
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Vaccine 40 (2022) 7660–7666
Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vacc ine
Association between COVID-19 vaccination status, time elapsed since
the last vaccine dose, morbidity, and absenteeism among healthcare
personnel: A prospective, multicenter study
https://doi.org/10.1016/j.vaccine.2022.10.049
0264-410X/� 2022 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: Directorate of Research, Studies and Documentation, National Public Health Organization, 3-5 Agrafon Street, Athens 15123, Greece
E-mail address: maltezou.helena@gmail.com (H.C. Maltezou).
Helena C. Maltezou a,⇑, Maria N. Gamaletsou b, Dimitra-Maria Koukou c, Theodoros V. Giannouchos d,
Flora Sourri e, Natalia Syrimi e,f, Amalia Karapanou g, Nikolaos Lemonakis h, Emmanuela Peskelidou i,
Konstantina Papanastasiou j, Periklis Panagopoulos k, Kyriakos Souliotis l,m, Athanasia Lourida n,
Dimitrios Hatzigeorgiou o, Nikolaos V. Sipsas b

aDirectorate of Research, Studies and Documentation, National Public Health Organization, Athens, Greece
b Pathophysiology Department, Medical School, National and Kapodistrian University of Athens, Athens, Greece
c First Department of Pediatrics, University of Athens, Aghia Sophia Children’s Hospital, Athens, Greece
dDepartment of Health Services Policy and Management, Arnold School of Public Health, University of South Carolina, Columbia, SC, United States
eDepartment of Infection Control, 251 Hellenic Air Force General Hospital, Athens, Greece
f Paediatric Department, 251 Air Force General Hospital, Athens, Greece
g Infection Control Committee, Laiko General Hospital, Athens, Greece
h Infection Control Committee, University Hospital of Alexandroupolis, Alexandroupolis, Greece
iCOVID-19 Intensive Care Unit, 424 General Military Hospital of Thessaloniki, Thessaloniki, Greece
jOperating Rooms, 424 General Military Hospital of Thessaloniki, Thessaloniki, Greece
k Second Department of Internal Medicine, Medical School, Democritus University of Thrace, Alexandroupolis, Greece
l Faculty of Social and Political Sciences, University of Peloponnese, Corinth, Greece
mHealth Policy Institute, Athens, Greece
n Infection Control Committee, Aghia Sofia Children’s Hospital, Athens, Greece
oMedical Directorate, Hellenic National Defence General Staff, Athens, Greece

a r t i c l e i n f o a b s t r a c t
Article history:
Received 19 September 2022
Received in revised form 9 October 2022
Accepted 14 October 2022
Available online 26 October 2022

Keywords:
COVID-19 vaccination
Booster
Healthcare personnel
Morbidity
Absenteeism
Aim: We assessed the impact of COVID-19 vaccination status and time elapsed since the last vaccine dose
on morbidity and absenteeism among healthcare personnel (HCP) in the context of a mandatory vaccina-
tion policy.
Methods: We followed 7592 HCP from November 15, 2021 through April 17, 2022. Full COVID-19 vacci-
nation was defined as a primary vaccination series plus a booster dose at least six months later.
Results: There were 6496 (85.6 %) fully vaccinated, 953 (12.5 %) not fully vaccinated, and 143 (1.9 %)
unvaccinated HCP. A total of 2182 absenteeism episodes occurred. Of 2088 absenteeism episodes among
vaccinated HCP with known vaccination status, 1971 (94.4 %) concerned fully vaccinated and 117 (5.6 %)
not fully vaccinated. Fully vaccinated HCP had 1.6 fewer days of absence compared to those not fully vac-
cinated (8.1 versus 9.7; p-value < 0.001). Multivariable regression analyses showed that full vaccination
was associated with shorter absenteeism compared to not full vaccination (OR: 0.56; 95 % CI: 0.36–0.87;
p-value = 0.01). Compared to a history of � 17.1 weeks since the last dose, a history of > 17.1 weeks since
the last dose was associated with longer absenteeism (OR: 1.22, 95 % CI:1.02–1.46; p-value = 0.026) and
increased risk for febrile episode (OR: 1.33; 95 % CI: 1.09–1.63; p-value = 0.004), influenza-like illness
(OR: 1.53, 95 % CI: 1.02–2.30; p-value = 0.038), and COVID-19 (OR: 1.72; 95 % CI: 1.24–2.39; p-
value = 0.001).
Conclusions: The COVID-19 pandemic continues to impose a considerable impact on HCP. The adminis-
tration of a vaccine dose in less than four months before significantly protected against COVID-19 and
absenteeism duration, irrespective of COVID-19 vaccination status. Defining the optimal timing of boost-
ers is imperative.

