high 

evel of anti-N level at primary infection was associated with a 47% 

ower reinfection risk, thus highlighting the importance of both 

ariables in immunity against Omicron reinfection. Although vac- 

ination with BNT162b2 vaccine provides anti-S “booster” after the 

rimary SARS-CoV-2 infection, anti-N level at the first infection 

ikely reflects an extended breadth of the immune response, both 

ellular and humoral, including anti-S IgG binding and neutralizing 

ntibodies [25] and possibly antibodies against other viral epitopes. 

The highest anti-S GMC at the follow-up was found among re- 

overed participants with high anti-N level at the first infection 

ho subsequently received the BNT161b2 vaccine, followed by vac- 

inated ones who had a low baseline anti-N level, and finally, un- 

accinated individuals, thus emphasizing the pivotal role of COVID- 

9 vaccination in recovered individuals to attain sufficient immu- 

ity. Gazit et al. showed that persons with confirmed-SARS-CoV-2 

nfection who received a single dose of BNT162b2 vaccine at least 

 months after the primary infection had an 82% reduced risk of 

einfection versus recovered persons who did not receive COVID- 

9 vaccination [11] . This and other studies [ 11 , 14 ] on COVID-19-

ecovered individuals have captured mainly the Delta wave, and 

hey support our findings regarding the importance of COVID-19 

accination in recovered persons for the prevention of reinfection. 

 study from Qatar [10] showed that hybrid immunity resulting 

rom previous SARS-CoV-2 infection and recent receipt of a booster 

ose of COVID-19 mRNA vaccine conferred the strongest protection 

gainst Omicron infection. A vaccine boost in recovered individuals 

eaches the highest and most stable levels of binding and func- 

ional antibodies against SARS-CoV-2 [ 26 , 27 ]. 

Importantly, in our cohort, the primary COVID-19 episode oc- 

urred during the first year of the pandemic, before the emergence 

f the Delta and Omicron variants, and comprised mostly of the 

riginal Wuhan strain and Alpha variant. Moreover, the BNT162B2 

accine is based on the Wuhan strain-derived S antigen. Compared 

ith the Wuhan strain, the SARS-CoV-2 variants of concern display 

utations in the S antigen, culminating with more than 30 such 

utations in the Omicron variant, resulting in significant resis- 

ance to naturally acquired or vaccine-induced immunity [ 21 , 22 ]. It 

as postulated that the heterologous protection might be achieved 

gainst Delta and Omicron variants by increasing the levels of neu- 

ralizing anti-S antibodies, and this was indeed attained by means 

f hybrid immunity, as demonstrated by our nested serological 

nalysis of 82 recovered individuals with available pre-Omicron 

era. We found higher levels of pre-existent anti-S IgG binding 

ntibodies and pre-existent neutralizing antibodies to the wild- 

ype Wuhan strain and Alpha variant among individuals with- 

ut subsequent reinfection versus those with Omicron reinfection. 

e determined that the putative threshold levels of 800 BAU/ml 

gG anti-S to the Wuhan strain associated with a 58% estimated 

rotection against the heterologous Omicron reinfection, and a 

hreshold titer of neutralizing antibodies of 500 IU/ml to Wuhan 
77 
ssociated a conferred 50% protection against Omicron reinfec- 

ion. Similar association and threshold levels of IgG anti-S bind- 

ng antibodies were reported [28] in a comprehensive study from 

outh Africa (668 BAU/ml IgG anti-Wild Type-Spike associated 

ith 50% protection against Omicron in recovered and vaccinated 

others). 

It follows that hybrid immunity reaching a critical pre-existing 

evel of anti-S IgG binding and neutralizing antibodies could be 

ufficient to prevent reinfections with new SARS-CoV-2 variants, 

ven with substantial genetic changes. These findings are of impor- 

ance presently in populations that have been extensively exposed 

o both SARS-CoV-2 infections and COVID-19 vaccines, in which the 

egment of naïve individuals becomes limited. Moreover, under the 

ncertainty of the emergence of new variants of concerns, revacci- 

ation with the existent mRNA and other subunit vaccines, induc- 

ng a robust serum antibody response could be sufficient to pre- 

ent reinfections for at least a few months until modified vaccines 

f increased homology could be administered. 

Our study has limitations. We could reestablish contact with 

nly 48.4% of the sampled individuals. Nonetheless, the baseline 

haracteristics of the study participants were similar to the entire 

ohort of CCP donors. Moreover, only 22% of the participants 

rovided sera at the follow-up, but those who provided sera had 

omparable characteristics to the entire study participants. Testing 

or SARS-CoV-2 was similar across the different categories of the 

xposure variables, thus eliminating the potential differential effect 

f testing-seeking behavior. Lastly, the information on COVID-19 

accination and reinfection was based on self-reports. Self-report 

n vaccination correlated nicely in our study with anti-S serum 

evel, thus supporting the validity of COVID-19 vaccination report- 

ng. Recall of SARS-CoV-2 test results and reporting COVID-19 core 

ymptoms were also shown to be highly valid [ 29 , 30 ]. Our study

as several strengths. Primarily, the longitudinal study design that 

nabled the establishment of the temporal associations between 

aseline characteristics and subsequent reinfections. The long- 

erm follow-up allowed the capture of both the Delta and Omicron 

aves, thus enhancing the knowledge regarding the role of hybrid 

mmunity in the heterologous protection against emergent vari- 

nts of concerns. Our cohort comprised a homogeneous population 

f COVID-19-recovered CCP donors during the first year of the 

andemic, with comparable testing-seeking behaviors. We system- 

tically tackled factors that might affect the risk of reinfection in 

his cohort by combining of serological measurements together 

ith clinical and epidemiological data, thus providing in-depth 

nalysis of the role of vaccination and pre-existing immunity in 

he prevention of reinfections. Because all participants had their 

rimary infection during the first year of the pandemic, we could 

ssess the net effect of pre-existing immunity to the Wuhan strain 

nd Alpha variant. Lastly, most participants were vaccinated with 

NT162b2 vaccine, thus mimicking the current situation, where 

ost people were either exposed to natural SARS-CoV-2 infection 

OVID-19 vaccination or both, which broaden the generalizability 

f our findings. 
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In conclusion, reinfection with emerging variants of concern 

ccurred among COVID-19-recovered individuals, with substan- 

ially higher incidence of Omicron reinfections than Delta reinfec- 

ions. Subsequent vaccination with the BNT162b2 vaccine and high 

nti-N levels at primary infection provided significant protection 

gainst these reinfections and induced higher anti-S binding an- 

ibodies at follow-up. Pre-existing anti-S binding antibodies and 

eutralizing antibody levels against the Wuhan strain and Alpha 

ariants were inversely associated with the risk of Omicron rein- 

ections. These findings are of broad public health importance and 

ontribute to shaping the COVID-19 vaccination policy. 
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