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Abstract

Background

Knowledge about protection conferred by previous Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) infection and/or vaccination against emerging viral variants
allows clinicians, epidemiologists, and health authorities to predict and reduce the future
Coronavirus Disease 2019 (COVID-19) burden. We investigated the risk and symptoms of
SARS-CoV-2 (re)infection and vaccine breakthrough infection during the Delta and Omicron
waves, depending on baseline immune status and subsequent vaccinations.

Methods and findings

In this prospective, multicentre cohort performed between August 2020 and March 2022,
we recruited hospital employees from ten acute/nonacute healthcare networks in Eastern/
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Northern Switzerland. We determined immune status in September 2021 based on serology
and previous SARS-CoV-2 infections/vaccinations: Group N (no immunity); Group V (twice
vaccinated, uninfected); Group | (infected, unvaccinated); Group H (hybrid: infected and >1
vaccination). Date and symptoms of (re)infections and subsequent (booster) vaccinations
were recorded until March 2022. We compared the time to positive SARS-CoV-2 swab and
number of symptoms according to immune status, viral variant (i.e., Delta-dominant before
December 27, 2021; Omicron-dominant on/after this date), and subsequent vaccinations,
adjusting for exposure/behavior variables.

Among 2,595 participants (median follow-up 171 days), we observed 764 (29%) (re)
infections, thereof 591 during the Omicron period. Compared to group N, the hazard ratio
(HR) for (re)infection was 0.33 (95% confidence interval [CI] 0.22 to 0.50, p < 0.001) for V,
0.25 (95% CI1 0.11 t0 0.57, p=0.001) for I, and 0.04 (95% CI1 0.02 t0 0.10, p < 0.001) forH in
the Delta period. HRs substantially increased during the Omicron period for all groups; in
multivariable analyses, only belonging to group H was associated with protection (adjusted
HR [aHR] 0.52, 95% CI1 0.3510 0.77, p= 0.001); booster vaccination was associated with
reduction of breakthrough infection risk in groups V (aHR 0.68, 95% CI1 0.54 10 0.85, p=
0.001) and H (aHR 0.67, 95% CI 0.45 t0 1.00, p = 0.048), largely observed in the early Omi-
cron period. Group H (versus N, risk ratio (RR) 0.80, 95% CI1 0.66 to 0.97, p=0.021) and
participants with booster vaccination (versus nonboosted, RR 0.79, 95% CI 0.71 10 0.88, p <
0.001) reported less symptoms during infection. Important limitations are that SARS-CoV-2
swab results were self-reported and that results on viral variants were inferred from the pre-
dominating strain circulating in the community at that time, rather than sequencing.

Conclusions

Our data suggest that hybrid immunity and booster vaccination are associated with a
reduced risk and reduced symptom number of SARS-CoV-2 infection during Delta- and
Omicron-dominant periods. For previously noninfected individuals, booster vaccination
might reduce the risk of symptomatic Omicron infection, although this benefit seems to
wane over time.

Author summary

Why was this study done?

« Preexisting immunity against Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2)—either from previous infection or vaccination—confers protection
against severe Coronavirus Disease 2019 (COVID-19).

o Few studies have prospectively determined the SARS-CoV-2 infection risk based on
large-scale serologic testing to detect previous asymptomatic infections.

» Real-world evaluations of infections during periods with distinct SARS-CoV-2 variants
are valuable to assess protection by preexisting immunity and inform health policy
guidelines.
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What did the researchers do and find?

o In September 2021, 2,554 healthcare workers were classified into four different groups
based on previous SARS-CoV-2 serology results and infection/vaccination history.

« Participants were followed until March 2022 to assess the association of immune status
and additional vaccinations with self-reported COVID-19 and symptoms.

« Hybrid immunity (i.e., previous infection and at least one vaccination) resulted in a
reduced SARS-CoV-2 infection risk and less symptoms during the Delta or Omicron
period.

« Booster vaccination was associated with reduced infection risk and less symptoms dur-
ing the first half of the Omicron period analysed in our study.

