
Acc
ep

ted
 M

an
us

cri
pt

 

© The Author(s) 2022. Published by Oxford University Press for the Infectious Diseases 

Society of America. All rights reserved. For permissions, e-mail: 

journals.permissions@oup.com. 

SARS-CoV-2 Naturally Acquired Immunity vs. Vaccine-induced Immunity, Reinfections versus 

Breakthrough Infections: a Retrospective Cohort Study 

 

Sivan Gazit, MD MA
1,2*

; Roei Shlezinger, BA
1
; Galit Perez, MN MA

2
; Roni Lotan, PhD

2
; Asaf 

Peretz, MD
1,3

; Amir Ben-Tov, MD
1,4

; Esma Herzel, MSc
2
; Hillel Alapi, BA

2
; Dani Cohen, PhD

4
; 

Khitam Muhsen, PhD
4
; Gabriel Chodick, PhD MHA

2,4
; Tal Patalon, MD

1,2  

 

1
Kahn Sagol Maccabi (KSM) Research & Innovation Center, Maccabi Healthcare Services, Tel Aviv, 

68125, Israel. 

2 
Maccabitech Institute for Research and Innovation, Maccabi Healthcare Services, Israel. 

3
Internal Medicine COVID-19 Ward, Samson Assuta Ashdod University Hospital, Ashdod Israel. 

4
Sackler Faculty of Medicine, School of Public Health, Tel Aviv University, Tel Aviv, Israel. 

 

 

*Corresponding author: Sivan Gazit, gazit_s@mac.org.il, 27 HaMared street, Tel Aviv, 68125, Israel 

Summary: The first real-world analysis of naturally acquired immunity versus vaccine induced 

immunity against SARS-CoV-2. Our findings illustrate that naturally acquired immunity confers 

stronger protection against infection and symptomatic disease caused by SARS-CoV-2, compared to 

the BNT162b2 two-dose vaccine-induced immunity. 
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Abstract 

Background: 

Waning of protection against infection with SARS-CoV-2 conferred by 2 doses of the BNT162b2 

vaccine begins shortly after inoculation and becomes substantial within four months. With that, the 

impact of prior infection on incident SARS-CoV-2 reinfection is unclear. Therefore, we examined the 

long-term protection of naturally acquired immunity (protection conferred by previous infection) 

compared to vaccine-induced immunity. 

Methods: 

A retrospective observational study of 124,500 persons, compared two groups: (1) SARS-CoV-2-

naïve individuals who received a two-dose regimen of the BioNTech/Pfizer mRNA BNT162b2 

vaccine, and (2) previously infected individuals who have not been vaccinated. Two multivariate 

logistic regression models were applied, evaluating four SARS-CoV-2-related outcomes - infection, 

symptomatic disease (COVID-19), hospitalization and death – between June 1 to August 14, 2021, 

when the Delta variant was dominant in Israel.  

 

Results: 

SARS-CoV-2-naïve vaccinees had a 13.06-fold (95% CI, 8.08-21.11) increased risk for breakthrough 

infection with the Delta variant compared to unvaccinated-previously-infected individuals, when the 

first event (infection or vaccination) occurred during January and February of 2021. The increased 

risk was significant for symptomatic disease as well. When allowing the infection to occur at any time 

between March 2020 to February 2021, evidence of waning naturally acquired immunity was 

demonstrated, though SARS-CoV-2 naïve vaccinees still had a 5.96-fold (95% CI, 4.85-7.33) 

increased risk for breakthrough infection and a 7.13-fold (95% CI, 5.51-9.21) increased risk for 

symptomatic disease.  
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Conclusions: 

Naturally acquired immunity confers stronger protection against infection and symptomatic disease 

caused by the Delta variant of SARS-CoV-2, compared to the BNT162b2 two-dose vaccine-induced 

immunity. 

 

Key words: COVID-19, SARS-CoV-2, vaccination, naturally acquired immunity, vaccine-induced 

immunity 
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Introduction 

The heavy toll that SARS-CoV-2 infection has been taking on global health and healthcare resources 

created an urgent need to estimate which part of the population is protected against COVID-19 at a 

given time in order to set healthcare policies such as lockdowns and to assess the possibility of herd 

immunity. 

