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a b s t r a c t

Background: Studies comparing SARS-CoV-2 reinfection outcomes among individuals with previous in
fection (natural immunity) and previous infection plus vaccination (hybrid immunity) are limited.
Methods: Retrospective cohort study comparing SARS-CoV-2 reinfection among patients with hybrid im
munity (cases) and natural immunity (controls) from March 2020 to February 2022. Reinfection was defined 
as positive PCR >  90 days after initial laboratory-confirmed SARS-CoV-2 infection. Outcomes included time 
to reinfection, symptom severity, COVID-19-related hospitalization, critical COVID-19 illness (need for in
tensive care unit, invasive mechanical ventilation, or death), length of stay (LOS).
Results: A total of 773 (42%) vaccinated and 1073 (58%) unvaccinated patients with reinfection were in
cluded. Most patients (62.7%) were asymptomatic. Median time to reinfection was longer with hybrid 
immunity (391 [311−440] vs 294 [229−406] days, p  <  0.001). Cases were less likely to be symptomatic 
(34.1% vs 39.6%, p = 0.001) or develop critical COVID-19 (2.3% vs 4.3%, p = 0.023). However, there was no 
significant difference in rates of COVID-19-related hospitalization (2.6% vs 3.8%, p = 0.142) or LOS (5 [2–9] vs 
5 [3–10] days, p = 0.446). Boosted patients had longer time to reinfection (439 [IQR 372–467] vs 324 [IQR 
256–414] days, p  <  0.001) and were less likely to be symptomatic (26.8% vs 38%, p = 0.002) compared to 
unboosted patients. Rates of hospitalization, progression to critical illness and LOS were not significantly 
different between the two groups.
Conclusions: Natural and hybrid immunity provided protection against SARS-CoV-2 reinfection and hos
pitalization. However, hybrid immunity conferred stronger protection against symptomatic disease and 
progression to critical illness and was associated with longer time to reinfection. The stronger protection 
conferred by hybrid immunity against severe outcomes due to COVID-19 should be emphasized with the 
public to further the vaccination effort, especially in high-risk individuals.
© 2023 Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is 
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

As of January 15, 2023, SARS-CoV-2 has infected over 101 million 
people in the United States and 667 million worldwide, with more 
than 1.1 million and 6.7 million deaths since the beginning of the 
pandemic, respectively [23]. o Vaccines against COVID-19 have been 
shown to reduce the risk of SARS-CoV-2 infection and severe COVID- 
19, including severe illness, hospitalization and death, in 

randomized clinical trials and real-world observational studies 
[14,15,28,34]. All adults in the United States became eligible for 
COVID-19 vaccination on April 20, 2021; however, 81% of the United 
States population is fully vaccinated [10], with 662.3 million vaccine 
doses administered [23]. Worldwide, 13.2 billion vaccine doses have 
been administered [23].

Observational studies have also demonstrated that individuals 
who survive a previous SARS-CoV-2 infection generate a robust 
immune response and develop durable protective immunity against 
reinfection and hospitalization [1,24–26,31]. In a large cohort study, 
natural immunity provided robust protection against hospitaliza
tion, progression to critical illness and death, regardless of variant 
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(Au-Raddad et al., 2021). Moreover, recent studies suggest natural 
immunity conferred a stronger protection than vaccine-induced 
immunity against the Delta and Omicron variants [18,26,3]. Data on 
effectiveness of prior infection and/or vaccines against reinfections 
with the Omicron variants are limited [3]. There is evidence that 
vaccination generates hybrid immunity or an enhanced immune 
response in individuals who recover from SARS-CoV-2 infection 
[16,19,3,5]. Nonetheless, it is recommended that these individuals 
complete the primary vaccine series and be “up to date” with their 
vaccines [11].

Reinfection with SARS-CoV-2 have been increasingly reported in 
individuals with natural and hybrid immunity; however, there is 
scarcity of studies comparing outcomes between natural immunity 
and hybrid immunity [26,3,31]. In this retrospective cohort study, we 
compared reinfection and outcomes, including symptom severity, 
need for hospitalization, progression to critical illness and length of 
stay (LOS) among individuals with natural immunity and hybrid 
immunity.

Methods

Study design and participants

This was a retrospective cohort study comparing SARS-CoV-2 
reinfection among patients with hybrid immunity, including those 
who received boosters (cases) and natural immunity (controls) 
evaluated at Henry Ford Health, a comprehensive, integrated health 
care organization that includes 5 hospitals, 9 emergency depart
ments and more than 200 ambulatory sites in metropolitan Detroit, 
Michigan, United States, from March 1, 2020 to February 28, 2022. 
Reinfection was defined as positive polymerase chain reaction 
test >  90 days after the initial laboratory-confirmed SARS-CoV-2 
infection. The first SARS-CoV-2 test within this eligibility period 
was used.

Natural immunity was defined as documented previous infection 
in an unvaccinated individual. Hybrid immunity was defined as 
documented previous infection in a vaccinated individual.

Vaccination status (vaccine type and date of administration) was 
confirmed in the electronic medical records and state immunization 
registry. Full vaccination was defined as completion of two doses of 
mRNA-1273 (Moderna) or BNT162b2 (Pfizer–BioNTech), or one dose 
of JNJ78436735 (Janssen) ≥ 14 days before the reinfection date. 
Boosted individuals included those who received a third vaccine 
dose; for patients whose primary series was JNJ78436735, boosted 
patients included those who received a second JNJ78436735 or 
mRNA vaccine. Subjects were excluded if they were partially vacci
nated (< 14 days since completing the primary series or not com
pleting the series before the reinfection date).