What do these findings mean?

« Individuals who were previously infected and vaccinated seem to be best protected and
exhibit less symptoms of SARS-CoV-2 infection than those with other immune status.

o Booster vaccination might further reduce both the risk of Omicron breakthrough infec-
tion and the number of reported symptoms, although this benefit fades over time.

o These findings might inform healthcare providers and public health authorities in esti-
mating the risk of SARS-CoV-2 (re)infection in individuals or communities.

Background

Mitigation of Coronavirus Disease 2019 (COVID-19) relies on establishing an ideally long-
lasting immune barrier against Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2). Studies from the pre-Omicron era show that specific neutralizing antibodies as
marker for humoral immunity reduce the risk of symptomatic (re)infection and thus disease
recurrence upon reexposure to a homologous viral strain [1]. Although natural infection with
SARS-CoV-2 elicits a broader humoral response than mRNA vaccine administration, levels of
neutralizing antibodies are lower after natural infection [2]. Concerning (re)infection however,
previous infection is associated with 85% protection over at least 9 months [3]; also, infected
individuals might be even better protected than only vaccinated individuals [4]. A still lower
reinfection risk has been reported for individuals with hybrid immunity, i.e., SARS-CoV-2
infection plus at least one vaccination [5-10].

Yet, weak or waning humoral response in tandem with the emergence of new viral variants,
capable of potentially escaping immune response, lead to a continued risk of reinfection with
heterologous SARS-CoV-2 strains [1,11,12]. This is particularly true for the Omicron variant
[13], which is the predominant viral strain globally as of October 2022 [14], causing mostly
milder infections compared to preceding strains [15-17]. Available evidence from adult and
pediatric populations points towards good effectiveness of prior mRNA vaccination against
severe COVID-19 and hospitalisation due to Omicron variants, but less so against asymptom-
atic and symptomatic, mild breakthrough infections [11,18-21]. Similar to the pre-Omicron
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era, some studies have shown that previous infection or hybrid immunity (compared to vacci-
nation alone) might provide better protection against the Omicron variant. However, these
studies were either small [22] or relied on population-based data [23], ignoring the fact that a
substantial proportion of SARS-CoV-2 infections remain undetected with the risk of misclassi-
fication [24]. Also, behavior and exposure variables, which are likely to be different between
previously vaccinated and unvaccinated individuals, were not considered in these studies. The
influence of type and timing of SARS-CoV-2 vaccination on eventual risk of breakthrough
infection has been described for previous variants, but not for Omicron [7,25].

Within a prospective, multicentre healthcare worker (HCW) cohort study, we aimed to
determine the risk for and symptoms of COVID-19 by comparing Delta- and Omicron-domi-
nant periods, depending on previous immune status based on infection/vaccination history
and serology results. Furthermore, we examined the role of booster vaccination on these out-
comes. For those with two vaccinations, we assessed the role of mRNA vaccine type and timing
of vaccine doses on breakthrough infection risk.

Methods
Study design and population

This prospective cohort (SURPRISE) was initiated in summer 2020, after the first COVID-19
wave in Switzerland. The study was approved by the ethics committee of Eastern Switzerland
(#2020-00502), and participants provided digital written informed consent. Health profession-
als (with and without patient contact) aged 16 years or older from ten healthcare networks
located in Northern and Eastern Switzerland were included between June 2020 and March
2021. From their inclusion until September 2021, participants were prospectively followed
through weekly questionnaires on SARS-CoV-2 infections/vaccinations, and periodic SARS-
CoV-2 serology measurements in August 2020, January 2021, and August/September 2021
[26]. Participants without available serology from August/September 2021 were excluded. For
the present work, no prespecified analysis plan was designed.

Baseline immune status was assessed as of September 20, 2021 (Fig 1), based on previous
infection/vaccination history and all available serology results. During the local emergence of
the Delta (October to December 2021) and Omicron B.1.1.529.1 (Nextstrain 21K; BA.1) vari-
ant (January to March 2022), the follow-up survey through questionnaires was continued at
monthly intervals. Information collected included SARS-CoV-2 exposures, reports of naso-
pharyngeal swab (NPS) tests (positive and negative), symptoms associated with positive NPS,
and receipt of subsequent (booster or first) vaccinations.