Though antibody levels might be useful to assess short-term protection on a population level, to date, 

there is still no consensus on an evidence-based, long-term measurement to assess immune correlate 

of protection[1]. This lack of correlate of protection has led to different approaches in terms of 

vaccine resource allocation, such as the need for vaccine administration in recovered patients. 

With that, evidence of waning vaccine-induced immunity against COVID-19 have surfaced,[2–7] 

though research has demonstrated that this reduction is milder against severe disease, meaning that 

vaccinated individuals are more protected against severe disease than unvaccinated ones, even if a 

breakthrough infection (infection after vaccination) occurs.[8] Alongside the question of long-term 

protection against infection provided by the vaccine, the degree and duration to which previous 

infection with SARS-CoV-2 affords protection against repeated infection also remains unclear.  

Apart from the paucity of studies examining long-term protection against reinfection[9,10], there is a 

challenge in defining reinfection as opposed to prolonged viral shedding[11]. While clear-cut cases 

exist, namely two separate clinical events with two distinct sequenced viruses, relying solely on these 

cases will likely result in an under-estimation of the incidence of reinfection. Different criteria based 

on more widely-available information have been suggested[12], as, for example, the Centers for 

Disease Control and Prevention’s (CDC) guidelines refer to two positive SARS-CoV-2 polymerase 

chain reaction (PCR) test results at least 90 days apart.[13]  

These challenges and the CDC’s suggested solution to tackle them, require long-term follow-up and 

free and available access to testing, facilitated largely by integrated healthcare organizations, though 

this does not eliminate the risk of underestimation. Using similar criteria to the CDC’s, population-
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based studies demonstrated naturally acquired immunity [14,15] with no signs of waning immunity 

for at least 7 months, though protection was lower for those aged 65 or older[9].  

Now, when sufficient time has passed since both the beginning of the pandemic and the deployment 

of the vaccine, we can examine the long-term protection of naturally acquired immunity compared to 

that afforded by the vaccine. To this end, we compared the incidence rates of breakthrough infections 

to the incidence rates of reinfection, leveraging the centralized computerized database of Maccabi 

Healthcare Services (MHS), Israel's second largest Health Maintenance Organization. 

Methods 

Study design and population 

A retrospective cohort study was conducted. The study population included MHS members aged 16 or 

older who were twice vaccinated prior to February 28, 2021 or who had a documented SARS-CoV-2 

infection by February 28, 2021. The study only included persons who received the BioNTech/Pfizer 

mRNA BNT162b2 vaccine, as this was given to the vast majority of the Israeli population.  

 

Exposure variable: study groups 

The eligible study population was divided into two groups: (1)fully vaccinated and SARS-CoV-2-

naïve individuals, namely MHS members who received two doses of the BioNTech/Pfizer mRNA 

BNT162b2 vaccine by February 28, 2021, did not receive the third dose by the end of the study period 

and did not have a positive PCR test result by June 1, 2021; and (2) unvaccinated previously infected 

individuals, namely MHS members who had a positive SARS-CoV-2 PCR test recorded by February 

28, 2021 and who had not been vaccinated by the end of the study period. The fully vaccinated group 

was the comparison (reference) group in our study.  

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciac262/6563799 by guest on 01 M

ay 2022



Acc
ep

ted
 M

an
us

cri
pt

 

 6 

Dependent variables 

We evaluated four SARS-CoV-2-related outcomes: documented PCR confirmed SARS-CoV-2 

infection, COVID-19, COVID-19-related hospitalization and death. Outcomes were evaluated during 

the follow-up period of June 1 to August 14, 2021, corresponding to the time in which the Delta 

(B.1.617.2) variant became dominant in Israel,[18] before the spread of the Omicron variant.  

 

Statistical analysis 

Two models were applied to evaluate four SARS-CoV-2-related outcomes as dependent variables, 

while the study groups were the main independent variables. In both models, we estimated naturally 

acquired immunity vs. vaccine-induced immunity for each outcome, by applying logistic regression to 

calculate the odds ratio (OR) between the two groups with associated 95% confidence intervals (CIs). 