� 2022 Elsevier Ltd. All rights reserved.
.
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1. Introduction

As we approach the fourth winter season since the emergence
of the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in late 2019, many healthcare systems globally are still fac-
ing consecutive surges of coronavirus disease 2019 (COVID-19)-
associated healthcare demand and hospitalizations [1]. From the
beginning of the COVID-19 pandemic, healthcare personnel (HCP)
were recognized as a high-risk group for SARS-CoV-2 infection
and adverse health outcomes including fatalities [2–4]. Beyond
conferring direct protection to them, HCP were prioritized for
COVID-19 vaccination to bolster the efficient provision of health-
care services and contain viral transmission, outbreaks, and staff
absenteeism [5].

During the third pandemic wave in Greece, a multicenter study
found that the effectiveness of two doses of BNT162b2 mRNA vac-
cine in HCP was 94.2 % against COVID-19, 83.6 % against SARS-CoV-
2 infection, and 66.4 % against absenteeism [6]. Vaccination also
significantly reduced the duration of absenteeism [6]. Starting
from September 1, 2021, Greece was among the first countries
globally to implement a mandatory COVID-19 vaccination policy
for all employees in healthcare facilities as a prerequisite for
employment [7]. In particular, according to law 1040/2921, HCP
who refused COVID-19 vaccination were excluded from work with
salary suspension [8]. Mandatory vaccination concerned all HCP in
public and private healthcare facilities, and exemptions were
granted based on strict medical criteria only, including a
laboratory-confirmed SARS-CoV-2 infection over the past three
months.

Despite the existing evidence on the effectiveness of COVID-19
vaccinations against COVID-19 associated morbidity and absen-
teeism [6], less is known about how time elapsed since the last
COVID-19 vaccine dose is associated with this risk of SARS-CoV-2
infection. A study conducted in a French university hospital
showed that the incidence of SARS-CoV-2 infection significantly
increased with time since last dose among HCP who had received
a primary vaccine series, with no differences according to vaccina-
tion scheme [9]. In this latter study the median time from vaccina-
tion completion to infection was 5.5 months [9]. To the best of our
knowledge, there are no published data on the association between
time elapsed since last COVID-19 vaccination, SARS-CoV-2 infec-
tions, overall morbidity, and absenteeism among HCP vaccinated
with booster doses.

The aim of this study was to assess the association between
COVID-19 vaccination status, time elapsed since the last vaccine
dose, morbidity, and absenteeism in HCP in hospitals in Greece
in the context of a mandatory vaccination policy. Our findings
may guide COVID-19 vaccination policies for HCP and also con-
tribute to the determination of the optimal seasonal timing for
booster vaccinations.
2. Methods

2.1. Study setting

This was a prospective study conducted from November 15,
2021 (week 46/2021) through April 17, 2022 (week 15/2022), sim-
ilar to our previous 2020–2021 work on COVID-19-associated
absenteeism in Greece and in the same tertiary-care hospitals (3
in Athens, 1 in Thessaloniki, and 1 in Alexandroupoli) using the
same methodology [6]. A total of 7772 HCP were employed in
these hospitals. Of those, 180 (2.3 %) HCP were suspended from
work due to COVID-19 vaccination refusal. Therefore, a total of
7592 (97.7 %) HCP (range: 1082-1827 HCP per hospital) were
prospectively followed. In brief, HCP were actively surveyed for
7661
episodes of absenteeism through communication of the Infection
Control Committee with the Heads of the Departments/Clinics
and the Heads of Nurse Stations of each hospital. Absence for
non-infectious causes, pregnancy leave, and annual leave was not
recorded.