SARS-CoV-2 diagnostics

Participants were asked to get tested for SARS-CoV-2 in case of compatible symptoms, accord-
ing to national recommendations. SARS-CoV-2 was detected by polymerase chain reaction
(PCR) or rapid antigen diagnostic (RAD) test, depending on the participating institutions.
Some facilities also switched from PCR to RAD in the course. No sequencing for determina-
tion of the viral variants was performed; the viral variant was inferred from the predominating
strain circulating in the community at that time (see below). To verify the completeness and
accuracy of self-reported NPS results (PCR or RAD), all positives and a random sample of neg-
atives were validated for a subgroup of HCWs from the largest participating institution as
described previously [27]. Anti-nucleocapsid (anti-N) and anti-spike (anti-S) antibodies were
measured using the Roche Elecsys (Roche Diagnostics, Rotkreuz, Switzerland) electro-chemi-
luminescence immunoassay [28].

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004125 November 7, 2022 4/17


https://doi.org/10.1371/journal.pmed.1004125

PLOS MEDICINE Association of previous infections and vaccinations on SARS-CoV-2 risk

Delta dominant Omicron dominant

14000

12000

10000 SARS-CoV-2

serologies L .
(anti-S/anti-N) Booster vaccination availa

8000

6000

Number of weekly community
SARS-CoV-2 cases in Eastern Switzerland

Baseline
4000 immune status

l

2000

Sep 20th (day 1) Dec 27th (day 99) Mar 6th (day 168)

2021 2022
Fig 1. Study timeline depicting the longitudinal follow-up of participants in correlation with the virus variants circulating in Eastern Switzerland.

https://doi.org/10.1371/journal.pmed.1004125.9001

Definition of predictor variables

We defined four distinct immune status groups (i.e., main predictor) as of September 20, 2021,
according to previous questionnaires and serology results: (i) Group N (reference): no
reported infection and anti-N/anti-S negative and no previous SARS-CoV-2 vaccination; (ii)
Group V (vaccinated): no reported infection and anti-N negative, but twice vaccinated (with
any time interval between doses) with the second dose being at least 7 days ago; (iii) Group I
(infected): infection reported or anti-N positive (at any time), but no vaccination; (iv) Group
H (hybrid immunity): reported infection or anti-N positive (at any time) and vaccination (>1
dose) at least 7 days ago. In addition, we collected information on vaccination after September
20, 2021, either booster vaccination (available from November 2021 on) for groups V and H or
first vaccinations for groups N and I. Again, participants were considered as boosted 7 days
after receipt of the vaccine. Immune status was treated as time-dependent variable, so that par-
ticipants switched from group I to H after the first vaccination, and from group N to V after
the second vaccination. Participants in group N with only one vaccination were not considered
and were only included 7 days after receipt of their second dose. The different groups and out-
comes are illustrated in S1 Fig. For other predictor variables, S1 Table shows definitions and
time points of the corresponding questionnaire.

Outcomes

The main outcome was time to the first SARS-CoV-2-positive NPS reported after September
20, 2021. Outcomes occurring between September 20, 2021 and March 6, 2022 were included.
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The period before December 27, 2021 was defined as Delta-dominant (i.e., Delta period), the
period on and after this date as Omicron-dominant (i.e., Omicron period), based on sequenc-
ing data from North-Eastern Switzerland [29]. We treated our outcome as a survival event, i.e.,
participants were no longer at risk after their first positive NPS. We also calculated the number
of symptoms reported during SARS-CoV-2 infection.

