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Mandatory
Healthcare personnel (HCP) are at occupational risk for acquisition of several vaccine-preventable dis-
eases and transmission to patients. Vaccinations of HCP are justified to confer them immunity but also
to protect susceptible patients and healthcare services from outbreaks, HCP absenteeism and presen-
teeism. Mandatory vaccination policies for HCP are increasingly adopted and achieve high and sustain-
able vaccination rates in short term. In this article we review the scientific evidence for HCP
vaccination. We also address issues pertaining to vaccination policies for HCP and present the challenges
of implementation of mandatory versus voluntary vaccination policies. Finally, we discuss the issue of
mandatory vaccination of HCP against COVID-19.
� 2022 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Vaccinations had a tremendous impact on human morbidity
and mortality the past decades saving two to three million lives
every year [1]. Yet, even countries with long-lasting vaccination
programs continue to experience serious epidemics of vaccine-
preventable diseases (VPDs) [2–4]. Healthcare personnel (HCP)
constitute an occupational group disproportionately affected by
several VPDs [5]. Moreover, HCP have been often traced as sources
of transmission of VPDs to susceptible patients and onset of out-
breaks [5–8]. Vaccinations of HCP are justified to confer them
immunity against specific VPDs. Equally important is to indirectly
protect vulnerable patients, especially those who cannot get vacci-
nated because of host factors (e.g. young infants, pregnant women)
or those who do not elicit satisfactory immune responses after vac-
cination (e.g. elderly, immunocompromised patients). An
additional benefit of HCP vaccinations is the protection of health-
care facilities from outbreaks and HCP absenteeism and
presenteeism [5].

Seasonal influenza and hepatitis B vaccines are the prototype
occupational vaccines for HCP for more than three decades. Since
then, vaccination programs for HCP expanded in many countries
and currently are integral component of infection control in
healthcare facilities but also of preparedness and response plans
for public health threats of global importance [9–12]. However,
significant differences are noted between countries regarding indi-
cations and implementation frame (mandatory or voluntary vacci-
nations) [9,10,12]. Milestones in the configuration of modern
vaccination policies for HCP include the 2009 A/H1N1 influenza
pandemic and the recent measles epidemics in Europe. It is highly
likely that the coronavirus disease 2019 (COVID-19) pandemic will
also affect vaccination policies for HCP. This article presents the
scientific rationale for vaccinating HCP and address issues pertain-
ing to vaccination policies, under the prism of the ongoing COVID-
19 pandemic.
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Scientific background for HCP vaccination: What is the
evidence?

HCP are frequently exposed to VPDs

It has been long recognized that HCP are a high risk occupa-
tional group for acquisition of VPDs [5]. Every year three million
HCP are exposed to bloodborne pathogens through a percutaneous
route, of which two million are exposed to hepatitis B. However,
40–75% of these injuries are underreported [13]. A meta-analysis
of 58,245 laboratory-confirmed influenza cases showed that
approximately 19% of unvaccinated HCP are infected with influ-
enza virus every year compared with 5.4% of unvaccinated adults
employed in non-healthcare settings [14]. Surveillance data also
showed that HCP accounted for up to 7% of notified cases of
measles in Europe the past years while several fatalities occurred
among them [7,15,16]. Many VPDs that are considered as child-
hood diseases are associated with a serious course in adults. A
modeling study using data from the United States (US) explored
how modern routine vaccination programs have altered the risks
of some VPDs [17]. The authors estimated that negative outcomes
are 4.5 times increased for measles, 2.2 times increased for chick-
enpox, and 5.8 times increased for rubella in predominantly
vaccine-protected communities compared to the pre-vaccine era,
because of the significantly lower age at natural infection before
the introduction of vaccinations [17]. The risk of measles in adult-
hood was fully realized during the 2017–2018 measles epidemic in
Greece, when HCP had a 5.5-fold incidence rate of measles and
concomitantly a 2-fold rate of measles-associated complications
compared with the general population [15]. HCP are also a high-
risk group for COVID-19. According to the World Health Organiza-
tion (WHO), at least 115,000 HCP have died globally to COVID-19
as of May 2021 [18]. Overall, HCP are at occupational risk for
COVID-19, influenza, measles, mumps, rubella, varicella, pertussis,
hepatitis A, hepatitis B, tuberculosis, and meningococcal disease
[14,19–30]. Finally, influenza and other VPDs have a significant
negative impact on individuals with comorbidities. Although the
number of HCP with comorbidities remains largely unknown, it
is crucial to consider this high-risk occupational subgroup, given
that some vaccines are contraindicated in specific underlying con-
ditions while other vaccines that are not routinely administered to
HCP may be indicated [31].
HCP often continue to work despite being ill

Presenteeism, defined as working while being ill [32], is com-
mon among HCP, even among those who work in high-risk set-
tings, placing their patients and colleagues at risk. In an influenza
outbreak that occurred in an oncology unit, two out of three
infected HCP continued to work despite being symptomatic [33].
The main reasons for working while being ill were ‘‘sense of duty
as an HCP” (56%) and ‘‘viewing their illness as too minor to pose
risk to others” (44%) [33]. Similarly, a US survey found that 183
of 414 (41.4%) HCP with influenza-like illness (ILI) continued to
work for a median of three days, mainly because of ‘‘still being able
to perform job duties” and ‘‘not feeling bad enough to miss work”
[34]. Furthermore, in a survey conducted in a US academic medical
center in 2016 during the peak of influenza activity, 92% of HCP
with ILI worked while ill, including those caring for transplant
recipients [35]. These findings indicate gaps in HCP’s knowledge
about healthcare-associated influenza but also gaps in surveillance
of employees’ health and infection control procedures. Vanhems
et al. quantified the risk of hospital-acquired ILI in 21,519 hospital-
ized patients in a French hospital during three influenza seasons
[36]. Compared to patients with no exposure, those who have been
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exposed to at least one contagious HCP with ILI had a 5.48-fold
increased risk to develop ILI, while those exposed to at least one
contagious patient and one contagious HCP were 34.75-times more
likely to develop ILI [36].
HCP are frequently traced as sources of transmission of VPDs

