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Background aim: The Omicron COVID-19 variants BA.1* and BA.2* evade immune system leading to
increased transmissibility and breakthrough infections. We aim to test the hypothesis that immunity
achieved post COVID-19 infection combined with vaccination (hybrid immunity), is more effective
against Omicron infection than vaccination alone in a health-care setting.
Methods: Data on regular pre-emptive PCR testing from all Health-Care Workers (HCWs) at Laiko
University Hospital from 29th December 2020, date on which the national COVID-19 immunization pro-
gram began in Greece, until 24th May 2022, were retrospectively collected and recorded. The infection
rate was calculated after December 21st, 2021, when Omicron was the predominant circulating variant
in Greece, as the total number of infections (positive PCR COVID-19 test regardless of symptoms) divided
by the total person-months at risk.
Results: Of 1,305 vaccinated HCWs who were included in the analysis [median age of 47 (IQR: 36, 56)
years, 66.7 % women], 13 % and 87 % had received 2 or 3 vaccine doses (full and booster vaccination),
respectively. A COVID-19 infection had occurred in 135 of 1,305 of participants prior to Omicron predom-
inance. Of those 135 HCWs with hybrid immunity only 13 (9.6 %) were re-infected. Of the 154 and 1,016
HCWs with full and booster vaccination-induced immunity, respectively, 71 (46.1 %, infection rate
13.4/100 person-months) and 448 (44.1 %, infection rate 12.2/100 person-months) were infected during
the follow up period. No association between gender or age and COVID-19 infection was found and none
of the participants had a severe infection or died.
Conclusions: Hybrid immunity confers higher protection by almost 5-fold compared to full or booster
vaccination for COVID-19 infection with the Omicron variant among HCWs who are at high risk of expo-
sure. This may inform public health policies on how to achieve optimal immunity in terms of the timing
and mode of vaccination.

� 2022 Published by Elsevier Ltd.
1. Introduction

During the Coronavirus Disease 2019 (COVID-19) pandemic
several factors had an impact on the number of newly diagnosed
patients with Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) infection. The overall COVID-19 pattern so far
includes waves causing an increase in COVID-19 cases followed
by a decline, often associated with specific mutated variants of
concern (VOCs). Factors that showed to have had an impact on
the infection rate during each ‘‘wave” include the appropriate use
of personal protective equipments, implementation of public
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health measures (i.e., lock-down, school and business closure, bans
on mass gatherings, social-distancing), immunization programs,
the waning effect of vaccination over time, diverse individual
behaviors, infectiousness, and immune escape capacity of each
dominant circulating COVID-19 variant [1-3]. As new COVID-19
variants of concern appear and since immunity wanes over time,
there is a need for continuous monitoring of vaccine effectiveness.
A previous COVID-19 infection with the initial SARS-CoV-2 strains
had a time-dependent protective effect against re-infection with
the B.1.1.7 (alpha), B.1.351 (beta), and B.1.617.2 (delta) variants
[4-6].

Since winter 2021–2022 the predominant circulating Omicron
COVID-19 variants BA.1* and BA.2* behave differently to previous
variants, evading the immune system due to multiple mutations
in the receptor-binding domain (RBD) of the spike protein that
have been associated with increased transmissibility and immune
evasion both after natural infection and vaccination, leading to
breakthrough infections at a higher rate [7]. Concerns have
recently been raised about the effectiveness of the currently avail-
able COVID-19 vaccines, due to the rapid increase in COVID-19
cases related with the spread of the Omicron COVID-19 variants
even among vaccinated populations with booster dose(s) [8]. Find-
ings of studies based on neutralizing activity of antibodies showed
a reduced activity against the Omicron variants compared to the
initial SARS-CoV-2 strains, or subsequent VOCs other than the
Omicron. Although a booster COVID-19 vaccine dose increased
protection against infection, the protective effect also waned over
time [9,10].