Statistical analysis regarding infection risk

We computed Kaplan-Meier curves to compare the occurrence of SARS-CoV-2 (re)infection
(first positive NPS) through time according to immune status; noninfected participants were
censored at the time of the last available follow-up questionnaire. The risk of (re)infection was
compared among groups (treated as time-dependent variable) using Cox regression; hazard
ratios (HRs) and corresponding 95% confidence intervals (CIs) were calculated. This analysis
was performed separately for the Delta and Omicron periods, with and without adjusting for
receipt of booster vaccination. In addition, Kaplan—Meier curves were computed to visualize
the association of booster vaccination on infection risk during the Omicron period, when
most of these vaccinations had already been received.

Multivariable Cox-regression analysis was performed to correct for additional confounding
variables, which were a priori selected based on previous analyses and expected importance
[30]. Multiple imputation was used to substitute missing values (S1 Methods). Time-depen-
dent variables were, besides immune status, receipt of booster vaccination, SARS-CoV-2 infec-
tion of a household contact within the same month, and documentation of >1 negative test in
the previous month (to adjust for differences in testing behaviour). Time-independent vari-
ables included baseline anthropometric data and further variables reflecting SARS-CoV-2 risk
exposures and behaviours (S1 Table). We performed a sensitivity analysis excluding infections
occurring during the period of variant overlap between December 6, 2021 and January 3, 2022
to minimize contamination of infections occurring in the Delta and Omicron periods with the
respective other viral variant.

Supplementary analyses

Because model diagnostics showed that the influence of booster vaccination was time depen-
dent in the Omicron period, we further split this period into an early (before February 15,
2022) and late Omicron phase (after this date).

To estimate the influence of time since last immunization event, we included time from
previous infection or vaccination (i.e., time of preimmunization) until September 20, 2021 for
those individuals where this information was available. The exact day of initial infection could
not be assessed in those with only positive anti-N but no report of positive NPS; also, group N,
which per definition did not have an immunization event, was excluded and group V was cho-
sen as reference category instead.

Finally, to assess the impact of type and timing of vaccination within group V, we included
the type of vaccine (i.e., mRNA-1273 or BNT162b2), the time of preimmunization, and time
between first and second vaccination dose.

Frequency of SARS-CoV-2 symptoms

We used univariable and multivariable Poisson regression to assess the impact of baseline
immune status on symptom number for infections that occurred before any booster or first
vaccination. Covariables included the virus variants (Delta versus Omicron period), the
month of (re)infection (to adjust for the fact that immune protection wanes over time), and a
priori selected variables based on their importance in previous analyses [31].
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To assess the impact of booster vaccination on number of symptoms, we performed a sec-
ond analysis restricted to groups V and H, and to infections occurring during the Omicron
period (because of the small number of infections preceded by booster in the Delta period).
The study is reported as per the Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) guideline (S1 STROBE Checklist) [32]. R version 4.1.2 was used for sta-
tistical analyses.

Results
Study population

Of the 5,792 initial cohort participants, 2,595 (45%) underwent serology testing in August/Sep-
tember 2021 and completed at least one follow-up questionnaire. Thereof, 2,554 were classified
into one of the immune status groups at baseline: 581 (22.7%) in group H, 162 (6.3%) in I,
1,643 (64.3%) in V, and 168 (6.6%) in N; additionally, 41 individuals were assigned to group V
during follow-up (after their second vaccination) (S2 Fig). Median follow-up was 171 days
(interquartile range 131 to 171). Baseline characteristics are summarized in Table 1.

SARS-CoV-2 (re)infections by immune status and time period

A total of 764 (29.4%) infections were reported in 2,595 participants, whereof 173 (22.6%)
occurred during the Delta and 591 (77.4%) during the Omicron period. During Delta, the risk
for COVID-19 was significantly reduced for groups V (HR 0.33, 95% CI 0.22 to 0.50,

p <0.001),I (HR 0.25,95% CL0.11 to 0.57, p = 0.001), and H (HR 0.04, 95% CI 0.02 to 0.10,
p < 0.001) compared to group N. These associations were less pronounced during the Omi-
cron period for all groups (Fig 2).