In Greece, the SARS-CoV-2 variant B.1.617.2 (Delta) dominated
until week 50/2021 and co-circulated with B.1.1.529 (Omicron)
during weeks 51/2021 and 52/2021, while Omicron dominated
from week 01/2022 onwards [10]. Very low influenza activity
was recorded from week 3/2022 through week 19/2022, which
was attributed exclusively to influenza A/H3N2 [11].
2.2. Testing for SARS-CoV-2

HCP were tested for SARS-CoV-2 by real-time reverse transcrip-
tase polymerase chain reaction (RT-PCR) and/or rapid antigen
detection test (RADT) in the following cases: onset of symptoms,
exposure to a COVID-19 case, investigation of nosocomial clusters,
and return to work after annual leave. HCP were also tested every
7–14 days depending on the guidelines of the infection control
committee of the hospital and the employee department/unit.
2.3. Data collection

The following data were prospectively collected per episode of
absenteeism: demographic, professional, epidemiological, and
clinical characteristics of HCP, history of COVID-19 vaccination (in-
cluding number of doses and date of last dose), history of influenza
vaccination, date and duration of absenteeism, and duration of pre-
senteeism (if any). Data on absenteeism episodes were collected
using one Excel sheet per week.
2.4. Definitions

HCP were defined as persons employed in healthcare facilities,
regardless of direct contact with patients. HCP were grouped as
physicians, nursing personnel, paramedical personnel, supportive
personnel, and administrative personnel. There were no part-
time employees.

Full COVID-19 vaccination was defined as a complete primary
series with BNT162b2 (Comirnaty; 2 doses), mRNA-1273 (Spike-
vax; 2 doses), ChAdOx1-S (Vaxzevria; 2 doses), or AD26.COV2.S
(Janssen; 1 dose), followed by a booster vaccine shot at least six
months after the primary series. In our cohort, vaccinations were
done as follows: BNT162b2: 94.7 %; Jahnsen: 3.1 %; mRNA-1273:
2.0 %; and ChAdOx1-S: 0.2 %. Morbidity was grouped by clinical
presentation and/or by laboratory diagnosis. Clinical presentation
was defined as febrile episode, acute respiratory illness (ARI), or
influenza-like illness (ILI). Febrile episode was defined as fever
only. ARI was defined as the onset of at least one respiratory symp-
tom (e.g. cough, sore throat, dyspnea). ILI was defined as the sud-
den onset of symptoms and fever, malaise, myalgia or headache,
and cough, sore throat or shortness of breath. SARS-CoV-2 infection
was defined as a laboratory-confirmed SARS-CoV-2 infection by
real-time RT-PCR and/or RADT regardless of symptoms. A COVID-
19 case was defined as a patient with compatible symptoms and
a positive SARS-CoV-2 RT-PCR and/or RADT. Influenza was defined
as a case of laboratory-confirmed influenza by PCR and/or RADT.
Absenteeism was defined as absence of a HCP from work duties
due to the onset of symptoms, detection of SARS-CoV-2 infection
or influenza, or for isolation purposes following exposure to
COVID-19. The absenteeism ratio was defined as follows: total days
of absence/number of HCP [12]. Presenteeism was defined as
working while being ill [13].



Table 2
Characteristics of HCP with absenteeism, November 15, 2021 to April 17, 2022.