The rationale for vaccinating HCP also relies on the fact that HCP
often are sources of transmission of VPDs in healthcare-associated
outbreaks [8]. A misdiagnosed physician with measles was traced
as the source of a nosocomial outbreak of 35 cases that occurred
in an Italian hospital few years ago [7]. Combining high-
resolution data from 18,765 contacts with polymerase chain reac-
tion (PCR) testing over 12 days, doctors and nurses were traced as
sources of influenza for hospitalized patients in a geriatric unit of a
French tertiary-care hospital [37]. Jinadatha et al. analyzed through
whole genome sequencing 14 COVID-19 clusters that occurred
during a nine-month period in a US Veterans Affairs healthcare
system, and found evidence of transmission between HCP on many
occasions while in two clusters patients’ infections were traced to
HCP [38]. Overall, clusters predominantly involved HCP (99% of
symptomatic cases and 89% of asymptomatic SARS-CoV-2 infected
cases occurred in HCP). Of note, there was no documented trans-
mission from patients to HCP [38]. In addition, in a skilled nursing
facility with 90.4% (75/83) of residents and 52.6% (61/116) HCP
fully vaccinated, a COVID-19 outbreak occurred after virus intro-
duction from an unvaccinated symptomatic employee [39]. In par-
ticular, unvaccinated residents and HCP had three to four times
higher attack rates of SARS-CoV-2 infection, onset of symptoms
or hospitalization compared to vaccinated persons, which demon-
strates a strong protective effect of vaccination [39]. Overall, there
is evidence of transmission from HCP to patients of COVID-19,
influenza, measles, mumps, rubella, varicella, pertussis, hepatitis
A, and hepatitis B [6–8,22,37–42].

What is mostly important however is the fact that hospitalized
patients are a pool of patients at increased risk for complications
because of host factors, such as age and comorbidities. In a pertus-
sis outbreak in a Neonatal Unit, an employee was coughing for at
least one month before the diagnosis was suspected [41]. Contact
tracing revealed 113 exposed infants, including 11 (9.7%) who
developed pertussis [41]. A review of pertussis outbreaks in
Neonatal Units found that unvaccinated HCP constituted sources
of infection in one half of pertussis outbreaks published over a
12-year period [6]. Neonates in Neonatal Units are a high-risk
group of patients due to their underlying conditions, including pre-
maturity [6]. In this age-group, pertussis may result in severe com-
plications such as pneumonia, apnea, seizures, and encephalopathy
[6]. The major impact of host determinants was also shown in a
prospective surveillance-based study conducted in a Canadian net-
work of 54 acute-care hospitals from 2006 through 2012 [43]. The
authors studied 3299 adults with laboratory-confirmed influenza,
including 570 (17.3%) with healthcare-associated influenza and
found that the latter were significantly older (median age: 81 ver-
sus 59 years; p-value < 0.001) and had a worse 30-day outcome in
terms of discharge (59% versus 87.9%; p-value < 0.001) and case-
fatality rate (11.6% versus 5.9%; p-value < 0.001) [43]. Moreover,
persons with comorbidities or extreme age (young infants, elderly)
may elicit insufficient immune responses after vaccination [44]. A
study conducted in a French hospital over five influenza seasons
(2004–2009) found an overall adjusted influenza vaccine effective-
ness (VE) of 89% [95% confidence interval (CI): 39% to 98%] among
HCP compared to 42% (95% CI: �39% to 76%) among hospitalized
patients [45]. Vulnerable patients often rely on herd immunity
for their protection, and vaccination declination by HCP may
explicitly pose an avoidable risk to them.
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High rates of absenteeism are recorded among non-vaccinated HCP

Influenza is a major driver of absenteeism in healthcare work-
force during winter, when demand for healthcare services peaks.
A study in an Italian hospital with 5,544 HCP and an overall influ-
enza vaccine uptake rate of < 3% over three influenza seasons,
recorded a total of 11,000 days of absence per year which con-
cerned all HCP categories [46]. A meta-analysis of pooled results
from a total of 13 studies showed a significant impact of influenza
vaccination of HCP on laboratory-confirmed influenza [pooled rel-
ative risk (RR): 0.40; 95% CI: 0.23–0.69], ILI-associated absenteeism
(pooled RR: 0.62, 95%; CI: 0.45–0.85), and duration of absenteeism
(pooled shorter sick leave: �0.46; 95% CI: �0.71 - �0.21) [47]. In
addition, influenza vaccination of HCP was cost-saving based on
avoided absenteeism in all published economic evaluations and
overweighed the costs of program implementation [47]. High
absenteeism rates were also found in an observational, prospective
cohort study conducted in 2020–2021 during the COVID-19 pan-
demic in five tertiary-care hospitals in Greece [48]. In this study
the authors compared 4,823 HCP vaccinated with the Pfizer-
BioNTech mRNA COVID-19 vaccine to 2,622 HCP who declined vac-
cination and found that COVID-19 vaccination not only signifi-
cantly reduced HCP morbidity associated with COVID-19, ILI, and
acute respiratory infection, but also significantly reduced the num-
ber of episodes and duration of absenteeism [48]. The VE among
fully vaccinated HCP was 94.16% against COVID-19 and 66.42%
against absenteeism [48]. However, COVID-19 among HCP is not
only associated with increased morbidity and absenteeism rates,
but also with excess healthcare costs. We estimated that absen-
teeism accounted for 80% of all expenditures to manage HCP either
exposed to or infected with SARS-CoV-2 during the first COVID-19
pandemic wave in Greece [49].

Voluntary vaccination policies for HCP have largely failed

Despite long-term recommendations for influenza vaccination
of HCP, uptake rates remain largely suboptimal in most countries.
A survey on seasonal influenza vaccination programs across the
WHO European Region in 2014–2015, reported a median of
29.5% influenza vaccination rates among HCP in 26 countries, with
few of them reporting rates > 75% [50]. Overall, most countries
reported coverage rates < 40%, including some countries where
there was an indication of decline [50]. Yet, there are few isolated
cases of large healthcare facilities that succeeded to raise influenza
vaccine coverage rates > 90% over one to seven influenza seasons
through multimodal vaccination campaigns without vaccine man-
dates [51–53]. These campaigns included wide communication
during the vaccination period; free and easy access to influenza
vaccination; interviews, declination forms and mask-wearing for
non-compliant HCP; weekly vaccination reports to managers and
target vaccination rates among others [51–53]. Common denomi-
nator of these successful campaigns was the fact that when they
implementetd the mutlimodal vaccination campaigns the influ-
enza vaccination rates were non-negligible, ranging from 56% to
72%; this means that at least half of employees had already a pos-
itive attitude toward influenza vaccination [51–53]. Beyond the
question about the sustainability of high vaccination rates without
vaccine mandates, the issue of utilization of human resources and
efforts, including costs, should also be addressed. Human resources
and efforts are even more significant nowadays, in the context of
the on-going COVID-19 pandemic.