Booster vaccination and risk of infection

By March 2022, 80% of participants in groups V and H had received a booster (median time of
booster was December 14, 2021) (S3 Fig). Adjusting the univariable model for booster vacci-
nation, the adjusted HR (aHR) remained similar for the Delta period as in the unadjusted

Table 1. Baseline characteristics of study participants (n = 2,582) according to immune status at baseline. Number (#) of individuals with missing values are also

indicated.
Immune status at baseline N \4 I H Missing
n =168 n=1,643 n=162 n =581 (n)
Age at baseline (median, years) 38.3 45.2 35.2 41.7 4
Sex (% male vs. female) 8.4% 21.5% 8.7% 20.7% 22
Body mass index >30 kg/m? at study inclusion (%) 10.1% 12.1% 12.3% 11.2% 0
Any comorbidity at study inclusion (%) 31.1% 40.1% 32.1% 40.4% 120
Any patient contact at baseline (%) 79.1% 76.5% 87.9% 86.3% 117
Always wearing respirator mask at baseline (%) 13.9% 22.0% 9.4% 18.8% 117
Anti-spike titer (median, in BAU/ml) <0.4 1085 103 3502 82
Any negative test during follow-up (%) 83.3% 73.4% 74.1% 71.6% 0
Any positive household member during follow-up (%) 36.9% 34.8% 28.4% 26.1% 0
Duration of follow-up (median, days) 171 171 171 171 0

None (N): no reported infection and anti-N/-S negative and no previous SARS-CoV-2 vaccination; V (vaccinated): no reported infection and anti-N negative, but twice

vaccinated; I (infected): infection reported or anti-N positive (at any time), but no vaccination; H (hybrid immunity): reported infection or anti-N positive (at any time)

and vaccination (>1 dose).

https://doi.org/10.1371/journal.pmed.1004125.t001
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Fig 2. Left: influence of baseline immune status on the time course of (re)infection events, shown separately for the two periods
(Delta vs. Omicron) by resetting Kaplan-Meier curves to 0 on December 27, 2021. Note that group differences depicted in the graph
include any impact of booster vaccination (in groups V and H). Right: HRs with 95% CIs from Cox regression regarding risk of
SARS-CoV-2 (re)infection for each immune status compared with group N (no previous infection or vaccination), both without and
with adjustment for booster vaccination. CI, confidence interval; HR, hazard ratio; SARS-CoV-2, Severe Acute Respiratory
Syndrome Coronavirus 2.

https://doi.org/10.1371/journal.pmed.1004125.9002

model. In the Omicron period, only group H showed a reduced risk (aHR 0.45, 0.30 to 0.67,

p < 0.001) compared to group N, whereas no significant risk reduction was observed for
groups V and I (Fig 2). Restricting the analysis to the Omicron period, receipt of booster vacci-
nation was associated with reduced infection risk in groups V (aHR 0.68, 95% CI 0.54 to 0.85,
p=0.001) and H (aHR 0.67, 95% CI 0.45 to 1.00, p = 0.048) (Fig 3).

Multivariable analysis and sensitivity analyses

When models included exposure and behaviour variables, results were similar, with group H
being the only group with reduced infection risk (aHR 0.52, 95% CI 0.35 to 0.77, p = 0.001) in

" Group V Group H

% 0.4} 04F
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Fig 3. Influence of booster on the time course of (re)infection events during Omicron dominance, with HRs and 95%
ClIs, according to immune status. Note that participants receiving their booster after December 27, 2021 were initially
classified as “no” and subsequently switched to “yes,” so that numbers at risk for “yes” increase initially. CI, confidence
interval; HR, hazard ratio.

https://doi.org/10.1371/journal.pmed.1004125.g003
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Table 2. HRs with 95% ClIs from multivariable Cox regression regarding COVID-19 risk according to immune
status and period.