This study was approved by the Henry Ford Health institutional 
review board (IRB #15157).

Data collection

A retrospective review of the electronic medical records was 
performed to obtain demographic, clinical and laboratory data. 
County of residence and zip codes were also collected, with income 
status determined based on zip code household income data per the 
most current 2020 census data, through a third-party site. 
Comorbidities associated with higher risk of developing severe 
outcomes of COVID-19 [12] were extracted using the International 
Classification of Diseases, 10th Revision, codes. Im
munocompromised state was defined as presence of any of the fol
lowing: immunosuppressive or immunomodulatory medication 
use, >  20 mg prednisone or equivalent per day for >  2 weeks, history 
of hematopoietic stem cell transplant or solid organ transplantation 
and receipt of immunosuppressive therapy, solid tumor or 

hematologic malignancies on active treatment, or advanced or un
treated HIV.

The distribution of reinfections and hospitalization over the 
course of the pandemic and the reported activity of the SARS-CoV-2 
in the United States was also assessed [30].

Outcomes

Outcomes included time to reinfection, symptom severity, 
COVID-19-related hospitalization, critical COVID-19 illness, and LOS. 
Critical COVID-19 was defined as need for intensive care unit (ICU), 
invasive mechanical ventilation (IMV), or death.

Time to reinfection was calculated using days from the second 
positive polymerase chain reaction to first positive polymerase chain 
reaction for cases and controls. For severity of symptoms, patients 
were grouped into asymptomatic and symptomatic infection.

COVID-19–related hospitalization was defined as hospitalization 
in a symptomatic individual with a positive SARS-CoV-2 assay. 
COVID-19–related mortality occurred in a person with a documented 
COVID-19 diagnosis who died as a result of or from complications of 
COVID-19 disease. LOS was calculated from index admission to dis
charge in days, alive or expired at time of discharge.

Statistical analysis

Descriptive statistics were performed to characterize each group 
in the case-control analysis. Groups were left unmatched in an at
tempt to fully describe each group. Frequency and count data were 
displayed for categorical variables, mean with standard deviation 
(SD) for normally distributed continuous variables, and median with 
interquartile range (IQR) for skewed continuous variables. The chi- 
square or Fisher’s exact tests were applied for computation of ca
tegorical variables, and the t-test or Mann-Whitney U tests were 
used for continuous variables. The multivariable logistic regression 
analysis was performed to evaluate risk of developing critical COVID- 
19 disease, and the model included all risk factors identified as 
statistically significant with p values <  0.05 on univariate analysis. 
Odds ratios were reported with 95% confidence intervals (CI). A 
Kaplan-Meier analysis was used to compare time to reinfection with 
SARS-CoV-2 among cases and controls. Analyses were performed 
using SAS 9.4 (SAS Institute Inc, Cary, NC, USA).

Results

Patient characteristics

A total of 1846 patients with previous SARS-CoV-2 infection met 
eligibility criteria and were included in the final analysis, of which 
773 (42%) were vaccinated and 1073 (58%) were unvaccinated prior 
to reinfection. Among the two cohorts included in the study, the 
median age was 41 years old (IQR 27–54), 1175 (63.7%) were female, 
and 1093 (59.2%) were white. Most patients (62.7%) were asymp
tomatic. Compared with controls, case patients were older (45 [IQR 
31–56] vs 37 [IQR 24–52] years, p  <  0.001) and were more likely to 
be female (67.1% vs 61.2%, p = 0.011) and white (61.1% vs 57.9%, 
p  <  0.047). Patients with hybrid immunity had a higher number of 
comorbidities (1.99 [SD 2.09] vs 1.73 [SD 2.02], p = 0.002), with a 
higher proportion of obstructive sleep apnea (16.3% vs 11.7%), 
diabetes mellitus (22.2% vs 16.8%, p = 0.004), hypertension (40.3% 
vs 29.2%, p  <  0.001), and immunocompromising conditions (26% vs 
21%, p  <  0.001), whereas controls were more likely to be smokers 
(11.2% vs 7.6%) or pregnant (9.2% vs 5.7, p = 0.005). Among case 
patients, the majority were vaccinated with BNT162b2 (69%), while 
24% were vaccinated with mRNA1273, and 7.1% with JNJ78436735; 
of these patients, 15.9% were boosted prior to reinfection. Fifty- 
seven (3.1%) patients were of high-income status, 356 (19.3%) of 
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middle-income status, and 1408 (76.3%) of low-income status. A 
higher proportion of case patients were of high-income status (4.5% 
vs 2.4%), and vaccination rate based on income status was statis
tically significant (p = 0.042). Table 1 summarizes baseline char
acteristics among cases and controls.

Most (78%) reinfections occurred during the period of reported 
Omicron activity. Fig. 1 demonstrates the distribution of reinfections 
and hospitalizations over the course of the pandemic.