Re-infections seemed to be uncommon among previously
infected persons including health-careWorkers (HCWs) over a per-
iod before the emergence of Omicron variants [11]. A recent
national case-control study found no discernable differences in
protection against symptomatic Omicron infection with previous
infection, vaccination and hybrid immunity, i.e., immunity
achieved post natural COVID-19 infection combined with comple-
tion of appropriate immunization [12]. Herein, we aim to test the
hypothesis that hybrid immunity is more effective against Omi-
cron infection than vaccination alone in a health-care setting.
2. Material and methods

2.1. Study design

Data from all 1,780 HCWs working at Laiko University Hospital
between 29th December 2020 and 24th May 2022 were retrospec-
tively collected and recorded. On the 29th of December 2020 the
national COVID-19 immunization program began in Greece. As of
this date the mRNA COVID-19 vaccines have become available
for vaccinating HCWs in priority, albeit on a voluntary basis. Since
vaccine hesitancy is a well-established phenomenon, even among
HCWs, as of the 1st of September 2021 vaccination has become
mandatory by State law for all HCWs in our country, and therefore
our study population consists of fully or boosted vaccinated per-
sonnel only [2]. Data with regards to age, sex, occupation, number
of COVID-19 vaccine doses, date of each COVID-19 vaccine dose,
and history of COVID-19 infection were collected.
2.2. Inclusion and exclusion criteria

HCWs working at Laiko University Hospital were assessed for
eligibility to be included in the study. Participants were excluded
if they: i) were temporarily moved to other services/locations dur-
ing the study period or had been on a long-term leave due to med-
ical conditions (n = 17), ii) had been vaccinated for COVID-19
abroad and dates of vaccination were not available (n = 7), iii)
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had not been vaccinated with any of the available COVID-19 vacci-
nes (n = 270), iv) had received only one dose (partial vaccination)
of any of the available COVID-19 vaccines (n = 95), v) had been
COVID-19 infected before the initiation of the national COVID-19
immunization program in Greece i.e., before the 29th December
2020 (n = 50), vi) had been COVID-19 infected before having the
first dose of any of the available COVID-19 vaccines (n = 23), vii)
had been COVID-19 infected before having the second dose of a
mRNA COVID-19 vaccine (Pfizer-BioNTech or Moderna) plus
14 days (n = 12), and viii) had been COVID-19 infected before hav-
ing the first dose of a viral vector COVID-19 vaccine (Johnson and
Johnson/Janssen) plus 14 days (n = 1).
2.3. Case definitions

A periodic pre-emptive infection control testing policy has been
applied by the Infection Control Committee of Laiko University
Hospital involving a COVID-19 PCR rhinopharyngeal test every
2 weeks for all HCWs. HCWs with a positive PCR test result were
considered as infected. In case a participant had more than one
positive COVID-19 PCRs we followed the CDC recommendations
for defining re-infection i.e., for persons with or without COVID-
19-like symptoms the time window was set at � 90 days.

Participants were divided in fully and booster vaccinated. HCWs
were considered as fully vaccinated when they had received 2
doses of any of the available mRNA vaccines (Pfizer-BioNTech or
Moderna) or 1 dose of the single dose vaccine (Johnson and John-
son/Janssen), whereas as booster vaccinated were considered those
who had received 3 doses of any mRNA vaccine or the single dose
vaccine plus a booster dose of Johnson and Johnson/Janssen. Fully
and booster vaccinated participants were further divided in two
subgroups, namely, those who had and those who had not been
infected with COVID-19 before the follow up. The starting date of
the follow up period was after the 21st of December 2021 since
according to data from the National Public Health Organization
of Greece from that date onwards, Omicron variants (BA.1* and
BA.2*) predominated in our country. Regarding the proportion of
different omicron subvariants, based on the national genomic
surveillance results, BA.1*, BA.2* and BA.5* were the dominant
variants during the periods: end of December 2021-end of Febru-
ary 2022, beginning of March 2022-end of May 2022 and begging
of June 2022 until currently (end of August 2022), respectively

(https://eody.gov.gr). For this reason, the starting date of the follow
up was set to the 21st December 2021 for those who have com-
pleted their vaccination plus 14 days. Otherwise, it was set to the
date of the 3rd or 2nd COVID-19 vaccine dose plus 14 days. For
participants who had not been COVID-19 infected after the starting
date of the follow up, the follow up ended on the 24th May 2022,
that was the last date of data collection, while for those who had
been COVID-19 infected, it was ended on the date of the positive
COVID-19 PCR test.
2.4. Data collection

Data with regards to age, sex, occupation, COVID-19 infection,
possible hospital admission and outcome were collected. As severe
COVID-19 was considered the infection if the patients had
SpO2 � 94 % on room air, including patients on supplemental oxy-
gen, in accordance with the Infectious Diseases Society of America
(IDSA) guidelines [13]. Dates of each administered COVID-19 vac-
cine dose, as well as dates of positive PCR COVID-19 test, defined
as date of COVID-19 infection, were additionally retrieved and
recorded through the National COVID-19 Registry by authorized
users.