Characteristic N = 2182 (%)

Mean age, years (SD) 41.3 (10.6)
Male gender 763 (35.0)
Profession
Physician 561 (25.7)
Nursing personnel 874 (40.1)
Paramedical personnel 225 (10.3)
Supportive personnel 335 (15.3)
Administrative personnel 187 (8.6)

Influenza vaccination 554 (25.4)
COVID-19 vaccination
Yes 2144 (98.3)
No* 38 (1.7)

Full COVID-19 vaccination 1971 (91.9)
Total days of absenteeism 17,815
Mean duration of absenteeism, days (SD) 8.2 (3.0)
Presenteeism 405 (18.6)
Mean duration of presenteeism, days (SD) 1.1 (0.4)
Mean time from last COVID-19 vaccine dose, weeks (SD) 17.0 (10.3)

*history of SARS-COV-2 infection the past 3 months: 17, medical exemption: 3,
unspecified: 18.
HCP: healthcare personnel; SD: standard deviation; COVID-19: coronavirus disease
2019; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.
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2.5. Statistical analysis

We initially conducted a descriptive analysis of all HCP with
absenteeism. Absolute numbers and percentages were used for
categorical variables. Means and standard deviation (SD) were
used for continuous variables. We then stratified HCP by COVID-
19 vaccination status into fully and not fully vaccinated and com-
pared them using the chi-square test for categorical variables and
the two-tailed t-test or the Mann-Whitney U test for continuous
variables depending on their distribution. Given that BNT162b2
mRNA vaccines were used in approximately 95 % of vaccinations,
vaccine brands were not considered in data analysis. We similarly
compared the incidences of ARI, febrile episode, ILI, asymptomatic
SARS-CoV-2 infection, COVID-19, exposure to a COVID-19 case, and
laboratory-confirmed influenza as well as the duration of absen-
teeism for each of these causes of absenteeism among fully vacci-
nated HCP compared with not fully vaccinated HCP. Finally, we
used multivariable regressions to estimate the associations
between multiple outcomes, COVID-19 vaccination status, and
time since the last COVID-19 vaccine dose. The outcomes included
days of absenteeism, ARI, febrile episode, ILI, asymptomatic SARS-
CoV-2 infection, COVID-19, and influenza. Since the number of
days of absenteeism was expected to be skewed, we transformed
this variable using quartiles and conducted two ordered logistic
regression models to estimate the association of duration of absen-
teeism with full or partial COVID-19 vaccination status, and time
elapsed since the last COVID-19 vaccine (less than average versus
more than average) in separate models. We also conducted logistic
regressions to estimate similar associations among the six clinical
outcomes. The odds ratio (OR) and 95 % confidence interval (CI)
were estimated. P-values of � 0.05 were considered statistically
significant. All regression models controlled for age, gender, occu-
pation, influenza vaccination status, and hospital fixed-effects,
while standard errors were clustered at the hospital level. Statisti-
cal analyses were conducted using Stata version 17.0, StataCorp,
College Station, TX, USA.

2.6. Ethical issues

The study was approved by The Ethics Committees of the par-
ticipating hospitals (approval numbers: 30/8-1-2021, 2457/4-2-
2021, 1/5-2-2021, ΥR 36/21-12-2020/251, 19814/11-2021). The
study was conducted in accordance with the principles of the Dec-
laration of Helsinki.
Characteristics of 2088* vaccinated HCP with absenteeism by COVID-19 vaccination
status, November 15, 2021 to April 17, 2022.

Fully
vaccinated**

Not fully
vaccinated**

p-value

Characteristic N = 1971 (%) N = 117 (%)

Mean age, years (SD) 41.4 (10.5) 40.9 (10.2) 0.610
Male gender 677 (34.4) 41 (35.0) 0.878
Profession
Physician 531 (26.9) 18 (15.4) 0.008
3. Results

In the full cohort of 7592 HCP, 6496 (85.6 %) HCP had received a
complete COVID-19 primary vaccine series plus a booster dose the
past six months (full vaccination), 953 (12.5 %) were not fully vac-
cinated, and 143 (1.9 %) were unvaccinated. Table 1 shows the
overall morbidity recorded among the 7592 HCP during the 22-
Table 1
Morbidity in the cohort of 7592 HCP, November 15, 2021 to April 17, 2022.