Results were then adjusted for underlying comorbidities, including obesity, cardiovascular diseases, 

diabetes, hypertension, chronic kidney disease, cancer and immunosuppression conditions. 

Additionally, for each models, in order, to assess the potential robustness of an unmeasured 

confounder, we conducted a sensitivity analysis using the E-value metric. [25] The E-value is defined 

as the minimum strength of association that an unmeasured confounder would need to have with both 

the exposure and the outcome to fully explain away a specific exposure–outcome association, 

conditional on the measured covariates.[26] 

 

Model 1– previously infected vs. vaccinated individuals, with matching for time of first event 

In model 1, we examined naturally acquired immunity and vaccine-induced immunity by comparing 

the likelihood of SARS-CoV-2-related outcomes between previously infected individuals who have 

never been vaccinated to fully vaccinated SARS-CoV-2-naïve individuals. These groups were 

matched in a 1:1 ratio by age, sex, GSA and time of first event. The first event (the preliminary 

exposure) was either the time of administration of the second dose of the vaccine or the time of 
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documented infection with SARS-CoV-2 (a positive PCR test result), both occurring between January 

1, 2021 and February 28, 2021. Thereby, we matched the “immune activation” time of both groups, 

examining the long-term protection conferred when vaccination or infection occurred within the same 

period. The three-month interval between the exposure and the outcome was implemented to capture 

reinfections (as opposed to prolonged viral shedding) by following the 90-day guideline of the CDC. 

 

Model 2– previously infected vs. vaccinated individuals, without matching for time of first event 

In model 2, we compared the SARS-CoV-2 naïve vaccinees to unvaccinated and previously infected 

individuals while intentionally not matching the time of the first event (exposure) (i.e., either 

vaccination or infection), in order to compare vaccine-induced immunity to naturally acquired 

immunity, regardless of time of infection. Therefore, matching was done in a 1:1 ratio based on age, 

sex and GSA alone. Similar to model 1, either event (vaccination or infection) had to occur by 

February 28, to allow for the 90-day interval. The four SARS-CoV-2 study outcomes were the same 

for this model, evaluated during the same follow-up period.  

Additionally, we included a sensitivity analysis that addressed the timing of vaccination. As 

individuals with chronic illness were primarily vaccinated between December and February, we 

conducted the same design of model 2, this time with those vaccinated later, between March and April 

2021, therefore comparing the SARS-CoV-2 naïve March and April vaccinees to those unvaccinated 

and previously infected at any time until February 28, 2021 (to allow for the 90-day interval). 

Finally, we performed an alternative model of analysis, in order to address the possible selection bias 

of mandating previously infected individuals to be unvaccinated until the end of the follow-up period 

as well as vaccinated individuals not to have received the booster (third) dose by that time, as the 

booster vaccination campaign began On July 31, 2021. Therefore, we applied a Cox proportional 

hazards regression to calculate the Hazard Ratio (HR) of SARS-CoV-2 infections and symptomatic 

SARS-CoV-2 infections between the groups with associated 95% confidence intervals (CIs). 

Participants’ vaccination status was determined on June 1 (the start of the follow-up period), and for 
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each person the follow-up ended at the earliest of these events: the tested-outcome (infection or 

symptomatic infection), vaccination (either a first dose for members of the previously infected group 

or a third dose for those in the vaccinated group) or the end of the follow-up period. The same 

matching was applied, as well as adjustment for the same variables. 

 

Analyses were performed using Python version 3.73 with the statsmodels package. P < 0.05 was 

considered statistically significant. 

 

 

Ethics declaration 

This study was approved by the MHS (Maccabi Healthcare Services) Institutional Review Board 

(IRB). Due to the retrospective design of the study, informed consent was waived by the IRB, and all 

identifying details of the participants were removed before computational analysis. 