https://eody.gov.gr
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2.5. Statistical analysis

We used median (interquartile range, IQR) and frequencies
(percentages) to describe the continuous and categorical variables,
respectively, of our dataset. Shapiro-Wilk test was used to examine
continues variables for normality. Statistical analysis was carried
out using the Pearson’s chi-squared test and Fisher’s exact test to
compare the characteristics of COVID-19 infected and non-
infected participants in the four subgroups of HCWs. Infection rate
was calculated as the total number of infections divided by the
total person-months at risk (per 100 person-months). Relative vac-
cine effectiveness is reported as a percentage and was defined as (1
– IRR) � 100, where IRR denotes the infection rate ratio for vacci-
nated HCWs with hybrid immunity versus vaccinated HCWs with-
out hybrid immunity. Statistical significance was assumed at
p < 0.05 and all the analyses were performed on STATA 16.0
program.

3. Results

3.1. Population characteristics

The demographics of 1305 vaccinated HCWs participating in
the study, with or without hybrid immunity by a COVID-19 infec-
tion before the follow up period, are summarized in Table 1. The
median age of all participants was 47 (IQR: 36, 56) years. The med-
ian age of fully vaccinated HCWs without and with previous
COVID-19 infection was 47 (IQR: 36, 57) and 49 (IQR: 33.5, 51)
years, respectively, whereas the median age of booster vaccinated
HCWs without and with previous COVID-19 infection was 47 (IQR:
37, 56) and 40 (IQR: 32, 52) years, respectively. The distribution of
HCWs according to gender and occupation in the four subgroups is
shown in Table 1. Of the 1,305 HCWs participating in the study 870
(66.7 %) were females.

3.2. Outcomes

Of 1,305 vaccinated HCWs who were included in the analysis,
170 (13 %) and 1,135 (87 %) had received 2 or 3 vaccine doses (full
and booster vaccination), respectively. In more detail, all the fully-
vaccinated HCWs (N = 170, 100 %) had received 2 doses of any of
the available mRNA vaccines (Pfizer-BioNTech or Moderna) and
among the 1,135 booster-vaccinated HCWs, 1,107 (97.5 %) had
received 3 doses of any mRNA vaccine and 28 (2.5 %) the single
dose vaccine (Johnson and Johnson/Janssen) plus a booster dose
of Johnson and Johnson/Janssen. A COVID-19 infection had
occurred in 135 of 1,305 (10 %) participants before the initiation
of the follow up period (during which Omicron was the predomi-
nant circulating variant in Greece), thus developing hybrid immu-
nity. Of those 135 HCWs with hybrid immunity 13 (9.6 %) were re-
infected. Of the 154 and 1,016 HCWs with full and booster
Table 1
Demographics of vaccinated Health-Care Workers with or without hybrid immunity (by a

Fully vaccinated without
hybrid immunity

Fully vaccinated w
hybrid immunity

Number (N) 154 16
Median age (IQR) 47 (36, 57) 49 (33.5, 51)
Gender (%)
Male 55 (35.7) 4 (25.0)
Female 99 (64.3) 12 (75.0)
Occupation (%)
Physician 38 (24.7) 3 (18.8)
Nurse 44 (28.6) 7 (43.7)
Other 72 (46.7) 6 (37.5)
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vaccination-induced immunity, respectively, 71 (46.1 %, infection
rate 13.4/100 person-months) and 448 (44.1 %, infection rate
12.2/100 person-months) were infected during the follow up per-
iod. As shown in Fig. 1, further comparison of fully vs. booster vac-
cinated COVID-19 infected HCWs without and with hybrid
immunity against COVID-19 infection showed no significant differ-
ence (46.1 % vs. 44.1 %, p-value = 0.642 and 6.3 % vs. 10.1 %, p-
value = 0.629, respectively). Infection rate per 100 person-
months for fully and booster vaccinated without or with hybrid
immunity is shown in Fig. 2. When the infection rate between fully
vaccinated HCWs with hybrid immunity was compared with that
of fully vaccinated HCWs without hybrid immunity, the relative
vaccine effectiveness showed to be 90.3 % (95 % CI: 44.1–99.8).
The relative vaccine effectiveness was 77.9 % (95 % CI: 60.2–88.4)
when the infection rate between booster vaccinated HCWs with
hybrid immunity was compared with that of booster vaccinated
HCWs without hybrid immunity. Further analysis to compare the
characteristics of COVID-19 infected and non-infected participants
in the four subgroups of HCWs showed no significant differences
and no association between gender or age and COVID-19 infection
(Table 2). None of the participants had a severe SARS-CoV-2 infec-
tion, required hospitalization, or died.
4. Discussion