Outcomes

The median time to reinfection was significantly longer in case 
patients compared to controls (391 [IQR 311–440] vs 294 [229−406] 
days, p  <  0.001). Compared with JNJ78436735 (345 [IQR 283–411] 
days), the mRNA vaccines (BNT162b2 and mRNA1273) were asso
ciated with longer time to reinfection (401 [IQR 284–458] and 393 
[IQR 278–428] days, respectively). Fig. 2 includes the Kaplan Meier 
analysis of time to reinfection among cases according to vaccine 
subtype and controls.

After reinfection, case patients were less likely to be symptomatic 
(34.1% vs 39.6%, p = 0.001). Although there was no significant difference 
in rates of COVID-19-related hospitalization (2.6% vs 3.8%, p = 0.142), 
case patients were less likely to develop critical COVID-19 (2.3% vs 4.3%, 
p = 0.023); COVID-19-related mortality was low in cases and controls 
(0.2% vs 0.5%, p = 0.478). Length of stay was similar between the two 
groups. Outcomes related to reinfection are summarized in Table 2.

Approximately 16% of case patients were boosted prior to reinfection, 
with the predominant subtype being BNT162b2 (62.6%). Boosted pa
tients were older (51.5 [SD 14.7] vs 40.6 [SD 18.4] years, p  <  0.001) and 
had a higher average BMI (32.5 [IQR 28.3–37.7] vs 29.9 [IQR 24.8–35.5] 
kg/m2, p = 0.047). When the outcomes were analyzed according to 
booster status, boosted patients had longer time to reinfection (439 [IQR 
372–467] vs 324 [IQR 256–414] days, p  <  0.001) and were less likely to 
be symptomatic (26.8% vs 38%, p = 0.002) compared to unboosted pa
tients. Rates of COVID-19-related hospitalization, progression to critical 
COVID-19 illness and length of stay were not significantly different be
tween the two groups. Table 2 highlights the outcomes of patients based 
on booster status. When comparing boosted to vaccinated patients, there 
was no difference in outcomes (data not shown).

Table 1 
Baseline characteristics of patients with hybrid immunity (including booster) and natural immunity reinfected with SARS-CoV-2. 

Variable Total Hybrid Immunity Natural Immunity p-value
N = 1846 n = 773 n = 1073

Age – years median (IQR) 41 (27–54) 45 (31–56) 37 (24–52) <  0.001
Gender n (%) 0.011
Female 1175 (63.7) 518 (67.1) 657 (61.2)
Male 671 (36.3) 225 (32.9) 416 (38.8)
Race n (%) 0.047
White 1093 (59.2) 472 (61.1) 621 (57.9)
Black 520 (28.2) 199 (25.8) 321 (29.9)
Other 233 (12.6) 101 (13.1) 130 (12.1)
BMI – kg/m2 median (IQR) 30 (24.9–35.9) 31.2 (25.7–35.9) 29.8 (24.3–35.9) 0.163
Number of comorbid conditions mean (SD) 1.84 (2.05) 1.99 (2.09) 1.73 (2.02) 0.002
Smoker n (%) 179 (9.7) 59 (7.6) 120 (11.2) 0.011
Alcohol use disorder n (%) 181 (9.8) 85 (11.0) 96 (8.9) 0.144
Chronic kidney disease n (%) 148 (8.0) 68 (8.8) 80 (7.5) 0.295
ESRD on hemodialysis n (%) 24 (1.3 7 (0.9) 17 (1.6) 0.204
COPD n (%) 105 (5.7) 46 (6.0) 59 (5.5) 0.679
Asthma n (%) 371 (20.1) 152 (19.7) 219 (20.4) 0.693
Obstructive sleep apnea n (%) 252 (13.7) 126 (16.3) 126 (11.7) 0.005
Diabetes mellitus n (%) 351 (19.0) 171 (22.2) 180 (16.8) 0.004
Hypertension n (%) 624 (33.8) 311 (40.3) 313 (29.2) <  0.001
Coronary artery disease n (%) 121 (6.6) 54 (7.0) 67 (6.2) 0.526
Heart failure n (%) 75 (4.1) 32 (4.1) 43 (4.0) 0.887
Pregnancy n (%) 143 (7.7) 44 (5.7) 99 (9.2) 0.005
Inflammatory bowel disease n (%) 45 (2.4) 25 (3.2) 20 (1.9) 0.060
Immunocompromised n (%) 423 (22.9) 201 (26.0) 222 (21.0) <  0.001
HIV 4 (0.2) 1 (0.1) 3 (0.3) 0.494
Solid organ transplant 19 (1.0) 9 (1.2) 10 (0.9) 0.626
Prior BMT 2 (0.1) 1 (0.1) 1 (0.1) 0.816
Active cancer 173 (9.4) 86 (11.1) 87 (8.1) 0.028
Immunoglobulin deficiency 4 (0.2) 2 (0.3) 2 (0.2) 0.742
On systemic steroid therapy 246 (13.3) 113 (14.6) 133(12.4) 0.166
On active chemotherapy 48 (2.6) 18 (2.3) 30 (2.8) 0.534
On immunosuppression 32 (1.7) 17 (2.2) 15 (1.4) 0.193
Income status n (%) 0.042
High 57 (3.1) 35 (4.5) 26 (2.4)
Middle 356 (19.3) 154 (19.9) 224 (20.9)
Low 1408 (76.3) 584 (75.5) 823 (76.7)
Vaccine type received n (%)
BNT162b2 533 (69.0)
mRNA1273 185 (24)
JNJ78436735 55 (7.1)
Booster prior to reinfection n (%) 123 (15.9)
BNT162b2 77 (62.6)
mRNA1273 46 (37.4)