In a similar line, although voluntary vaccination programs
against measles for HCP exist in many European countries, there
are significant immunity gaps among them [12]. Published data
indicate that only 9% to 63% of HCP in European hospitals had
received two shots of measles vaccine, and considering their his-
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tory of natural infection, it was estimated that 13% to 36% of them
are susceptible to measles [54]. These findings explain the large
number of HCP affected during the devastating measles epidemics
in Europe the past years [15,55,56]. Overall, European countries as
well as many countries globally rely mostly on recommendations
to immunize HCP or may not have vaccination policies specifically
for HCP at all [12]. Although data about vaccination rates among
HCP are largely fragmentary or unknown in many countries, sev-
eral studies indicate significant immunity gaps against other VPDs
as well [57]. Susceptibility rates range from 15.7% to 25% for
mumps, 4.5% to 18.6% for rubella, 4.1% to 16.7% for varicella,
48.3% to 68.8% for pertussis, 22.6% to 35% for hepatitis B, and
21.2% to 64.3% for tetanus and diphtheria [5]. Suboptimal vaccina-
tion rates among HCP are also reported in many studies globally,
ranging from 18.8% to 70.5% against measles and mumps, 22.2%
to 70.5% against rubella, 1.9% to 70.4% against varicella, 0% to
49% against pertussis, 3.6% to 5.8% against hepatitis A, 40% to
95% against hepatitis B, and 35.7% to 47.3% against tetanus-
diphtheria [5,57].

Table 1 summarizes the advantages and challenges of voluntary
vaccination policies for HCP, focusing on influenza vaccination.
Main advantages include high acceptability rates by HCP and prior-
itization of the principle of HCP’s autonomy over the principle of
patients’ safety. Challenges include efforts to raise and sustain
influenza vaccination rates every year. This has to do with the
innate limitations of influenza vaccines, namely the suboptimal
effectiveness which varies by age, host factors, and season, and
the need for a shot every year. On the other hand, almost all other
vaccines require two or three doses in a time frame of few months
and confer excellent long-term protection. In practice, considerable
efforts are needed every year to approach, educate, and convince
every employee to get influenza vaccination, and to implement
continuous education and communication strategies. Even with a
combination of strategies, influenza vaccination rates rarely exceed
60% [5]. This translates to high costs but also increased use of avail-
able human resources. Finally, Carter and Yentis explored the
experiences of seven HCP groups over a one-year period employed
in a United Kingdom hospital with voluntary vaccination programs
[58]. Beyond gaps in the availability and quality of information
about vaccination, all HCP groups experienced external pressure
to get vaccinated, mostly from their hospital Trust, managers,
and colleagues [58]. The authors argue that ‘‘a mandatory vaccina-
tion program would be better than a voluntary vaccination pro-
gram with wide-spread coercion” [58].
Are mandatory vaccination policies the solution?

Mandatory vaccination policies are not a new concept. The
exceptional impact of pediatric vaccinations on humanity the past
century was largely accomplished with mandatory policies. Avail-
able evidence indicates that no single intervention other than
mandatory vaccination policies can achieve high (>90%) and sus-
tainable influenza vaccination rates among HCP [10]. That said,
although mandatory influenza vaccinations for HCP were used
for the first time in mid-20000s, it was the 2009 influenza H1N1
pandemic that triggered their implementation in many healthcare
facilities across the US with excellent results. For example, during
the 2017–2018 influenza season, influenza vaccine uptake was
94.8% among HCP working in healthcare facilities with mandatory
vaccination policies compared to 47.6% where vaccination was not
required, promoted or offered on-site [59]. Concomitantly, influ-
enza vaccination rates were considered as an index of highest stan-
dards of safety in healthcare facilities. However, mandatory
influenza vaccinations of HCP were not an isolated policy but
rather a holistic approach addressing both administrative and atti-



Table 1
Influenza vaccination policies for HCP: advantages, disadvantages and challenges.

Vaccination
policy

Advantages Disadvantages – Challenges

Voluntary � more acceptable by HCP
� no issues of autonomy of HCP

� significant efforts to raise vaccine uptake rates
� continued education and communication strategies are
required

� significant cost in terms of human resources
� even with combination of strategies and actions, rarely > 60%
coverage

Mandatory � easier implementation, less cost
� prioritize the principal of patient safety
� promote safety culture
� achievement of high and sustainable vaccine uptake rates within a few influ-
enza seasons

� appropriate regulatory frame required
� political commitment required
� commitment at the level of healthcare facility manager
� support by scientific societies required
� lower acceptance rates by HCP

Mixed policy* � easier implementation (specific settings)
� (probably) more acceptable by HCP
� prioritizes patient safety and professional ethics in high-risk departments
� high coverage (97%) in departments providing healthcare services to high-
risk patients

� appropriate regulatory frame required
� political commitment required
� commitment at the level of healthcare facility manager
� support by specific scientific societies required
� acceptance rates by HCP working in specific settings
� risk assessment needed (vaccinate all HCP entering an ICU?)
� disadvantages of voluntary policies still apply for the
remaining HCP

� possibly vaccine uptake will become more weak in other
departments

HCP: healthcare personnel; ICU: intensive care unit; NICU: neonatal intensive care unit.
* Mandatory vaccination of HCP caring for high-risk patients (e.g. HCP in ICUs, NICUs, hematology-oncology departments), voluntary vaccination for the remaining HCP.
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tudinal barriers, by providing easy access to vaccination, free-of-
charge vaccination, education to address concerns and mistrust
of employees about vaccines and vaccinations, and leadership sup-
port [60]. From 2018 Australia and England implement mandatory
influenza vaccination policies as a condition to working for HCP in
high-risk departments [e.g. intensive care units (ICUs), neonatal
ICUs, transplant and oncology units] [61,62], while the following
vaccinations are strongly recommended for all non-immune HCP:
hepatitis B, influenza, measles-mumps-rubella (MMR), varicella,
pertussis (specifically for staff working with children), poliomyeli-
tis, and tetanus/diphtheria.