Delta period (n = 2,593) Omicron period (n = 2,355)

aHR (95% CI) p-value aHR (95% CI) p-value
Group V (vs. N) 0.47 (0.31-0.74) 0.001 0.85 (0.58-1.23) 0.393
Group I (vs. N) 0.26 (0.11-0.59) 0.002 0.74 (0.45-1.19) 0.213
Group H (vs. N) 0.06 (0.02-0.14) <0.001 0.52 (0.35-0.77) 0.001
Age (per decade) 0.97 (0.84-1.13) 0.709 0.79 (0.73-0.86) <0.001
Male vs. female 1.16 (0.80-1.69) 0.439 0.87 (0.70-1.08) 0.193
Body mass index >30 kg/m2 0.84 (0.50-1.41) 0.518 1.02 (0.79-1.31) 0.890
Patient contact 0.77 (0.53-1.11) 0.167 0.89 (0.72-1.09) 0.253
Respirator mask use 0.99 (0.64-1.55) 0.980 1.09 (0.87-1.35) 0.461
Positive household in last month 9.66 (7.15-13.05) <0.001 6.17 (5.24-7.27) <0.001
Any negative test 1.26 (0.90-1.75) 0.181 1.11 (0.93-1.32) 0.236
Booster 0.42 (0.21-0.83) 0.014 0.81 (0.66-0.99) 0.043

N (no immunity): no reported infection and anti-N/-S negative and no previous SARS-CoV-2 vaccination; V
(vaccinated): no reported infection and anti-N negative, but twice vaccinated; I (infected): infection reported or anti-
N positive (at any time), but no vaccination; H (hybrid immunity): reported infection or anti-N positive (at any time)
and vaccination (>1 dose).

aHR, adjusted HR; CI, confidence interval; statistics obtained by pooling model coefficients and standard errors from
ten imputations of missing covariate values; COVID-19, Coronavirus Disease 2019; HR, hazard ratio; SARS-CoV-2,
Severe Acute Respiratory Syndrome Coronavirus 2.

For results of univariable analysis, see 52 Table.

https://doi.org/10.1371/journal.pmed.1004125.t002

the Omicron period (Table 2). The main risk correlate for SARS-CoV-2 positivity was having
a SARS-CoV-2-positive household (as reported by the participant), both in the Delta (aHR
9.66,95% CI 7.15t0 13.05, p < 0.001) and the Omicron period (aHR 6.17, 95% CI 5.24 to 7.27,
p < 0.001).

Excluding infections during the Delta-Omicron overlap period and performing further
missing value imputations as well as a complete case analysis yielded similar HRs as the main
analysis (83 Table).

Supplementary analyses

Splitting the Omicron period into an early and late phase suggested a benefit of the booster
vaccination for the early Omicron phase (aHR 0.60, 95% CI 0.47 to 0.76, p < 0.001), but not
for the late Omicron phase (aHR 1.02, 95% CI 0.75 to 1.38, p = 0.90) (S4 Table).

Time since preimmunization was associated with infection risk during the Delta period
(aHR 1.16 per additional months, 95% CI 1.06 to 1.28, p = 0.003), but not the Omicron period
(aHR 1.00, 95% CI 0.96 to 1.04, p = 0.82). Hybrid immunity remained the immune status,
which best protected against infection in both periods. Of note, group I (compared to group
V) was better protected against infection in the Delta period (aHR 0.27, 95% CI 0.09 to 0.82,

p =0.023), but not in the Omicron period (aHR 0.84, 95% CI 0.49 to 1.44, p = 0.527)
(S5 Table).

Within group V, neither the time interval between dose 1 and dose 2 (HR 0.96 per month,
95% CI 0.73 to 1.27 p = 0.788) nor receipt of the mRNA-1273 (versus BNT162b2) vaccine (HR
0.79, 95% CI 0.62 to 1.01, p = 0.060) were significantly associated with reduced infection risk
(S6 Table).
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Fig 4. Number of symptoms reported after (re)infection by baseline immune status, grouped by Delta and Omicron periods (panel A, left)
and receipt of booster (panel B, right). N (no immunity): no reported infection and anti-N/-S negative and no previous SARS-CoV-2
vaccination; V (vaccinated): no reported infection and anti-N negative, but twice vaccinated; I (infected): infection reported or anti-N
positive (at any time), but no vaccination; H (hybrid immunity): reported infection or anti-N positive (at any time) and vaccination (>1
dose).