BMI=body mass index; COPD=chronic obstructive pulmonary disease; ESRD=end stage renal disease; HIV=human immunodeficiency virus; BMT=bone marrow transplant; 
BNT162b2=Pfizer vaccine; mRNA1273 =Moderna vaccine; JNJ78436735 =Janssen vaccine
kg/m2=kilogram per meter squared
Significant p-values are bolded
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Age (OR 1.042, 95% CI 1.025–1.067, p  <  0.001), diabetes mellitus 
(OR 2.320, 95% CI 1.245–4.119, p = 0.006, and immunocompromised 
state (OR 2.313, 95% CI 1.348–4.110, p = 0.003) were independently 
associated with higher odds and hybrid immunity (OR 0.348, 95% CI 
0.187–0.662, p = 0.001) and female gender (OR 0.562, 95% CI 
0.319–0.978, p = 0.041) with lower odds of critical COVID-19 pro
gression. A booster prior to reinfection did not reduce the odds of 
developing critical COVID-19 (OR 0.737, 95% CI 0.188–2.590, 
p = 0.675). Table 3 includes the multivariate logistic regression ana
lysis summarizing these results.

Discussion

This large study among patients who were reinfected with SARS- 
CoV-2 demonstrated that hybrid immunity was associated with 
lower odds of progression to critical illness, longer time to reinfec
tion and attenuated symptom severity compared to natural im
munity. However, COVID-19-related hospitalization and mortality 
were similar between the two groups.

Research shows that natural immunity and/or receipt of at least 1 
dose of a COVID-19 vaccine among patients who had recovered from 
COVID-19 infection was associated with a significantly lower risk of 
recurrent infection before the widespread circulation of the SARS- 
CoV-2 Omicron variants [1,18,2,20–22,26,31,9]. Notably, our study 
includes the period during which Omicron was the predominant 
variant, and most of our reinfections occurred during this time. In a 

recently published study, Nordstrom et al. [31] demonstrated that 
natural immunity reduced risk of reinfection and COVID-19-related 
hospitalization, and this risk was further decreased by 1-dose and 2- 
dose hybrid immunity. Disease severity and mortality data were not 
provided. Prior to Delta, case and hospitalization rates were lowest 
among vaccinated individuals compared to patients with previous 
COVID-19 diagnosis [26,6,9]. However, when Delta became pre
dominant, a large multi-state study demonstrated that previous 
infection substantially lowered the odds of reinfection and COVD- 
19-related hospitalization among both vaccinated and unvaccinated 
individuals [26]. Altarawneh et al. [3] evaluated the effects of natural 
and hybrid immunity against symptomatic Omicron infections. The 
effectiveness of hybrid immunity and natural immunity were si
milar. However, hybrid immunity with recent booster dose conferred 
stronger protection.

Similar to previous studies [2,21,26,31,33], reinfection was un
common among our cohorts before 9 months. A large retrospective 
cohort study showed that immunity from natural infection lasted for 
at least 13 months [26]. Nordstrom et al. [31] demonstrated that 
natural immunity reduced risk of reinfection for up to 20 months. 
Prior to Omicron, hybrid immunity remained consistently higher 
than 90% in persons infected more than 18 months previously in one 
study [21] and provided greater protection than natural immunity 
alone for up to 9 months in another study [31]. With the emergence 
of the highly contagious Omicron variant, natural, vaccine-induced 
and hybrid immunity were diminished [13,3,4]. Recent findings 

Fig. 1. Distribution of reinfections and hospitalizations over the course of the pandemic. 

Fig. 2. Kaplan Meier analysis of time to reinfection with SARS-CoV-2 after vaccination (by sub-type) as compared to no prior vaccination. 
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suggest mRNA vaccines have negligible protection against Omicron 
infection after 6 months [4,13], and protection in persons with hy
brid immunity originated from the previous infection and not from 
vaccination [4]. In our report, hybrid immunity and a booster dose 
provided longer time to reinfection compared with natural im
munity. However, the duration was shorter compared with previous 
studies published before the Omicron surge as mentioned above. In 
Michigan, the Omicron variant became dominant in late December, 
and our study period was through February 2022. Consequently, the 
time to reinfection may have been shorter in our study.

In contrast to breakthrough or postvaccine infections 
[24,25,35,38,39], reinfections are more commonly reported in 
younger persons [13,18,24,25,3,31,4]. In the present study, the pa
tient population was also younger, with a median age of 41 years. 
Moreover, patients with hybrid immunity were older and more 
likely to have underlying comorbidities than those with natural 
immunity. However, the median number of comorbidities was lower 
in patients with reinfection compared with breakthrough infections 
or hospitalization [35,36]. Immunocompromised patients who are at 
higher risk for breakthrough infections and reinfection represented 
almost a quarter of our cohort and had higher odds of disease pro
gression, findings that were similar to previous reports 
[17,29,35,36,39,7].