Although evidence comes mainly from influenza vaccinations,
recently Talbot et al published the experience of Vanderbilt
University Medical Center, which expanded its vaccination pro-
gram over three influenza seasons, and beyond influenza, manda-
tory vaccinations included MMR, varicella, and hepatitis B
vaccines [63]. The authors showed significant increase of HCP vac-
cination rates for all three vaccines reaching 99% vaccination rates
[63]. Successful state-wide implementation of mandatory vaccina-
tions for HCP against MMR, varicella, pertussis, hepatitis B, diph-
theria, tetanus, but no influenza, was also shown in New South
Wales, Australia in 2007 through the Health Policy Directive and
was associated with effective communication, vaccination free-
of-charge, access to occupational health services, and appropriate
data collection and reporting systems [64].

The performance of mandatory vaccination policies for HCP has
been evaluated in several studies. In a study conducted at M.D.
Anderson Cancer Center, Houston, the authors showed that the
increase of influenza vaccination rate among HCP from 56% to
94% over an eight-year period, and especially in HCP working in
high-risk areas, was associated with a significant reduction of the
proportion of nosocomial influenza infections in immunocompro-
mised cancer patients [65]. Beyond the expected reduction of
avoidable VPD-associated morbidity and fatalities among HCP
and vulnerable patients, mandatory vaccinations will save health-
care costs. Frederick et al showed that the implementation of
mandatory influenza vaccination policies in outpatient settings
during three influenza seasons had a considerable impact on HCP
symptomatic absenteeism during the peak influenza season [66].
4

In particular, mandatory influenza vaccination policies reduced
by approximately one third the rate of absenteeism among 2,304
HCP working in three healthcare facilities where vaccine mandates
were in place compared with 1,759 HCP working in four healthcare
facilities where influenza vaccination was not required [66]. They
also found that HCP symptomatic absenteeism diminishes as influ-
enza vaccine uptake rates increase [66]. Similarly, a Canadian ret-
rospective study of a cohort of 10,079 full-time HCP of whom 77%
were vaccinated, showed that unvaccinated HCP had twice the
increase of all-cause illness absenteeism in winter compared with
vaccinated staff [67].

The past years, some European countries have adopted manda-
tory vaccination policies against specific VPDs for HCP as a mea-
sure to increase vaccination rates and this is regulated either at
the national level or at the level of healthcare facilities [12].
Mandatory vaccination policies in Europe concern mainly vaccina-
tions against hepatitis B, MMR, tetanus, diphtheria, poliomyelitis,
and pertussis [12]. In practice there are differences between coun-
tries in terms of level of enforcement of mandatory vaccinations,
and in particular in terms of penalties and exemptions. By defini-
tion, mandatory vaccination policies require some kind of penalty
for declining vaccination [68]. In Europe, refusal of mandatory vac-
cinations by HCP is usually associated with move to a position with
no direct patient contact or to a position caring for less vulnerable
patients; termination of employment or payment of a fine may also
apply to non-compliant HCP [12].

In summary, influenza vaccine mandates for HCP are subject to
the following advantages: easier and less costly implementation
than voluntary programs; achievement of high and sustainable
vaccination rates within few years; and promotion of a culture of
safety over HCP’s autonomy (Table 1). Challenges include the need
for an appropriate regulatory frame, political commitment, and
support from scientific societies. Acceptance of vaccine mandates
is also an issue, and varies significantly by HCP profession and vac-
cine [69].

Finally, mixed vaccination policies refer to mandatory vaccina-
tions implemented for specific HCP groups or high-risk depart-
ments to ensure that highly vulnerable patients are protected,
while voluntary vaccinations are in place for the remaining HCP
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(Table 1). Although a mixed vaccination policy ensures that highly
vulnerable patients are protected, the possibility that vaccine
uptake rates will become weaker in other departments should be
considered.
Vaccination of HCP against COVID-19 as a case study

As of February 9, 2022, almost 400 million confirmed cases of
COVID-19, including more than 5,75 million deaths, were reported
from the WHO [29]. The COVID-19 pandemic is an exceptional
physical and mental challenge for HCP worldwide [70,71]. HCP
work at the frontline and provide healthcare to COVID-19 patients
and are therefore at higher risk of occupational exposure to the
virus than the general population [72–76]. Infected HCP may trans-
mit the infection to susceptible patients, colleagues, and relatives
[77,78]. Indeed, high incidence of infection, transmission to
patients, and absenteeism have been recorded among HCP during
the COVID-19 pandemic [18,38,39,79]. The perceived increased
risk of exposure to SARS-CoV-2 and transmission of infection to
others, the extended working hours and supposed stigma from rel-
atives can be revealed with several psychological manifestations
comprising poor sleep quality, stress, post-traumatic stress symp-
toms, anxiety, and depression [80–82]. The availability of safe and
effective COVID-19 vaccines is expected to change the landscape
within healthcare facilities. Beyond the physical protection of
HCP, vaccination should be regarded as a necessary tool for the
overall safety of HCP, patients, and healthcare services.

Although HCP were immediately identified as a high priority
group for COVID-19 vaccination, part of them are also hesitant to
get vaccinated [83–88]. Overall, there was significant variability
in acceptance rates and willingness of HCP to get the COVID-19
vaccine mainly due to concerns regarding its safety and efficacy
[89]. Consequently, divergences in the choice of HCP to receive
the vaccine influenced immunization rates. As of August 21,
2021, the median full vaccination rates among HCP in 17 European
Union/European Economic Area countries was 79%, however with
exceptional differences between countries (range: 23.3% to 100%)
[3]. Similarly, 30% of HCP in US hospitals were still unvaccinated
as of September 15, 2021 [90]. Though vaccination data is offered
for the general public, public health officials may report COVID-
19 vaccination rates among HCP in order to trace and guarantee
proper safety in individuals at the front lines of the pandemic.