https://doi.org/10.1371/journal.pmed.1004125.g004

SARS-CoV-2 symptoms according to immune status and time period

Participants reported a median of four symptoms during SARS-CoV-2 episodes in the Delta
period, and three in the Omicron period (Fig 4). Group H reported fewer symptoms (median
of three) than group N (median of four, adjusted rate ratio [aRR] 0.81, 95% CI 0.67 to 0.97,

p = 0.026), even after adjusting for multiple covariables. Groups V and I did not report less
symptoms compared to group N (S7 Table). Restricting the analysis to vaccinated participants,
hybrid immunity (group H versus V, aRR 0.80, 95% CI 0.71 to 0.91, p < 0.001) and receipt of
booster vaccination (aRR 0.79, 95% CI 0.71 to 0.88, p < 0.001), were associated with fewer
symptoms, whereas having a comorbidity at baseline (aRR 1.17, 95% CI 1.06 to 1.28,

p =0.001) and being infected later during the Omicron period (aRR 1.22 per additional
months, 95% CI 1.13 to 1.31, p < 0.001) were associated with more symptoms (S8 Table).

Discussion

In this prospective multicentre study, we observed that participants with hybrid immunity and
those receiving booster vaccination reported the lowest risk for COVID-19 during the Delta
and Omicron periods, and, when infected during the Omicron period, were less symptomatic
than those only vaccinated or previously infected. However, this association with booster vac-
cination waned over time. Type and timing of baseline mRNA vaccines were not associated
with the outcomes.

Hybrid immunity, defined as immunity acquired from previous infection plus at least one
vaccination, was shown to be associated with reduced risk of SARS-CoV-2 reinfection com-
pared to previous infection only, for up to 9 months [33]. We confirm findings of this Swedish
study, which ended in October 2021 (i.e., before Delta was the predominant variant in Europe
including Sweden) [34]. Also, our data are in line with a study from Israel performed mainly
during the Delta period showing that persons with hybrid immunity were better protected
against breakthrough infection compared to only vaccinated persons [10]. In addition, our
findings suggest that hybrid immunity acquired from infections with previous variants not
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only provides protection against infections by the Delta, but also the Omicron variant, as
described in a previous study from Qatar [23]. In contrast to this latter study, which relied on
population-level data, we used baseline serology results allowing us to additionally capture pre-
vious asymptomatic infections and to adequately assign participants to the respective immune
status groups. Furthermore, our study revealed that hybrid immunity was the only immune
status associated with less symptoms compared to the group without any preexisting immu-
nity, for both time periods. These findings are in line with results of a laboratory-based study,
which showed that antibodies from sera of people with hybrid immunity were able to better
neutralize the Omicron variant, compared to antibodies from only vaccinated or infected indi-
viduals [35].

When ignoring the booster, we did no longer observe any additional protection of two-
dose vaccination in noninfected participants during the Omicron period. This finding adds to
data from Qatar, where the effectiveness of two-dose BNT162b2 vaccination against symptom-
atic Omicron infection was found to be negligible [23]. For the Delta period, we observed a
higher risk of (re)infection in twice vaccinated compared to previously infected, nonvacci-
nated participants. Similarly, in a large retrospective observational study in 124,500 partici-
pants, naturally acquired immunity to SARS-CoV-2 conferred stronger protection against
infection and symptomatic disease caused by the Delta variant, compared to the BNT162b2
two-dose vaccine-induced immunity [36]. The benefit of previous infection could be explained
by the broader immune response elicited by natural infection, with humoral and cellular
immune responses not only targeting the spike protein but also other viral antigens. However,
in our study, this association was no longer apparent during the Omicron period, where the
infection risk of participants with only infection-induced immunity compared to those with
vaccine-induced immunity was similar.