Morbidity* N = 7592 (%)

Acute respiratory infection 767 (10.1)
Febrile episode 166 (2.2)
Influenza-like illness 816 (10.7)
Asymptomatic SARS-CoV-2 infection 403 (5.3)
COVID-19 1727 (22)
Influenza 12 (0.2)

HCP: healthcare personnel; SARS-CoV-2: severe acute respiratory syndrome coro-
navirus 2; COVID-19: coronavirus disease 2019.

* Morbidity was defined by clinical presentation and/or by laboratory diagnosis.
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week study period. SARS-CoV-2 infection was diagnosed in 2130
(28.0 %) HCP, including 1727 (22.7 %) HCP with COVID-19 and
403 (5.3 %) HCP with asymptomatic infection. Influenza was diag-
nosed in 12 (0.2 %) cases.

A total of 2182 episodes of absenteeism occurred among the
7592 HCP during the study period, which corresponds to 28.7 epi-
sodes per 100 HCP. The characteristics of the HCP with absen-
teeism are shown in Table 2. Their mean age was 41.3 (SD: 10.6)
years, while 763 (35 %) were males and 1419 (65 %) females. The
mean duration of absence from work was 8.2 (SD: 3.0) days per
episode of absenteeism and the total duration of absenteeism dur-
ing the study period was 17,815 days. The absenteeism ratio was
estimated at 2.3 in our cohort. The episodes of absenteeism
occurred at a mean of 17.0 (SD: 10.3) weeks after the last
COVID-19 vaccine dose. Presenteeism was recorded in 405
(18.6 %) HCP for a mean duration of 1.1 (SD: 0.4) days before leav-
ing work.

Of the 2182 episodes of absenteeism recorded during the study
period, 2144 (98.3 %) episodes occurred among COVID-19 vacci-
Nursing personnel 777 (39.4) 64 (54.7)
Paramedical personnel 203 (10.3) 14 (12.0)
Supportive personnel 291 (14.8) 14 (12.0)
Administrative personnel 169 (8.6) 7 (5.9)

Influenza vaccination 524 (26.6) 20 (17.1) 0.023
Total days of absenteeism 15,897 1136
Mean days of absenteeism (SD) 8.1 (2.8) 9.7 (4.9) <0.001
Presenteeism 377 (19.1) 18 (15.4) 0.315
Mean days of presenteeism (SD) 1.1 (0.4) 1.1 (0.2) 0.457
Mean time from last COVID-19

vaccine dose, weeks (SD)
15.7 (8.2) 40.6 (13.2) <0.001

HCP: healthcare personnel; COVID-19: coronavirus disease 2019; SD: standard
deviation.

* for whom the COVID-19 vaccination status was known.
** against COVID-19.



Table 4
Characteristics of absenteeism among 2088 vaccinated HCP by COVID-19 vaccination status, November 15, 2021 to April 17, 2022.

Cause of absence Fully vaccinated Not fully vaccinated p-value
N = 1971 (%)a N = 117 (%)a

ARI 694 (35.2) 37 (31.6) 0.429
Mean days of absence due to ARI (SD) 8.3 (2.4) 9.2 (3.6) 0.010
Febrile episode 148 (7.5) 11 (9.4) 0.453
Mean days of absence due to febrile

episode (SD)
6.7 (2.4) 8.5 (2.7) 0.013

ILI 736 (37.3) 48 (41.0) 0.424
Mean days of absence due to ILI (SD) 8.7 (3.1) 10.1 (5.7) 0.001
Asymptomatic SARS-CoV-2 infection 373 (18.9) 18 (15.4) 0.340
Mean days of absence due to asymptomatic