Compared to previous studies [24,25], less than half of our pa
tients were symptomatic and likely represented exposed patients 
who were tested during the Omicron surge. In findings that were 
consistent with prior studies [3], natural and hybrid immunity were 
effective against COVID-19-related hospitalization, but hybrid 

immunity conferred stronger protection against symptomatic dis
ease and progression to critical illness and was associated with 
longer time to reinfection. Booster vaccine may have contributed to 
the lower symptomatic disease and longer time to reinfection. ICU 
admission and need for IMV occurred in low numbers and were not 
adequately powered to detect any significant difference, but there 
was a trend toward vaccination and booster association with re
duced ICU admission and need for IMV. Mortality rates were very 
low in both groups. Age and immunocompromised status, particu
larly among those with active malignancy, were risk factors for 
progression to critical illness. Older age, multiple comorbidities and 
immunocompromised state were risk factors for hospitalization and 
disease progression regardless of vaccination status [29,35–37,39,7]. 
Protection conferred by prior infection with or without vaccination, 
lower number of comorbidities and younger age may in part explain 
the similar hospitalization and low mortality rates.

Although symptomatic infection was lower and time to reinfec
tion was longer in patients who were boosted, there was no sig
nificant difference in rate of hospitalization or progression to critical 
illness. These results should be interpreted with caution as the 
sample size of boosted patients was too small to detect any sig
nificant difference. However, these findings are supported by prior 
studies that showed 3 doses provided marginal benefit to individuals 
with natural immunity [24,25,27,8]. Boosters became available to 
select groups of individuals in September 2021 and widely in No
vember 2021, less than 3 months prior to the Omicron surge, which 
may explain the higher effectiveness in this group. Significant 
waning of vaccine effectiveness of the third dose against the Omi
cron variant has been reported [3,32].

This study has a few limitations. It was a single system retro
spective study. Most reinfections in our cohort were asymptomatic 
and occurred in December 2021 and January 2022 with a significant 
drop the following month (see Fig. 1). We are unable to explain the 
sudden drop in February, and we did not collect data for the sub
sequent months to evaluate the trend. However, we do not believe 
this was due to a delay in reporting since results were available 
within 24–48 h of sample collection. We stopped routine testing of 
fully vaccinated asymptomatic patients or those who had recovered 
from COVID-19 on admission or for procedures, and it is possible 
that there were additional asymptomatic reinfections that were not 
detected. Patients who are asymptomatic or mildly symptomatic 
may not seek testing and be underrepresented. Given the large 
sample size, we do not believe the results were significantly affected. 
Additionally, strain typing was not performed, and asymptomatic 
reinfections could have represented residual viral shedding from 
prior infection and contributed to the higher reinfection rate during 
this period. Although inpatient COVID-19 treatment was 

Table 2 
Outcomes of reinfection with SARS-CoV-2 among patients with natural and hybrid immunity (including booster) and patients who received booster. 

Outcome Total Natural Immunity Hybrid Immunity p-value No booster Booster p-value
n = 1846 n = 1073 n = 773 n = 1723 n = 123

Time to re-infection – days median (IQR) 351 (265–424) 294 (229–406) 391 (311–440) <  0.001 324 (256–414) 439 (372–467) <  0.001
BNT162b2 401 (284–458)
mRNA1273 393 (278–428)
JNJ78436735 345 (283–411)
No vaccination

Symptomatic* n (%) 668 (37.3) 425 (39.6) 263 (34.1) 0.001 655 (38.0) 33 (26.8) 0.002
COVID-19-related hospitalization 87 (4.7) 58 (5.4) 29 (3.7) 0.098 84 (4.9) 3 (2.4) 0.218
Critical COVID-19 development n (%) 64 (3.0) 46 (4.3) 18 (2.3) 0.023 61 (3.5) 3 (2.4) 0.519

Required intensive care 40 (2.2) 29 (2.7) 11 (1.4) 0.063 37 (2.1) 3 (2.4) 0.832
Required intubation 26 (1.4) 19 (1.8) 7 (0.9) 0.120 25 (1.5) 1 (0.8) 0.561
COVID-19-related mortality 7 (0.4) 5 (0.5) 2 (0.3) 0.475 7 (0.4) 0 (0) 0.478

Hospital length of stay – days median (IQR) 5 (2–9) 5 (2–9) 5 (3–10) 0.446 5 (2–9) 11 (7–11) 0.605

Critical COVID-19 development: composite of ICU admission, mechanical ventilation, and death
Significant p-values are bolded

* Symptoms reported for 1526/1846 patients in the cohort; the remainder did not have symptoms reported or documented on SARS-CoV-2 testing

Table 3 
Multivariable logistic regression analysis of Critical COVID-19 development in cohort 
(N = 1846). 

Variable Odds Ratio 95% CI p-value

Age 1.042 1.025–1.067 <  0.001
Female sex 0.562 0.319–0.978 0.041
Black race 1.421 0.887–1.477 0.247
Tobacco use 1.377 0.634–4.037 0.509
Obstructive sleep apnea 0.842 0.469–1.734 0.628
Diabetes Mellitus 2.320 1.245–4.119 0.006
Hypertension 1.837 0.820–4.115 0.139
Pregnancy 1.710 0.432–6.772 0.445
Immunocompromised state 2.313 1.348–4.110 0.003
Symptoms 1.341 0.826–2.297 0.219
Hybrid immunity 0.348 0.187–0.662 0.001
Boosted prior to re-infection 0.737 0.188–2.590 0.675
Income status 0.918 0.543–1.551 0.750

Critical COVID-19 development: composite of ICU admission, mechanical ventilation, 
and death
Significant p-values are bolded
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standardized, we did not take into consideration the use and impact 
of outpatient treatment modalities, including monoclonal anti
bodies, Evusheld, and PAXLOVID, on outcomes.