The effectiveness of previous infection in preventing reinfection with the Alpha, Beta, and
Delta variants of SARS-CoV-2 was around 90% and 60% for Omicron in another study from
Qatar [37]. These estimates are higher than in our study, where previous infection was associ-
ated with a 75% risk reduction during the Delta, and 25% during the Omicron dominating
period. In contrast to Altarawneh and colleagues, we included individuals with previous
asymptomatic infection. As the humoral immune response elicited by asymptomatic is weaker
compared to symptomatic infection [38], the benefit against reinfections might be lower,
which could explain the observed discrepancy.

Previous data have shown that the effectiveness of mRNA-1273 might be superior to
BNT162b2, likely because of the slower rise and faster decay of neutralizing antibody titers
elicited by BNT162b2 [39,40]. Our study was not designed to assess true vaccine effectiveness.
However, when adjusting for receipt of booster vaccine, the risk for breakthrough infection in
participants receiving either vaccine was similar, as has also been reported from Qatar [23];
the time interval between first and second vaccine did not impact these results, as has shown
previously for the ChAdOx1 vaccine [25].

Our data point towards a benefit of booster vaccination against infection in the Omicron
period of approximately 30%, which is below the 47% booster effectiveness reported previously
[6]. Also, in a study among US adults with COVID-like illness, the odds ratio for boosted ver-
sus nonboosted individuals was 0.16 for Delta and 0.34 for Omicron infections [19], which is
in the range of a prospective cohort of frontline workers, where booster mRNA vaccine pro-
vided around 90% protection against Delta and 60% against Omicron infection [18]. In the lat-
ter study, participants were routinely tested for SARS-CoV-2, resulting in a relevant
proportion of asymptomatic infections, which could have overestimated the benefit of the
booster vaccination. Another explanation for the lower figures observed in our study is that we
collected data over a longer period of Omicron activity (over 2 months), during which the
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booster effect might have waned [41]. Indeed, most participants in our cohort received their
booster vaccination before onset of the Omicron period; at the same time, in a supplementary
analysis of our data, the benefit associated with booster vaccination vanished in the late Omi-
cron period.

Nevertheless, both with the Delta and the Omicron variants, mRNA booster lead to strong
protection against COVID-19-related hospitalization and death [20,42]. Although these out-
comes were not relevant in our context, we observed a reduction of symptoms among boosted
versus nonboosted individuals during the Omicron period. However, we did not assess
whether this reduction of symptoms led to less work absenteeism or visits to healthcare
providers.

The most important strengths of this study are the availability of baseline serology data
along with behavioural and exposure variables, the prospective nature, and the coverage of
symptoms associated with COVID-19 are. Limitations of our study include that SARS-CoV-2
testing was not mandatory and that results were self-reported. However, we previously showed
that self-reported NPS results were highly consistent with documented (for positive NPS) and
nondocumented (negative NPS) infections [27]. In addition, we adjusted our analysis for the
participants’ testing behaviour. Viral variants were categorized based on the community epide-
miology only (predominating viral strain) and not on sequencing results. This potential impre-
cision could have led to underestimation of the differential impact of viral variant; yet,
excluding infections occurring during the overlap period as sensitivity analysis did not signifi-
cantly change the results. SARS-CoV-2-specific T-cell immunity is also likely relevant, for
assessing the risk for (re)infection, particularly of severe infection. However, as we did not
sample cells from the blood, we were not able to assess this part of the specific immune
response. Our results are insofar not generalizable, as the cohort consisted of a well-defined
group of young and healthy HCW with an increased exposure to SARS-CoV-2.

Conclusions

In this real-life study using large-scale serology data, we evaluated SARS-CoV-2 infections dur-
ing the Delta and Omicron waves in Switzerland and observed that hybrid immunity in HCW
—compared to other immune status—was associated with the lowest risk of (re)infection and
less symptoms in case of infection. Booster vaccination was associated with a risk reduction
and with fewer symptoms of SARS-CoV-2 breakthrough infection, although this benefit
seemed to fade during the Omicron period. Thus, our findings might inform healthcare pro-
viders and public health authorities in prioritizing SARS-CoV-2 vaccinations.
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