SARS-CoV-2 infection (SD)
7.0 (2.4) 10.3 (6.1) <0.001

COVID-19 1560 (79.2) 96 (82.1) 0.451
Mean days of absence due to COVID-19 (SD) 8.4 (2.8) 9.8 (4.6) <0.001
Exposure to a COVID-19 case 11 (0.6) 2 (1.7) 0.124
Mean days of absence due to exposure to a

COVID-19 case (SD)
13.1 (6.4) 13.0 (12.7) 0.506

Influenza 11 (0.6) 1 (0.9) 0.680
Mean days of absence due to influenza (SD) 5.0 (1.9) 5.0 (0.0)

HCP: healthcare personnel; COVID-19: coronavirus disease 2019; ARI: acute respiratory infection; SD: standard deviation; ILI: influenza-like illness; SARS-CoV-2: severe
acute respiratory syndrome coronavirus 2.

a Percentages add over 100 % since an episode of absenteeism could be recorded concomitantly by clinical manifestation (acute respiratory infection, febrile episode or ILI)
and as COVID-19.

Fig. 1. Cumulative episodes of absenteeism among 2088 vaccinated HCP* by time elapsed since last COVID-19 vaccination dose.
*with known COVID-19 vaccination status.
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nated HCP and 38 (1.7 %) among unvaccinated HCP. There were
2088 episodes of absenteeism among vaccinated HCP for whom
the COVID-19 vaccination status was known. Of them, 1971
(94.4 %) HCP were fully vaccinated and 117 (5.6 %) were not fully
vaccinated. Table 3 shows the characteristics of 2088 vaccinated
HCP with absenteeism stratified by COVID-19 vaccination status
while Table 4 summarizes the characteristics of absenteeism
stratified by COVID-19 vaccination status. In our cohort, COVID-
19 accounted for most episodes of absenteeism (79.2 % of epi-
sodes in the fully vaccinated group and 82.1 % of episodes in
the not fully vaccinated group; p-value = 0.451) followed by
asymptomatic SARS-CoV-2 infection (18.9 % and 15.4 %, respec-
tively; p-value = 0.340). Similarly, the distribution of other causes
of absence from work did not differ by COVID-19 vaccination
status.
7663
Overall, the episodes of absenteeism increased as the time-
distance in weeks from the last COVID-19 vaccine dose increased
(Fig. 1). The episodes of absenteeism occurred at a mean of 15.7
(SD: 8.2) weeks after the last COVID-19 vaccine dose in the fully
vaccinated group compared to a mean of 40.6 (SD: 13.2) weeks
after the last vaccine dose in the not fully vaccinated group (p-va
lue < 0.001). Fully vaccinated HCP were absent from work for sig-
nificantly shorter time periods than not fully vaccinated HCP
[mean duration of absence per episode: 8.1 (SD: 2.8) days versus
9.7 (SD: 4.9) days, respectively; p-value < 0.001] (Table 3). Simi-
larly, compared to not fully vaccinated HCP, fully vaccinated HCP
with absenteeism, were excluded from work for a significant
shorter mean time period for almost all causes of absence (Table 4).
There was no difference between the two groups in terms of pre-
senteeism characteristics.
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Table 5 presents the estimates of multivariable regression mod-
els. Compared to a not full COVID-19 vaccination status, full
COVID-19 vaccination was significantly associated with fewer days
of absence fromwork (OR: 0.56; 95 % CI: 0.36–0.87; p-value = 0.01)
and a reduced risk for influenza (OR: 0.54; 95 % CI: 0.43–0.69; p-
value < 0.001). In addition, compared with � 17.1 weeks elapsing
since the last COVID-19 vaccine dose, a history of > 17.1 weeks
since the last vaccine dose was associated with increased duration
of absence from work (OR: 1.22, 95 % CI: 1.02–1.46; p-
value = 0.026) and increased risk for COVID-19 (OR: 1.72; 95 %
CI: 1.24–2.39; p-value = 0.001), febrile episode (OR: 1,33; 95 %
CI: 1.09–1.63; p-value = 0.004), and ILI (OR: 1.53; 95 % CI: 1.02–
2.30; p-value = 0.038), while the opposite was observed for asymp-
tomatic SARS-CoV-2 infection (OR: 0.60; 95 % CI: 0.39–0.92, p-
value = 0.02). There was no significant association between not full
COVID-19 vaccination status and several morbidity outcomes
including SARS-CoV-2 infection.
4. Discussion