The issue of mandatory COVID-19 vaccination for HCP to miti-
gate the impacts of the COVID-19 pandemic on HCP and healthcare
facilities emerged in public health discussions the past months.
Currently, several countries are implementing or plan to imple-
ment ad hoc laws for mandatory COVID-19 vaccination or severe
work restrictions for unvaccinated HCP, including Italy, France,
Greece, Australia, and Canada [91–96]. National data from Italy
indicate excellent results within less than three months after the
implementation of mandatory vaccinations for HCP: 94.42% of a
total of 1,958,461 HCP have been fully vaccinated while only
35,691 HCP (1.82% of the total) were still unvaccinated as of August
2021 [97]. On August, 23 2021, the U.S. Food and Drug Administra-
tion, approved the first mRNA COVID-19 vaccine for the prevention
of COVID-19 in individuals 16 years of age and older [98]. Currently
several COVID-19 vaccines have been approved globally. This will
facilitate the possible inclusion of mandatory vaccination policies
among HCP in the US and elsewhere. The beneficial impact of
mandatory vaccination policies against COVID-19 for HCP will be
revealed in real-life the coming months.

Yet, mandatory COVID-19 vaccination for HCP raises ethical
issues [99–101]. Given that the benefits of vaccination in general
concern both the vaccinated person (host immunity) and indirectly
other persons, in our case vaccination ethics should be examined
5

under the prisma of HCP, patients, and colleagues in healthcare
facilities. Beneficence arguments include the fact that the intensi-
fication of COVID-19 vaccination will protect vaccinated HCP but
also it is expected that it will indirectly protect susceptible
patients, colleagues, and healthcare facilities [94,100], and is ethi-
cally imperative in the COVID-19 era [101].
Conclusions

HCP have long been recognized as an occupational group at risk
for acquisition of VPDs and transmission to vulnerable patients.
Although several countries have comprehensive vaccination pro-
grams for HCP, there are significant gaps in vaccination programs
regarding the number of vaccines, indications, and implementation
frame. Switch to a mandatory public health policy requires the ful-
fillment of the following four prerequisites: first, it should be a
public health necessity; second, the policy has to be proven that
it is effective; third, the policy should pose no risk for the person;
and fourth, the policy should be the only solution. In our opinion,
all abovementioned criteria are fulfilled for vaccination of HCP
against several VPDs.

Voluntary vaccinations have largely failed to achieve and sus-
tain high vaccination rates in HCP and in many cases HCP remain
susceptible to several VPDs. Mandatory vaccination policies for
HCP have been successfully implemented the past decade in the
US and should be considered for VPDs that may cause significant
morbidity and mortality among HCP and patients. We argue that
the rights of patients for safe healthcare services should prevail
over the rights of HCP to accept or decline vaccinations. Healthcare
facilities have the moral duty to protect patients and employees,
and ensure the implementation of the principle of ‘‘zero tolerance”
against VPDs.
Funding

This work received no external funding.
CRediT authorship contribution statement

Helena C. Maltezou: Conceptualization, Writing – original
draft. George Dounias: writing - review & editing. Venerando
Rapisarda: Writing – review & editing. Caterina Ledda: Writing
– original draft.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

References

[1] Centers for Disease Control and Prevention. Global immunization, https://
www.cdc.gov/globalhealth/immunization/ [accessed 10 February 2022].

[2] Centers for Disease Control and Prevention. Measles (Rubeola), https://www.
cdc.gov/measles/cases-outbreaks.html [accessed 10 February 2022].

[3] European Centre for Disease Prevention and Control. COVID-19 vaccine
tracker, https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-
19/vaccine-tracker.html#target-group-tab [accessed 10 February 2022].

[4] Zimmermann R, Faber M, Dudareva S, Ingiliz P, Jessen H, Koch J, et al.
Hepatitis A outbreak among MSM in Berlin due to low vaccination coverage:
epidemiology, management, and successful interventions. Int J Infect Dis
2021;103:146–53. https://doi.org/10.1016/j.ijid.2020.11.133.

[5] Maltezou H, Poland GA. Immunization of health-care providers: necessity and
public health policies. Healthcare 2016;4:47. https://doi.org/10.3390/
healthcare4030047.

[6] Maltezou HC, Ftika L, Theodoridou M. Nosocomial pertussis in neonatal units.
J Hosp Infect 2013;85(4):243–8. https://doi.org/10.1016/j.jhin.2013.09.009.

https://www.cdc.gov/globalhealth/immunization/
https://www.cdc.gov/globalhealth/immunization/
https://www.cdc.gov/measles/cases-outbreaks.html
https://www.cdc.gov/measles/cases-outbreaks.html
https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html%23target-group-tab
https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html%23target-group-tab
https://doi.org/10.1016/j.ijid.2020.11.133
https://doi.org/10.3390/healthcare4030047
https://doi.org/10.3390/healthcare4030047
https://doi.org/10.1016/j.jhin.2013.09.009


H.C. Maltezou, G. Dounias, V. Rapisarda et al. Vaccine: X 11 (2022) 100172
[7] Porretta A, Quattrone F, Aquino F, Pieve G, Bruni B, Gemignani G, et al. A
nosocomial measles outbreak in Italy, February-April 2017. Euro Surveill
2017;22(33). https://doi.org/10.2807/1560-7917.ES.2017.22.33.30597.

[8] Sydnor E, Perl TM. Healthcare providers as sources of vaccine-preventable
diseases. Vaccine 2014;32(38):4814–22. https://doi.org/10.1016/
j.vaccine.2014.03.097.

[9] Centers for Disease Control and Prevention. Recommended vaccines for
healthcare workers, https://www.cdc.gov/vaccines/adults/rec-vac/hcw.html
[accessed 10 February 2022].

[10] Cherian T, Morales KF, Mantel C, Lambach P, Al Awaidy S, Bresee JS, et al.
Factors and considerations for establishing and improving seasonal influenza
vaccination of health workers: report from a WHO meeting, January 16–17,
Berlin. Germany Vaccine 2019;37(43):6255–61. https://doi.org/10.1016/
j.vaccine.2019.07.079.