Strengths of our study include the large sample size that include 
both symptomatic and asymptomatic individuals. We were able to 
characterize and compare reinfections among individuals with nat
ural and hybrid immunity. Reinfections spanning the course of the 
pandemic were captured and included the Omicron period where 
most of the reinfections occurred.

Conclusion

Natural and hybrid immunity provided protection against SARS- 
CoV-2 reinfection and hospitalization with very low mortality rates. 
However, hybrid immunity conferred stronger protection against 
symptomatic disease and progression to critical illness and was as
sociated with longer time to reinfection compared to natural im
munity among patients with SARS-CoV-2 reinfection. Booster 
vaccination did not result in additional protection among previously 
infected people. Recovery from previous SARS-CoV-2 infection 
should be taken into consideration for purposes related to public 
health policies. Additionally, the stronger protection conferred by 
hybrid immunity against severe outcomes due to COVID-19 should 
be emphasized with the public to further the vaccination effort, 
especially in high-risk individuals such as older adults and im
munocompromised individuals.

Funding source

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contributors statement

Geehan Suleyman conceived the study, conducted the back
ground literature search and review, and designed the analysis plan 
with Raef Fadel, Indira Brar and George Alangaden. Data collection 
was performed by Geehan Suleyman, Raef Fadel, Kunj Patel,nAl 
Muthanna Shadid, Haim Bernardo Cotlear Stuart, Michael Kattula, 
Andrea Janis, Mohamed Maki, Shing Chao, and verified by Geehan 
Suleyman, Raef Fadel, and Indira Brar. Raef Fadel analyzed the data, 
and Geehan Suleyman and Raef Fadel designed the figures. All au
thors contributed to and reviewed the manuscript. All authors had 
full access to all the data in the study and had final responsibility for 
the decision to submit for publication.

Ethical approval

The study was approved by the Institutional Review Board of 
Henry Ford Health, Detroit, Michigan. Informed consent was waived 
given that the study exclusively used de-identified data.

Data Availability

De-identified participant data are available upon a reasonable 
request to Dr. Geehan Suleyman (gsuleym2 @hfhs.org).

Declaration of Competing Interest

The authors certify that they have NO affiliations with or in
volvement in any organization or entity with any financial interest, 
or non-financial interest in the subject matter or materials discussed 
in this manuscript.

References

[1] Abu-Raddad LJ, Chemaitelly H, Bertollini R. National Study Group for COVID-19 
epidemiology. severity of SARS-CoV-2 reinfections as compared with primary 
infections. N Engl J Med 2021;385:2487–9. https://doi.org/10.1056/ 
NEJMc2108120

[2] Akinbami LJ, Biggerstaff BJ, Chan PA, McGibbon E, Pathela P, Petersen LR. 
Reinfection with severe acute respiratory syndrome coronavirus 2 among pre
viously infected healthcare personnel and first responders. Clin Infect Dis 
2022;75:e201–7. https://doi.org/10.1093/cid/ciab952

[3] Altarawneh HN, Chemaitelly H, Ayoub HH, Tang P, Hasan MR, Yassine HM, et al. 
Effects of previous infection and vaccination on symptomatic Omicron infec
tions. N Engl J Med 2022;387:21–34. https://doi.org/10.1056/NEJMoa2203965

[4] Altarawneh HN, Chemaitelly H, Hasan MR, Ayoub HH, Qassim S, AlMukdad S, 
et al. Protection against the Omicron variant from previous SARS-CoV-2 infec
tion. N Engl J Med 2022;386:1288–90. https://doi.org/10.1056/NEJMc2200133

[5] Andreano E, Paciello I, Piccini G, Manganaro N, Pileri P, Hyseni I, et al. Hybrid 
immunity improves B cells and antibodies against SARS-CoV-2 variants. Nature 
2021;600:530–5. https://doi.org/10.1038/s41586-021-04117-7

[6] Bozio CH, Grannis SJ, Naleway AL, Ong TC, Butterfield KA, DeSilva MB, et al. 
Laboratory-confirmed COVID-19 among adults hospitalized with COVID-19-like 
illness with infection-induced or mRNA vaccine-induced SARS-CoV-2 immunity 
- nine states, January-September 2021. MMWR Morb Mortal Wkly Rep 
2021;70:1539–44. https://doi.org/10.15585/mmwr.mm7044e1

[7] Brosh-Nissimov T, Orenbuch-Harroch E, Chowers M, Elbaz M, Nesher L, Stein M, 
et al. BNT162b2 vaccine breakthrough: clinical characteristics of 152 fully vac
cinated hospitalized COVID-19 patients in Israel. Clin Microbiol Infect 
2021;27:1652–7. https://doi.org/10.1016/j.cmi.2021.06.036

[8] Carazo S, Skowronski DM, Brisson M, Sauvageau C, Brousseau N, Gilca R, et al. 
Protection against Omicron re-infection conferred by prior heterologous SARS- 
CoV-2 infection, with and without mRNA vaccination [Preprint]. 04.29.22274455 
medRxiv 2022;2022. https://doi.org/10.1101/2022.04.29.22274455

[9] Cavanaugh AM, Spicer KB, Thoroughman D, Glick C, Winter K. Reduced risk of 
reinfection with SARS-CoV-2 after COVID-19 vaccination - Kentucky, May-June 
2021. MMWR Morb Mortal Wkly Rep 2021;70:1081–3. https://doi.org/10.15585/ 
mmwr.mm7032e1

[10] Centers for Disease Control and Prevention. CDC Data Tracker. 〈https://covid.cdc. 
gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total〉, 2023 
(Accessed 15 January 2023).