This prospective multicenter study of morbidity and absen-
teeism among 7592 HCP in the context of a mandatory COVID-19
vaccination policy showed that COVID-19 remains a major driver
of morbidity and absenteeism among HCP. In our cohort, there
were 2182 episodes of absenteeism in 2021–2022 compared to
910 episodes in the respective 2020–2021 period [6], which corre-
sponds to 28.7 and 12.2 episodes per 100 HCP, respectively. Studies
conducted before the deployment of COVID-19 vaccines found
much higher rates and duration of COVID-19-associated absen-
teeism among HCP [2,14–17] than those recorded in pre-COVID-
19 influenza seasons [12,13,18,19], and excess absenteeism-
associated costs [17,20]. Moreover, in the current study the overall
absenteeism ratio was estimated at 2.3 which far exceeds the
absenteeism ratio of 1.3 recorded in the same cohort during the
2020–2021 season [6], as well as the absenteeism ratios recorded
in pre-COVID-19 influenza seasons [12,13,18,19]. For instance, in
a United States (US) multicenter study conducted during three
influenza seasons (2012–2015) with varying matching between
circulating and vaccine strains, absenteeism ratio ranged from
0.58 to 0.62 among influenza vaccinated HCP compared with
0.66 to 1.03 among unvaccinated HCP [12].

In our cohort, COVID-19 or asymptomatic SARS-CoV-2 infec-
tions were detected in 1727 (22.7 %) and 403 (5.3 %) cases each,
compared with 239 (3.2 %) and 96 (1.3 %) cases in 2020–2021
[6]. Overall, SARS-CoV-2 infection accounted for the overwhelming
morbidity and absenteeism. The increased rate of SARS-CoV-2
infections in the current study compared with the 2020–2021
study is mainly attributed to the strict lockdown policies imposed
in Greece during 2020–2021, as indicated by a COVID-19 strin-
gency index ranging from 78.70 to 88.89 the last year [21], the ease
of RADT testing during the current study in addition to RT-PCR only
in 2020–2021, the dominance of highly transmissible Omicron
subvariants during most of the current study period, but also to
the waning vaccine-induced immunity [22–24]. Our findings indi-
cate that COVID-19 continues to have a considerable impact on
healthcare workforce morbidity and absenteeism, and therefore
on healthcare services and costs. This may prove critical for health-
care systems in the upcoming seasons given the uncertainties
about post-COVID influenza activity [25,26]. In our study a very
small number of HCP developed influenza. In Greece, as in other
Northern Hemisphere countries, seasonal influenza showed
unusually late and low activity in the first half of 2022, compared
with pre-COVID-19 seasons [25]. Notably, approximately one out
of five HCP continued working for a mean of 1.1 days despite the
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onset of symptoms, which indicates gaps in surveillance of HCP
health and infection control procedures [27].

Another finding of our study is that fully COVID-19 vaccinated
HCP were absent from work for significantly shorter periods of
time compared to not fully vaccinated HCP. In practice, full
COVID-19 vaccination prevented almost half of days of absence,
which is consistent with a milder morbidity following full
COVID-19 vaccination and which, in our opinion, justifies manda-
tory vaccination policies. The implementation of mandatory
COVID-19 vaccination policies in the participating hospitals
achieved vaccine uptake rates exceeding 95 %. Further studies are
needed to investigate the cost-effectiveness of mandatory COVID-
19 vaccination policies for HCP.