[11] Gellin BG, Qadri F. Preparing for the unpredictable: the continuing need for
pandemic influenza preparedness. Vaccine 2016;34(45):5391–2. https://doi.
org/10.1016/j.vaccine.2016.09.023.

[12] Maltezou HC, Botelho-Nevers E, Brantsæter AB, Carlsson R-M, Heininger U,
Hübschen JM, et al. Vaccination of healthcare personnel in Europe: update to
current policies. Vaccine 2019;37(52):7576–84. https://doi.org/10.1016/
j.vaccine.2019.09.061.

[13] Popp W, Friedman C. Occupational health risk for healthcare workers. In:
International Federation of Infection Control Basic Concepts of Infection
Control, 3rd ed. https://www.theific.org/education/basic-concepts-book/,
2016.

[14] Kuster SP, Shah PS, Coleman BL, Lam P-P, Tong A, Wormsbecker A, et al.
Incidence of influenza in healthy adults and healthcare workers: a systematic
review and meta-analysis. PLoS ONE 2011;6(10):e26239. https://doi.org/
10.1371/journal.pone.0026239.

[15] Maltezou HC, Dedoukou X, Vernardaki A, Katerelos P, Kostea E, Tsiodras S,
et al. Measles in healthcare workers during the ongoing epidemic in Greece,
2017–2018. J Hosp Infect 2018;100(4):e261–3. https://doi.org/10.1016/j.
jhin.2018.06.007.

[16] Orsi A, Butera F, Piazza MF, Schenone S, Canepa P, Caligiuri P, et al. Analysis of
a 3-months measles outbreak in western Liguria, Italy: are hospital safe and
healthcare workers reliable? J Infect Public Health 2020;13(4):619–24.
https://doi.org/10.1016/j.jiph.2019.08.016.

[17] Fefferman NH, Naumova EN. Dangers of vaccine refusal near the herd
immunity threshold: a modelling study. Lancet Infect Dis 2015;15(8):922–6.
https://doi.org/10.1016/S1473-3099(15)00053-5.

[18] World Health Organization. Director-General’s opening remarks at the World
Health Assembly - 24 May 2021, https://www.who.int/director-general/
speeches/detail/director-general-s-opening-remarks-at-the-world-health-
assembly—24-may-2021 [accessed 10 February 2022].

[19] Aly NYA, Al Obaid I, Al-Qulooshi N, Zahed Z. Occupationally related outbreak
of chickenpox in an intensive care unit. Med Princ Pract 2007;16:399–401.
https://doi.org/10.1159/000104816.

[20] Bonebrake AL, Silkaitis C, Monga G, Galat A, Anderson J, Trad JT, et al. Effects
of mumps outbreak in hospital, Chicago, Illinois, USA, 2006. Emerg Infect Dis
2010;16(3):426–32. https://doi.org/10.3201/eid1603.090198.

[21] Chong CY, Tan NWH, Yunos H, Lim SH, Acharyya S, Thoon KC. Temporal trend
in the incidence of pertussis and exposures among healthcare workers:
descriptive report from a tertiary care hospital for children in Singapore. J
Hosp Infect 2015;91(4):376–8. https://doi.org/10.1016/j.jhin.2015.09.009.

[22] Lewis JD. Hepatitis B in healthcare workers: transmission events and
guidance for management. World J Hepatol 2015;7(3):488. https://doi.org/
10.4254/wjh.v7.i3.488.

[23] Petrosillo N, Raffaele B, Martini L, Nicastri E, Nurra G, Anzidei G, et al. A
nosocomial and occupational cluster of hepatitis A virus infection in a
pediatric ward. Infect Control Hosp Epidemiol 2002;23(6):343–5. https://doi.
org/10.1086/502064.

[24] Proops DC, Knorr JA, Meissner JS, Kreiswirth BN, Ahuja SD. Epidemiology of
tuberculosis among healthcare personnel in New York City. Int J Tuberc Lung
Dis 2020;24(6):619–25. https://doi.org/10.5588/ijtld.19.0584.

[25] Rice BD, Tomkins SE, Ncube FM. Sharp truth: health care workers remain at
risk of bloodborne infection. Occup Med 2015;65(3):210–4. https://doi.org/
10.1093/occmed/kqu206.

[26] Sejvar JJ, Johnson D, Popovic T, Miller JM, Downes F, Somsel P, et al. Assessing
the risk of laboratory-acquired meningococcal disease. J Clin Microbiol
2005;43(9):4811–4. https://doi.org/10.1128/JCM.43.9.4811-4814.2005.

[27] Singh MP, Diddi K, Dogra S, Suri V, Varma S, Ratho RK. Institutional outbreak
of rubella in a healthcare center in Chandigarh. North India J Med Virol
2010;82(2):341–4. https://doi.org/10.1002/jmv.21672.

[28] Tudor C, Van der Walt M, Margot B, Dorman SE, Pan WK, Yenokyan G, et al.
Tuberculosis among health care workers in KwaZulu-Natal, South Africa: a
retrospective cohort analysis. BMC Public Health 2014;14(1). https://doi.org/
10.1186/1471-2458-14-891.

[29] World Health Organization. WHO Coronavirus (COVID-19) dashboard,
https://covid19.who.int/ [accessed 10 February 2022].

[30] Yang J, Liu J, Xing F, Ye H, Dai G, Liu M, et al. Nosocomial transmission of
chickenpox and varicella zoster virus seroprevalence rate amongst healthcare
workers in a teaching hospital in China. BMC Infect Dis 2019;19(1). https://
doi.org/10.1186/s12879-019-4222-x.

[31] Wicker S, Seale H, von Gierke L, Maltezou HC. Vaccination of healthcare
personnel: spotlight on groups with underlying conditions. Vaccine 2014;32
(32):4025–31. https://doi.org/10.1016/j.vaccine.2014.05.070.
6

[32] Challener DW, Breeher LE, Frain JoEllen, Swift MD, Tosh PK, O’Horo J.
Healthcare personnel absenteeism, presenteeism, and staffing challenges
during epidemics. Infect Control Hosp Epidemiol 2021;42(4):388–91.