[11] Centers for Disease Control and Prevention. Stay up to date with your COVID-19 
vaccines. 〈https://www.cdc.gov/coronavirus/2019-ncov/vaccines/stay-up-to- 
date.html〉, 2022a (Accessed 15 June 2022).

[12] Centers for Disease Control and Prevention. Underlying medical conditions as
sociated with higher risk for severe COVID-19: information for healthcare pro
fessionals. 〈https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/ 
underlyingconditions.html〉, 2022b (Accessed 1 March 2022).

[13] Chemaitelly H, Ayoub HH, AlMukdad S, Coyle P, Tang P, Yassine HM, et al. 
Duration of mRNA vaccine protection against SARS-CoV-2 Omicron BA.1 and 
BA.2 subvariants in Qatar. Nat Commun 2022;13:3082. https://doi.org/10.1038/ 
s41467-022-30895-3

[14] Chemaitelly H, Yassine HM, Benslimane FM, Al Khatib HA, Tang P, Hasan MR, 
et al. mRNA-1273 COVID-19 vaccine effectiveness against the B.1.1.7 and B.1.351 
variants and severe COVID-19 disease in Qatar. Nat Med 2021;27:1614–21. 
https://doi.org/10.1038/s41591-021-01446-y

[15] Chung H, He S, Nasreen S, Sundaram ME, Buchan SA, Wilson SE, et al. 
Effectiveness of BNT162b2 and mRNA-1273 covid-19 vaccines against sympto
matic SARS-CoV-2 infection and severe covid-19 outcomes in Ontario, Canada: 
test negative design study. BMJ 2021;374:n1943. https://doi.org/10.1136/bmj. 
n1943

[16] Crotty S. Hybrid immunity. Science 2021;372:1392–3. https://doi.org/10.1126/ 
science.abj2258

[17] Embi PJ, Levy ME, Naleway AL, Patel P, Gaglani M, Natarajan K, et al. Effectiveness 
of 2-dose vaccination with mRNA COVID-19 vaccines against COVID-19-asso
ciated hospitalizations among immunocompromised adults - nine states, 
January-September 2021. MMWR Morb Mortal Wkly Rep 2021;70:1553–9. 
https://doi.org/10.15585/mmwr.mm7044e3

[18] Gazit S, Shlezinger R, Perez G, Lotan R, Peretz A, Ben-Tov A, et al. Severe acute 
respiratory syndrome Coronavirus 2 (SARS-CoV-2) naturally acquired immunity 
versus vaccine-induced immunity, reinfections versus breakthrough infections: 
a retrospective cohort study. Clin Infect Dis 2022;75:e545–51. https://doi.org/10. 
1093/cid/ciac262

[19] Goel RR, Apostolidis SA, Painter MM, Mathew D, Pattekar A, Kuthuru O, et al. 
Distinct antibody and memory B cell responses in SARS-CoV-2 naive and re
covered individuals following mRNA vaccination. Sci Immunol 2021;6:eabi6950. 
https://doi.org/10.1126/sciimmunol.abi6950

[20] Grant R, Charmet T, Schaeffer L, Galmiche S, Madec Y, Von Platen C, et al. Impact 
of SARS-CoV-2 Delta variant on incubation, transmission settings and vaccine 
effectiveness: Results from a nationwide case-control study in France. Lancet 
Reg Health Eur 2022;13:100278. https://doi.org/10.1016/j.lanepe.2021.100278

[21] Hall V, Foulkes S, Insalata F, Kirwan P, Saei A, Atti A, et al. Protection against 
SARS-CoV-2 after Covid-19 vaccination and previous infection. N Engl J Med 
2022;386:1207–20. https://doi.org/10.1056/NEJMoa2118691

[22] Hammerman A, Sergienko R, Friger M, Beckenstein T, Peretz A, Netzer D, et al. 
Effectiveness of the BNT162b2 vaccine after recovery from Covid-19. N Engl J 
Med 2022;386:1221–9. https://doi.org/10.1056/NEJMoa2119497

G. Suleyman, R. Fadel, K. Patel et al. Journal of Infection and Public Health 16 (2023) 1262–1268

1267



[23] Johns Hopkins University of Medicine. Coronavirus Resource Center, Global Map. 
〈https://coronavirus.jhu.edu/map.html〉, 2023 (Accessed 15 January 2023).