In our study, the administration of a COVID-19 vaccine dose in
less than four months before conferred protection against several
morbidity outcomes, including COVID-19, febrile episode, and ILI,
as well as for shorter duration of absenteeism, independently of
COVID-19 vaccination status. In practice, timing of last vaccine
dose was a determinant of COVID-19-associated morbidity and
absenteeism among HCP. The determination of the optimal sea-
sonal timing for COVID-19 vaccine boosters for HCP is of outmost
importance not only to maximize their protection, but also to
reduce the impact of absenteeism on healthcare systems. Waning
of antibody titers also occurs gradually over six months after influ-
enza vaccination and is considered to achieve a satisfactory protec-
tion especially for high-risk groups [28,29].

As reported by others [23,24,30,31], our findings indicate that a
booster vaccine dose confers protection against COVID-19-
associated morbidity, yet protection wanes over time. A US case-
control study found that following a primary mRNA vaccine series,
three mRNA vaccine doses added a 50–56 % relative effectiveness
during Omicron dominance and 78–96 % during Delta dominance,
depending on vaccine brand [32]. They also found that booster pro-
tection remained largely stable for at least 16 weeks after vaccina-
tion [32]. Moreover, staff-to-staff and staff-to-patient transmission
is a major driver of SARS-CoV-2 dissemination in healthcare facil-
ities [33–35]. Real-life data found significantly lower SARS-CoV-2
viral loads in upper respiratory tract during the first five symp-
tomatic days in boosted patients with Omicron breakthrough
infections compared to unvaccinated infected patients [36]. There-
fore, booster vaccines may reduce but not eliminate the risk of
virus transmission and therefore infectiousness. The fact that cur-
rent COVID-19 vaccines are less effective at controlling upper res-
piratory tract infection may account for that [24]. In addition, there
is evidence that full COVID-19 vaccination of HCP reduces by more
than half the hazard ratio for their household contacts to become
infected with SARS-CoV-2 [37]. Therefore, full COVID-19 vaccina-
tion of HCP is justified to protect them but also their contacts.

Our study has several strengths. First, we prospectively fol-
lowed a large cohort of fully vaccinated HCP throughout a 22-
week period. Second, the study period spanned two SARS-CoV-2
variants, Delta followed by Omicron dominance, and low seasonal
influenza activity in the second half of the study period [10,11].
Third, we studied several clinical and laboratory-confirmed mor-
bidity and absenteeism outcomes of importance for healthcare
workforce. Fourth, we followed morbidity and absenteeism epi-
sodes by calendar week. Despite these strengths, an intrinsic limi-
tation of our study is its observational design. We adjusted for
hospital heterogeneity and clustering to address the possibility of
variation of SARS-CoV-2 transmission dynamics across hospitals.

In conclusion, COVID-19 remains a major driver of morbidity
and absenteeism among HCP despite the availability of COVID-19
vaccines. Full COVID-19 vaccination significantly reduced the
duration of absenteeism during a period of high SARS-CoV-2 circu-
lation in the community. Moreover, the administration of a COVID-
19 vaccine dose in less than four months before conferred signifi-
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cant protection against COVID-19, several other morbidity out-
comes, and duration of absenteeism among HCP, irrespective of
full or partial COVID-19 vaccination status. Our findings may guide
vaccination policies in healthcare facilities and other essential
working settings. Lastly, our findings have implications in inform-
ing the optimal strategy for booster vaccinations. More studies are
needed to elucidate the epidemiological characteristics towards
SARS-CoV-2 endemicity including the optimal timing of booster
vaccinations. The development of more efficient COVID-19 vacci-
nes that will confer long-term protection not only against severe
outcomes but also enhanced protective immunity against SARS-
CoV-2 infection is imperative.
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