[33] Wilson KE, Wood SM, Schaecher KE, Cromwell KB, Godich J, Knapp MH, et al.
Nosocomial outbreak of influenza A H3N2 in an inpatient oncology unit
related to health care workers presenting to work while ill. Am J Infect
Control 2019;47(6):683–7. https://doi.org/10.1016/j.ajic.2018.10.024.

[34] Chiu S, Black CL, Yue X, Greby SM, Laney AS, Campbell AP, et al. Working with
influenza-like illness: presenteeism among US health care personnel during
the 2014–2015 influenza season. Am J Infect Control 2017;45(11):1254–8.
https://doi.org/10.1016/j.ajic.2017.04.008.

[35] Mossad SB, Deshpande A, Schramm S, Liu X, Rothberg MB. Working despite
having influenza-like illness: results of an anonymous survey of healthcare
providers who care for transplant recipients. Infect Control Hosp Epidemiol
2017;38(8):966–9.

[36] Vanhems P, Voirin N, Roche S, Escuret V, Regis C, Gorain C, et al. Risk of
influenza-like illness in an acute health care setting during community
influenza epidemics in 2004–2005, 2005–2006, and 2006–2007: a
prospective study. Arch Intern Med 2011;171(2). https://doi.org/10.1001/
archinternmed.2010.500.

[37] Voirin N, Payet C, Barrat A, Cattuto C, Khanafer N, Régis C, et al. Combining
high-resolution contact data with virological data to investigate influenza
transmission in a tertiary care hospital. Infect Control Hosp Epidemiol
2015;36(3):254–60.

[38] Jinadatha C, Jones LD, Choi H, Chatterjee P, Hwang M, Redmond SN, et al.
Transmission of SARS-CoV-2 in inpatient and outpatient settings in a
Veterans Affairs Health Care System. Open Forum Infect Dis 2021; 8:
ofab328. https://doi.org/10.1093/ofid/ofab328.

[39] Cavanaugh AM, Fortier S, Lewis P, Arora V, Johnson M, George K, et al. COVID-
19 Outbreak Associated with a SARS-CoV-2 R.1 Lineage Variant in a Skilled
Nursing Facility After Vaccination Program — Kentucky, March 2021. MMWR
Morb Mortal Wkly Rep 2021;70(17):639–43.

[40] Aasheim ET, Seymour M, Balogun K, Ngui S-L, Williams CJ, Shankar AG. Acute
hepatitis A in an elderly patient after care worker travel to high endemicity
country. Hum Vaccin Immunother 2013;9(11):2480–2. https://doi.org/
10.4161/hv.25719.

[41] CDC. Hospital-acquired pertussis among newborns-Texas, 2004. MMWR
Morb Mortal Wkly Rep 2008; 57: 600–3.

[42] Heseltine PNR, Ripper M, Wohlford P. Readers:’ Forum: Nosocomial rubella-
consequences of an outbreak and efficacy of a mandatory immunization
program. Infect Control 1985;6(9):371–4. https://doi.org/10.1017/
S0195941700063347.

[43] Taylor G, Mitchell R, McGeer A, Frenette C, Suh KN, Wong A, et al. Healthcare-
associated influenza in Canadian hospitals from 2006 to 2012. Infect Control
Hosp Epidemiol 2014;35(2):169–75. https://doi.org/10.1086/674858.

[44] Poland GA. Influenza vaccine failure: failure to protect or failure to
understand? Exp Review Vaccines 2018;17(6):495–502. https://doi.org/
10.1080/14760584.2018.1484284.

[45] Vanhems P, Baghdadi Y, Roche S, Bénet T, Regis C, Lina B, et al. Influenza
vaccine effectiveness among healthcare workers in comparison to
hospitalized patients: a 2004–2009 case-test, negative-control, prospective
study. Hum Vaccin Immunother 2016;12(2):485–90. https://doi.org/10.1080/
21645515.2015.1079677.

[46] Gianino MM, Politano G, Scarmozzino A, Charrier L, Testa M, Giacomelli S,
et al. Estimation of sickness absenteeism among Italian healthcare workers
during seasonal influenza epidemics. PLoS ONE 2017;12(8):e0182510.
https://doi.org/10.1371/journal.pone.0182510.

[47] Imai C, Toizumi M, Hall L, Lambert S, Halton K, Merollini K, et al. A systematic
review and meta-analysis of the direct epidemiological and economic effects
of seasonal influenza vaccination on healthcare workers. PLoS ONE 2018;13
(6):e0198685. https://doi.org/10.1371/journal.pone.0198685.

[48] Maltezou HC, Panagopoulos P, Sourri F, Giannouchos TV, Raftopoulos V,
Gamaletsou MN, et al. COVID-19 vaccination significantly reduces morbidity
and absenteeism among healthcare personnel: a prospective multicenter
study. Vaccine 2021;39(48):7021–7.

[49] Maltezou HC, Giannouchos TV, Pavli A, Tsonou P, Dedoukou X, Tseroni M,
et al. Costs associated with COVID-19 in healthcare personnel in Greece: a
cost-of-illness analysis. J Hosp Infect 2021;114:126–33. https://doi.org/
10.1016/j.jhin.2021.04.018.

[50] Jorgensen P, Mereckiene J, Cotter S, Johansen K, Tsolova S, Brown C. How close
are countries of the WHO European Region to achieving the goal of
vaccinating 75% of key risk groups against influenza? Results from national
surveys on seasonal influenza vaccination programmes, 2008/2009 to 2014/
2015. Vaccine 2018;36(4):442–52. https://doi.org/10.1016/
j.vaccine.2017.12.019.

[51] Drees M, Wroten K, Smedley M, Mase T, Schwartz JS. Carrots and sticks:
achieving high healthcare personnel influenza vaccination rates without a
mandate. Infect Control Hosp Epidemiol 2015;36(6):717–24.

[52] Heinrich-Morrison K, McLellan S, McGinnes U, Carroll B, Watson K, Bass P,
et al. An effective strategy for influenza vaccination of healthcare workers in
Australia: experience at a large health service without a mandatory policy.
BMC Infect Dis 2015;15(1). https://doi.org/10.1186/s12879-015-0765-7.