[24] Kim P, Gordon SM, Sheehan MM, Rothberg MB. Duration of severe acute re
spiratory syndrome Coronavirus 2 natural immunity and protection against the 
Delta variant: a retrospective cohort study. Clin Infect Dis 2022;75:e185–90. 
https://doi.org/10.1093/cid/ciab999

[25] Kim PS, Schildhouse RJ, Saint S, Bradley SF, Chensue S, Houchens N, et al. Vaccine 
breakthrough infections in veterans hospitalized with coronavirus infectious 
disease-2019: a case series. Am J Infect Control 2022;50:273–6. https://doi.org/ 
10.1016/j.ajic.2021.10.003

[26] Leon TM, Dorabawila V, Nelson L, Lutterloh E, Bauer UE, Backenson B, et al. 
COVID-19 cases and hospitalizations by COVID-19 vaccination status and pre
vious COVID-19 diagnosis - California and New York, May-November 2021. 
MMWR Morb Mortal Wkly Rep 2022;71:125–31. https://doi.org/10.15585/ 
mmwr.mm7104e1

[27] Lind ML, Robertson AJ, Silva J, Warner F, Coppi AC, Price N, et al. Effectiveness of 
primary and booster COVID-19 mRNA vaccination against Omicron variant SARS- 
CoV-2 infection in people with a prior SARS-CoV-2 infection [Preprint]. medRxiv 
2022;2022. https://doi.org/10.1101/2022.04.19.22274056

[28] Lopez Bernal J, Andrews N, Gower C, Gallagher E, Simmons R, Thelwall S, et al. 
Effectiveness of Covid-19 vaccines against the B.1.617.2 (Delta) variant. N Engl J 
Med 2021;385:585–94. https://doi.org/10.1056/NEJMoa2108891

[29] Moffa MA, Shively NR, Walsh TL. Characteristics of postvaccination Coronavirus 
disease 2019 hospitalizations prior to booster vaccines. Open Forum Infect Dis 
2022;9:ofac014. https://doi.org/10.1093/ofid/ofac014

[30] The New York Times, 2022. Tracking Omicron and other coronavirus variants. 
〈https://www.nytimes.com/interactive/2021/health/coronavirus-variant- 
tracker.html〉, 2022 (Accessed 18 June 2022).

[31] Nordstrom P, Ballin M, Nordstrom A. Risk of SARS-CoV-2 reinfection and COVID- 
19 hospitalisation in individuals with natural and hybrid immunity: a 

retrospective, total population cohort study in Sweden. Lancet Infect Dis 
2022;22:781–90. https://doi.org/10.1016/S1473-3099(22)00143-8

[32] Patalon T, Saciuk Y, Peretz A, Perez G, Lurie Y, Maor Y, et al. Waning effectiveness 
of the third dose of the BNT162b2 mRNA COVID-19 vaccine. Nat Commun 
2022;13:3203. https://doi.org/10.1038/s41467-022-30884-6

[33] Petras M. Highly effective naturally acquired protection against COVID-19 per
sists for at least 1 year: a meta-analysis. J Am Med Dir Assoc 2021;22:2263–5. 
https://doi.org/10.1016/j.jamda.2021.08.042

[34] Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety 
and efficacy of the BNT162b2 mRNA Covid-19 vaccine. N Engl J Med 
2020;383:2603–15. https://doi.org/10.1056/NEJMoa2034577

[35] Suleyman G, Fadel R, Alsaadi A, Sueng LN, Ghandour A, Alkhatib A, et al. 
Progression to critical illness and death in patients with breakthrough hospi
talizations. Open Forum Infect Dis 2022;9:ofac213. https://doi.org/10.1093/ofid/ 
ofac213

[36] Suleyman G, Fadel R, Brar I, Kassab R, Khansa R, Sturla N, et al. Risk factors 
associated with hospitalization and death in COVID-19 breakthrough infections. 
Open Forum Infect Dis 2022;9:ofac116. https://doi.org/10.1093/ofid/ofac116

[37] Suleyman G, Fadel RA, Malette KM, Hammond C, Abdulla H, Entz A, et al. Clinical 
characteristics and morbidity associated with Coronavirus disease 2019 in a 
series of patients in metropolitan Detroit. JAMA Netw Open 2020;3:e2012270. 
https://doi.org/10.1001/jamanetworkopen.2020.12270

[38] Tenforde MW, Patel MM, Ginde AA, Douin DJ, Talbot HK, Casey JD, et al. 
Effectiveness of severe acute respiratory syndrome Coronavirus 2 messenger 
RNA vaccines for preventing Coronavirus disease 2019 hospitalizations in the 
United States. Clin Infect Dis 2022;74:1515–24. https://doi.org/10.1093/cid/ 
ciab687

[39] Tenforde MW, Self WH, Adams K, Gaglani M, Ginde AA, McNeal T, et al. 
Association between mRNA vaccination and COVID-19 hospitalization and dis
ease severity. JAMA 2021;326:2043–54. https://doi.org/10.1001/jama.2021. 
19499

G. Suleyman, R. Fadel, K. Patel et al. Journal of Infection and Public Health 16 (2023) 1262–1268

1268


	Outcomes associated with SARS-CoV-2 reinfection in individuals with natural and hybrid immunity
	Authors

	Outcomes associated with SARS-CoV-2 reinfection in individuals with natural and hybrid immunity
	Introduction
	Methods
	Study design and participants
	Data collection
	Outcomes
	Statistical analysis

	Results
	Patient characteristics
	Outcomes

	Discussion
	Conclusion
	Funding source
	CRediT authorship contributors statement
	Ethical approval
	Data Availability
	Declaration of Competing Interest
	References