Results 

Overall, 673,676 MHS members 16 years and older were eligible for the study group of fully 

vaccinated SARS-CoV-2-naïve individuals and 62,883 were eligible for the study group of 

unvaccinated previously infected individuals (Figure S1). Of those previously infected from the 

beginning of the pandemic and up to February 2021, who could have potentially been eligible for the 

study group of the unvaccinated and previously infected individuals, 693 COVID-19-related deaths 

were recorded. Mean age of death was 78 (SD-12), 90% of deaths were among those 60 years old and 

over. 
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Model 1 – previously infected vs. vaccinated individuals, with matching for time of first event 

In model 1, we matched 16,215 persons in each group. Overall, demographic characteristics were 

similar between the groups, with some differences in their comorbidity profile (Table 1, model 1).  

During the follow-up period, 257 cases of SARS-CoV-2 infection were recorded, of which 238 

occurred in the vaccinated group (breakthrough infections) and 19 in the previously infected group 

(reinfections) (Figure S2). After adjusting for comorbidities, we found a statistically significant 13.06-

fold (95% CI, 8.08 to 21.11) increased risk for breakthrough infection as opposed to reinfection 

(P<0.001). Apart from age ≥60 years, there was no statistical evidence that any of the assessed 

comorbidities significantly affected the risk of an infection during the follow-up period (Table 2). To 

further characterize the association with older age, we added an interaction analysis which yielded a 

non-statistically significant (P=0.79) interaction term of age ≥60 years, vaccination and risk for 

incidence infection. 

 

The E-value for breakthrough infection was 16.52 (and 26.51 for the lower bound of the CI). Thus, an 

unmeasured confounder not included in the regression model associated with both a two-dose 

vaccination and with a breakthrough infection outcome by an OR of 25.61 each could explain away 

the lower confidence limit, though a weaker confounder would not. 

 As for symptomatic SARS-COV-2 infections during the follow-up period, 199 cases were recorded, 

191 of which were in the vaccinated group and 8 in the previously infected group. Symptoms for all 

analyses were recorded in the central database within 5 days of the positive RT-PCR test for 90% of 

the patients, and included chiefly fever, cough, breathing difficulties, diarrhea, loss of taste or smell, 

myalgia, weakness, headache and sore throat. After adjusting for comorbidities, we found a 27.02-

fold risk (95% CI, 12.7 to 57.5) for symptomatic breakthrough infection as opposed to symptomatic 

reinfection (P<0.001) (Table S1). None of the covariates were significant, except for age ≥60 years. 
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The sensitivity analyses that adjusted for individuals’ test frequency as a proxy for healthcare seeking 

behavior did alter results (Supplementary Data). 

Eight cases of COVID-19-related hospitalizations were recorded, all of which were in the vaccinated 

group and. No COVID-19-related deaths were recorded in our cohorts. 

 

Model 2 –previously infected vs. vaccinated individuals, without matching for time of first event 

In model 2, we matched 46,035 persons in each of the groups (previously infected vs. vaccinated) 

(Table 1). Figure 1 demonstrates the timely distribution of the first infection in reinfected individuals. 

When comparing the vaccinated individuals to those previously infected at any time (including during 

2020), we found that throughout the follow-up period, 748 cases of SARS-CoV-2 infection were 

recorded, 640 of which were in the vaccinated group (breakthrough infections) and 108 in the 

previously infected group (reinfections). After adjusting for comorbidities, a 5.96-fold increased risk 

(95% CI, 4.85 to 7.33) increased risk for breakthrough infection as opposed to reinfection could be 

observed (P<0.001) (Table 3). Apart from SES level and age ≥60, that remained significant in this 

model as well, there was no statistical evidence that any of the comorbidities significantly affected 

the risk of an infection. The E-value for breakthrough infection was 22.1 (and 7.29 for the lower 

bound of the CI). 