To our knowledge, this is the first study addressing the effect of
hybrid immunity in preventing COVID-19 re-infection compared to
vaccination alone among HCWs who are at high risk of exposure
through vicinity with confirmed COVID-19 cases at the working
environment. Our results show that hybrid immunity confers
higher protection by almost 5-fold compared to vaccination alone
for COVID-19 re-infection with the Omicron variant, regardless of
whether immunization was full or boosted. Although older ages
(>70 years old) with impaired immunity were not included in
our study, no differences were seen when age or gender were taken
into account. Due to the fact that HCWs at our Hospital are tested
preemptively on a regular basis we managed to identify and
include even asymptomatic infections due to Omicron variant.
Based on our findings, Omicron is a hypertransmissive strain, lead-
ing to COVID-19, despite vaccination, in almost half of HCWs dur-
ing a 5-month period. Importantly, both hybrid and vaccine-
induced immunity prevented severe disease as shown by the fact
that none of the participants was hospitalized or died. Notably, ini-
tial COVID-19 infection did not require hospitalization in any of the
vaccinated HCWs described herein investigation on the potential
association between the severity of initial infection and the out-
come of reinfection was not possible in our population [2].

It has been well established that COVID-19 vaccination results
in strong protection against COVID-19-related hospitalization and
death [1,2,14]. Although a remarkably similar pattern of immune
response to build protection against COVID-19 infection has been
previous COVID-19 infection).

ith Booster vaccinated without
hybrid immunity

Booster vaccinated with
hybrid immunity

1,016 119
47 (37, 56) 40 (32, 52)

345 (34.0) 31 (26.0)
671 (66.0) 88 (74.0)

407 (40.1) 40 (33.6)
298 (29.3) 43 (36.1)
311 (30.6) 36 (30.3)



Fig. 1. Comparison of COVID-19 proportion of Omicron infections between fully and booster vaccinated Health-Care Workers with or without hybrid immunity (by a
previous COVID-19 infection) during the follow up period.

Fig. 2. Omicron infection rate per 100 person-months for fully and booster vaccinated Health-Care Workers with or without hybrid immunity (by a previous COVID-19
infection) during the follow up period.
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described, even when neutralizing antibody titers were taken into
account, the nature of vaccine induced immunity remains unclear
and wanes over time. According to the published evidence, the
third dose of the COVID-19 vaccine improves both humoral and
cellular immunity against SARS-CoV-2, with greater neutralizing
activity against different COVID-19 variants of concern [8]. Despite
the fact that the COVID-19 vaccine-induced protection against
infection appears to wane overtime, the protective effect against
hospitalization and death remains robust, with no evidence
of waning for several months after the additional vaccine dose
[15-18].
4

Prior infection with an initial COVID-19 variant, regardless of
whether this prior infection was ascertained by PCR or antibody
testing, was associated with low infection incidence by other circu-
lating variants [5]. Consecutive studies showed that, while natural
infection was protective from re-infection at a higher rate com-
pared to vaccine protection, immediately after the second
COVID-19 vaccine dose the difference was minimal and even at
4 months after vaccination there was no statistically significant
difference between protection of natural infection and that of
vaccine-induced protection [4,19-21]. However, Goel et al. showed
that the B and T-cell immune responses after SARS-CoV-2 mRNA



Table 2
Characteristics of COVID-19 infected and non-infected participants in the four subgroups of vaccinated Health-Care Workers with or without hybrid immunity (by a previous
COVID-19 infection).

Fully vaccinated without
hybrid immunity

Fully vaccinated with
hybrid immunity

Booster vaccinated without
hybrid immunity

Booster vaccinated with
hybrid immunity

Number (N) 154 16 1,016 119
Median age (IQR) 47 (36, 57) 49 (33.5, 51) 47 (37, 56) 40 (32, 52)