Overall, 552 symptomatic cases of SARS-CoV-2 were recorded, 484 in the vaccinated group and 68 

in the previously infected group. There was a 7.13-fold (95% CI, 5.51 to 9.21) increased risk for 

symptomatic breakthrough infection than symptomatic reinfection (Table S2). COVID-19 related 

hospitalizations occurred in 1 and 19 of the reinfection and breakthrough infection groups, 

respectively. No COVID-19-related deaths were recorded. Similarly to model 1, a sensitivity analysis 

adjusting for the frequency of testing did not materially alter the OR for infection or symptomatic 

infection (Supplementary Data). 
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A second sensitivity analysis accounted for the timing of vaccination. We matched 46,818 persons in 

each group (previously infected vs. later vaccinees, namely those vaccinated between March and 

April 2021) (Table S7). When comparing the later vaccinees to those previously infected at any time 

(from 2020), 570 cases of SARS-CoV-2 infection were recorded, 463 of which were in the March-

April vaccinated group (breakthrough infections) and 107 in the previously infected group 

(reinfections). After adjusting for comorbidities, a 4.63-fold increased risk (95% CI, 3.53 to 5.38) for 

breakthrough infection as opposed to reinfection could be observed (Table S8). As for symptomatic 

cases, there was a 6.67-fold (95% CI, 4.9 to 9.06) increased risk for symptomatic breakthrough 

infection than symptomatic reinfection (Table S9). There were 7 cases of COVID-19 related 

hospitalizations, 4 of which among the April-March vaccinees and 3 among the previously infected. 

Lastly, the sensitivity analysis that included an alternative model (Cox proportional hazards 

regression) yielded similar results (Supplementary Data). 

 

Discussion 

This is the largest real-world observational study comparing naturally acquired immunity, gained 

through previous SARS-CoV-2 infection, to vaccine-induced immunity, afforded by the BNT162b2 

mRNA vaccine. Our large cohort, enabled by Israel’s rapid rollout of the mass-vaccination campaign, 

allowed us to investigate the risk for additional infection – either a breakthrough infection in 

vaccinated individuals or reinfection in previously infected ones – over a longer period than thus far 

described. 

Our analysis demonstrates that SARS-CoV-2-naïve vaccinees had a 13.06-fold increased risk for 

breakthrough infection with the Delta variant compared to those previously infected, when the first 

event (infection or vaccination) occurred during January and February of 2021. The increased risk 

was significant for a symptomatic disease as well. 

Broadening the research question to examine the extent of the phenomenon, we allowed the first 

infection to occur at any time between March 2020 to February 2021 (when different variants were 
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dominant in Israel), compared to vaccination only in January and February 2021. Although the results 

could suggest waning naturally acquired immunity against the Delta variant, those vaccinated are still 

at a 5.96-fold increased risk for breakthrough infection and at a 7.13-fold increased risk for 

symptomatic disease compared to those previously infected. SARS-CoV-2-naïve vaccinees had more 

COVID-19-related-hospitalization compared to those who were previously infected, though the 

numbers are too small to determine statistical significance. Importantly, in neither group no COVID-

19-related deaths were recorded. 

 

The advantageous protection afforded by naturally acquired immunity that this analysis demonstrates 

could be explained by the more extensive immune response to the SARS-CoV-2 proteins than that 

generated by the anti-spike protein immune activation conferred by the vaccine[27,28]. However, as a 

correlate of protection is yet to be proven[1,29], including the role of B-Cell[30] and T-cell 

immunity[31,32], this remains a hypothesis. Our study matches the CDC report,[10] examining 

cohorts in California and New York, demonstrating that infection-induced protection was more 

substantial than vaccine induced immunity during the the Delta period. The report demonstrates an 

opposite trend during the previous Alpha dominant period; however, a significant limitation, 

addressed as such by the researchers of this report as well, pertains to the lack of addressing the 

varying times-since-vaccination, which could bias the result, especially in the early stages of the 

follow-up.  

Our study has several limitations. First, as the Delta variant was the dominant strain in Israel during 

the outcome period, the decreased long-term protection of the vaccine compared to that afforded by 

previous infection cannot be ascertained against other strains, including the Omicron. Second, our 

analysis addressed protection afforded solely by the BioNTech/Pfizer mRNA BNT162b2 vaccine, and 

therefore does not address other vaccines or long-term protection following a third dose, an 

assessment which might require more data before carrying out. Additionally, as this is an 

observational real-world study, where PCR screening was not performed by a pre-set protocol, we 
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might be underestimating asymptomatic infections, as these individuals often do not get tested. A 

related concern is that the frequency of PCR testing differed between groups, meaning that one group 

manifested different health seeking behavior during the pandemic and therefore is potentially more 