Infected Non-infected Infected Non-infected Infected Non-infected Infected Non-infected
Age (%)
Age < median 40 (52.6) 36 (47.4) 1 (14.3) 6 (85.7) 248 (51.7) 232 (48.3) 6 (10.2) 53 (89.8)
Age � median 31 (39.7) 47 (60.3) 0 (0.0) 9 (100.0) 200 (37.3) 336 (62.7) 6 (10.0) 54 (90.0)
p-value 0.109 0.437 <0.001 0.976
Gender (%)
Male 17 (30.9) 38 (69.1) 0 (0.0) 4 (100.0) 138 (40.0) 207 (60.0) 2 (6.4) 29 (93.6)
Female 54 (54.6) 45 (45.4) 1 (8.3) 11 (91.7) 310 (46.2) 361 (53.8) 10(11.4) 78 (88.6)
p-value 0.005 0.999 0.059 0.435
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vaccination remained for long, even as antibodies decline. This
immune memory was resilient to VOCs and generated an efficient
recall response upon antigen re-exposure [22]. Thus, the cellular
immunity may have an impact in limiting progression and the dur-
able T-memory cells may be responsible for preserving the protec-
tion against severe disease in vaccinated individuals [23]. Indeed,
as most recently shown, prior to Omicron predominance, natural
infection protection waned over time reaching a 70 % at 16 months
after the primary infection, more likely attributed to the genuine
waning in immunity than the viral immune evasion [24]. Along
this line, hybrid immunity which is presumably associated with
strong cellular immunity should confer an additive protective
effect. In fact, it has been shown that the highest protection against
COVID-19 re-infection was that of hybrid immunity that resulted
from prior infection combined with a recent booster vaccination,
even when the Omicron variants BA.1 and BA.2 were taken into
account [25]. This protective effect, however, was less apparent
during the Omicron variants BA.4 and BA.5 emergence if the prior
infection involved a pre-Omicron variant, but increased when
involved a BA.1 or BA.2 Omicron variant, reflecting the immune
system evasion capacity of the newly circulating Omicron strains
[26]. Finally, the advantages of hybrid immunity are also supported
by, as yet unpublished, findings showing that hybrid immunity
reduces by almost 2-fold the transmissibility of COVID-19 re-
infections, comparing to either vaccination induced-immunity
alone or natural immunity alone [27].

Kumar et al. shed light to the increased transmissibility of the
Omicron variant with the discovery of mutations, many of which
occurring in the spike protein’s RBD. The discovery of multiple
unidentified Omicron mutations inside dominant antibody epi-
topes has raised concerns that vaccination effectiveness and ther-
apeutic antibody approaches may be influenced and decreased.
These mutations lead to an altered binding pocket volume for
the Omicron variants that have the potential to affect viral trans-
missibility, infectivity and pathogenicity through enhancement of
the ACE2 receptor’s affinity [28]. However, COVID-19 mRNA vac-
cine effectiveness against COVID-19 hospitalization and death
due to Omicron infection remained high at 70 % after the second
dose increasing to 90 % after the booster dose, thus justifying the
need for a booster vaccine dose to increase robust protection by
immune response activation against severe infection and death
from Omicron variant infection [21].

Our study is not without limitations. The study population is
HCWs of working age without many comorbidities and therefore
our results do not apply to immunocompromized and people at
older age who may respond diversely to an Omicron infection.
Moreover, we should acknowledge that the statistical power of
the presented data is relatively low and that we have no data with
regards to the specific Omicron variants responsible for each of the
5

re-infections, but we are assuming that HCWs have been infected
by the same strains as those circulating at the general population
reported as part of the SARS-CoV-2 genomic surveillance (https://
www.eody.gov.gr). During the follow up period, starting after the
21st of December 2021 (Omicron predominance in Greece), we
experienced circulation of BA.1* and BA.2* variants, thus suggest-
ing that the study population was exposed to different variants.
Strengths of our study include the fact that the study population
was tested continuously over almost 2.5 years. In addition, our
results have incorporated an important factor that is person time
of the exposure period during the follow up.
5. Conclusions

We have shown that hybrid immunity confers far higher pro-
tection compared to vaccination alone in preventing COVID-19
re-infection with the Omicron variant among HCWs. Omicron vari-
ant was hypertransmissive even in a vaccinated population such as
the HCWs, but did not result in severe SARS-CoV-2 disease or
death. Because our study included participants that reflect a
healthy working population of a productive age, with fewer
immunocompromizing conditions in general, our results are not
generalizable. However, our findings may inform public health
policies on how to achieve optimal immunity in terms of the tim-
ing and mode of immunization. Health policy makers should
address the real challenges by optimizing vaccination recommen-
dations and encouraging further developments of vaccines that
will incorporate the novel VOCs in their design.
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