diagnosed rather than more infected. To address that potential detection bias, we conducted a 

sensitivity analysis where the number of PCR tests undertaken throughout the pandemic was adjusted 

for, as a proxy for COVID-19-related health seeking behavior. The findings demonstrated that this 

adjustment did not change the results. Furthermore, the analysis merits addressing the potential 

survivorship bias, which might have accounted for the stronger protection of the unvaccinated 

previously infected group. As reported in the results, COVID-19 related mortality in this group (prior 

to the outcome period) was evaluated at approximately 1% with mean age of 78 years. Therefore, it 

does not seem to overall account for the significant protection conferred by natural infection across 

the different age groups. Moreover, as individuals with chronic illness were primarily vaccinated 

between December and February, confounding by indication needs to be considered; though the 

groups somewhat differ in their comorbidity profile, adjusting for obesity, cardiovascular disease, 

diabetes, hypertension, chronic kidney disease, chronic obstructive pulmonary disease, cancer and 

immunosuppression had only a small impact on the estimated effect as compared to the unadjusted 

OR. Therefore, residual confounding by unmeasured factors is unlikely. Nonetheless, in order to 

assess whether the association between previous infection or vaccination and a following infection 

(breakthrough- or re-infection) could be attributed to unmeasured confounding, e.g. by differential 

groups behavior (such as social distancing and mask wearing), we calculated the E-value for an 

unmeasured confounding. The E-value for both models suggested that only a highly strong 

association between both the group (vaccinated vs. previously infected individuals) and healthcare 

seeking behavior, and healthcare seeking behavior and the outcome of a subsequent infection 

(breakthrough- or reinfection) would account for all the observed association between vaccinating 

convalescent patients and their reduced risk for reinfection. 

To further address this issue, we conducted a different sensitivity analysis, where we implemented the 

same design of model 2, comparing those previously infected at any time to later vaccinees, namely 
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those who completed the second dose between March and April 2021. This time, the latter group had 

slightly more comorbidities than those previously infected, though again these were not found to 

affect significantly. The results suggest waning of vaccine-induced immunity against the Delta 

variant, and still point to an increased risk of those vaccinated. Those later vaccinees are at a 4.63-fold 

increased risk for breakthrough infection and at a 6.67-fold increased risk for symptomatic disease 

compared to those previously infected. Lastly, as per Israeli regulations the second dose was 

administered within 21-28 days of the first dose, we could not assess whether an extended interval 

between the doses affects effectiveness. This analysis demonstrated that naturally acquired immunity 

affords longer lasting and stronger protection against infection and symptomatic disease due to the 

Delta variant of SARS-CoV-2, compared to the BNT162b2 two-dose vaccine-induced immunity. 
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Table 1. Characteristics of study population, by model 1 and 2. 

 Model 1 Model 2 

Characteristics Previously infected 

(n=16,215) 

Vaccinated individuals  

(n=16,215) 

Previously infected 

(n=46,035) 

Vaccinated individuals 

(n =46,035) 

Age years, mean (SD) 36.1 (13.9) 36.1 (13.9) 36.1 (14.7) 36.1 (14.7) 

Age group – no. (%)     

16 to 39 yr 9,889 (61.0) 9,889 (61.0) 28,157 (61.2) 28,157 (61.2) 

40 to 59 yr 5,536 (34.1) 5,536 (34.1) 14,973 (32.5) 14,973 (32.5) 

≥60 yr 790 (4.9) 790 (4.9) 2,905 (6.3) 2,905 (6.3) 

Sex – no. (%)     

Female 7,428 (45.8) 7,428 (45.8) 22,661 (49.2) 22,661 (49.2) 

Male 8,787 (54.2) 8,787 (54.2) 23,374 (50.8) 23,374 (50.8) 

SES, mean (SD) 5.5 (1.9) 5.5 (1.9) 5.3 (1.9) 5.3 (1.9) 

Comorbidities – no.(%)     

Hypertension 1,276 (7.9) 1,569 (9.7) 4,009 (8.7) 4,301 (9.3) 

CVD 551 (3.4) 647 (4.0) 1,875 (4.1) 1830 (4.0) 

DM 635 (3.9) 877 (5.4) 2207 (4.8) 2300 (5.0) 

Immunocompromised 164 (1.0) 420 (2.6) 527 (1.1) 849 (1.8) 

Obesity (BMI ≥30) 3,076 (19.0) 3,073 (19.0) 9,117 (19.8) 8,610 (18.7) 

CKD 196 (1.2) 271 (1.7) 659 (1.4) 814 (1.8) 

COPD 65 (0.4) 97 (0.6) 218 (0.5) 292 (0.6) 

Cancer 324 (2.0) 636 (3.9) 1,044 (2.3) 1,364 (3.0) 

 

SD – Standard Deviation; SES – Socioeconomic status on a scale from 1 (lowest) to 10; CVD –  Cardiovascular 

Diseases; DM – Diabetes Mellitus; CKD – Chronic Kidney Disease; COPD – Chronic Obstructive Pulmonary 

Disease. 
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Table 2. OR for SARS-CoV-2 infection, model 1, previously infected vs. vaccinated  

Variable Category ß OR 95%CI P-value 

Induced Immunity      

 Previously infected Ref    

 Vaccinated 2.57 13.06 8.08 – 21.11 <0.001 

SES  0.04 1.04 0.97 – 1.11 0.251 

Age group, yr.      

 16-39 Ref    

 40-59 0.05 1.05 0.78 - 1.4 0.751 

 ≥60 0.99 2.7 1.68 – 4.34 <0.001 

Sex      

 Female Ref    

 Male -0.03 0.97 0.76 – 1.25 0.841 

Comorbidities      

 Obesity (BMI≥30) 0.01 1.01 0.73 – 1.39 0.967 

 Diabetes mellitus -0.36 0.7 0.39 – 1.25 0.229 

 Hypertension 0.1 1.11 0.72 – 1.72 0.641 

 Cancer 0.37 1.44 0.85 – 2.44 0.171 

 CKD 0.53 1.7 0.83 – 3.46 0.146 

 COPD -0.46 0.63 0.15 – 2.66 0.529 

 Immunosuppression -0.1 0.91 0.42 – 1.97 0.803 

 Cardiovascular diseases 0.26 1.3 0.75 – 2.25 0.343 

OR – Odds Ratio; SES – Socioeconomic status on a scale from 1 (lowest) to 10; CVD –  Cardiovascular 

Diseases; CKD – Chronic Kidney Disease; COPD – Chronic Obstructive Pulmonary Disease. 
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Table 3. OR for SARS-CoV-2 infection, model 2, previously infected vs. vaccinated  

Variable Category ß OR 95%CI P-value 

Induced Immunity      

 Previously infected Ref    

 Vaccinated 1.78 5.96 4.85 – 7.33 <0.001 

SES  0.07 1.07 1.03 – 1.11 <0.001 

Age group, yr.      

 16-39 Ref    

 40-59 0.06 1.06 0.9 – 1.26 0.481 

 ≥60 0.79 2.2 1.66 – 2.92 <0.001 

Sex      

 Female Ref    

 Male -0.01 0.99 0.85 - 1.14 0.842 

Comorbidities      

 Obesity (BMI≥30) 0.12 1.13 0.94 – 1.36 0.202 

 Diabetes mellitus -0.15 0.86 0.61 – 1.22 0.4 

 Hypertension -0.12 0.89 0.67 – 1.17 0.402 

 Cancer 0.2 1.22 0.85 – 1.76 0.283 

 CKD 0.3 1.35 0.85 – 2.14 0.207 

 COPD 0.48 1.62 0.88 – 2.97 0.121 

 Immunosuppression -0.03 0.98 0.57 – 1.66 0.925 

 Cardiovascular diseases 0.08 1.09 0.77 – 1.53 0.638 

OR – Odds Ratio; SES – Socioeconomic status on a scale from 1 (lowest) to 10; CVD –  Cardiovascular 

Diseases; CKD – Chronic Kidney Disease; COPD – Chronic Obstructive Pulmonary Disease.  
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Figure 1. Time of first infection in those reinfected between June and August 2021, model 2.  
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