[53] Honda H, Sato Y, Yamazaki A, Padival S, Kumagai A, Babcock H. A successful
strategy for increasing the influenza vaccination rate of healthcare workers
without a mandatory policy outside of the United States: a multifaceted

https://doi.org/10.2807/1560-7917.ES.2017.22.33.30597
https://doi.org/10.1016/j.vaccine.2014.03.097
https://doi.org/10.1016/j.vaccine.2014.03.097
https://www.cdc.gov/vaccines/adults/rec-vac/hcw.html
https://doi.org/10.1016/j.vaccine.2019.07.079
https://doi.org/10.1016/j.vaccine.2019.07.079
https://doi.org/10.1016/j.vaccine.2016.09.023
https://doi.org/10.1016/j.vaccine.2016.09.023
https://doi.org/10.1016/j.vaccine.2019.09.061
https://doi.org/10.1016/j.vaccine.2019.09.061
https://www.theific.org/education/basic-concepts-book/
https://doi.org/10.1371/journal.pone.0026239
https://doi.org/10.1371/journal.pone.0026239
https://doi.org/10.1016/j.jhin.2018.06.007
https://doi.org/10.1016/j.jhin.2018.06.007
https://doi.org/10.1016/j.jiph.2019.08.016
https://doi.org/10.1016/S1473-3099(15)00053-5
https://www.who.int/director-general/speeches/detail/director-general-s-opening-remarks-at-the-world-health-assembly---24-may-2021
https://www.who.int/director-general/speeches/detail/director-general-s-opening-remarks-at-the-world-health-assembly---24-may-2021
https://www.who.int/director-general/speeches/detail/director-general-s-opening-remarks-at-the-world-health-assembly---24-may-2021
https://doi.org/10.1159/000104816
https://doi.org/10.3201/eid1603.090198
https://doi.org/10.1016/j.jhin.2015.09.009
https://doi.org/10.4254/wjh.v7.i3.488
https://doi.org/10.4254/wjh.v7.i3.488
https://doi.org/10.1086/502064
https://doi.org/10.1086/502064
https://doi.org/10.5588/ijtld.19.0584
https://doi.org/10.1093/occmed/kqu206
https://doi.org/10.1093/occmed/kqu206
https://doi.org/10.1128/JCM.43.9.4811-4814.2005
https://doi.org/10.1002/jmv.21672
https://doi.org/10.1186/1471-2458-14-891
https://doi.org/10.1186/1471-2458-14-891
https://covid19.who.int/
https://doi.org/10.1186/s12879-019-4222-x
https://doi.org/10.1186/s12879-019-4222-x
https://doi.org/10.1016/j.vaccine.2014.05.070
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0160
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0160
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0160
https://doi.org/10.1016/j.ajic.2018.10.024
https://doi.org/10.1016/j.ajic.2017.04.008
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0175
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0175
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0175
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0175
https://doi.org/10.1001/archinternmed.2010.500
https://doi.org/10.1001/archinternmed.2010.500
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0185
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0185
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0185
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0185
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0195
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0195
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0195
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0195
https://doi.org/10.4161/hv.25719
https://doi.org/10.4161/hv.25719
https://doi.org/10.1017/S0195941700063347
https://doi.org/10.1017/S0195941700063347
https://doi.org/10.1086/674858
https://doi.org/10.1080/14760584.2018.1484284
https://doi.org/10.1080/14760584.2018.1484284
https://doi.org/10.1080/21645515.2015.1079677
https://doi.org/10.1080/21645515.2015.1079677
https://doi.org/10.1371/journal.pone.0182510
https://doi.org/10.1371/journal.pone.0198685
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0240
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0240
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0240
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0240
https://doi.org/10.1016/j.jhin.2021.04.018
https://doi.org/10.1016/j.jhin.2021.04.018
https://doi.org/10.1016/j.vaccine.2017.12.019
https://doi.org/10.1016/j.vaccine.2017.12.019
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0255
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0255
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0255
https://doi.org/10.1186/s12879-015-0765-7


H.C. Maltezou, G. Dounias, V. Rapisarda et al. Vaccine: X 11 (2022) 100172
intervention in a Japanese tertiary care center. Infect Control Hosp Epidemiol
2013;34(11):1194–200. https://doi.org/10.1086/673452.

[54] Maltezou HC, Theodoridou K, Ledda C, Rapisarda V, Theodoridou M.
Vaccination of healthcare workers: is mandatory vaccination needed?
Expert Rev Vaccines 2019;18(1):5–13. https://doi.org/10.1080/
14760584.2019.1552141.

[55] Amendola A, Bianchi S, Frati ER, Ciceri G, Faccini M, Senatore S, et al. Ongoing
large measles outbreak with nosocomial transmission in Milan, northern
Italy, March–August 2017. Euro Surveill 2017;22(33). https://doi.org/
10.2807/1560-7917.ES.2017.22.33.30596.

[56] Grammens T, Maes V, Hutse V, Laisnez V, Schirvel C, Trémérie JM, et al.
Different measles outbreaks in Belgium, January to June 2016 – a challenge
for public health. Euro Surveill 2016;21(32):30313. https://doi.org/10.2807/
1560-7917.ES.2016.21.32.30313.

[57] Ledda C, Rapisarda V, Maltezou HC, Contrino E, Conforto A, Maida CM, et al.
Coverage rates against vaccine-preventable diseases among healthcare
workers in Sicily (Italy). Eur J Public Health 2021; 31: 56. https://doi.org/
10.1093/eurpub/ckaa179.

[58] Carter AH, Yentis SM. Ethical considerations in the uptake of influenza
vaccination by healthcare workers. Public Health 2018;158:61–3. https://doi.
org/10.1016/j.puhe.2018.01.020.

[59] Black CL, Yue X, Ball SW, Fink RV, de Perio MA, Laney AS, et al. Influenza
vaccination coverage among health care personnel — United States, 2017–18
influenza season. MMWR Morb Mortal Wkly Rep 2018;67(38):1050–4.

[60] Talbot TR, Babcock H, Caplan AL, Cotton D, Maragakis LL, Poland GA, et al.
Revised SHEA position paper: influenza vaccination of healthcare personnel.
Infect Control Hosp Epidemiol 2010;31(10):987–95. https://doi.org/10.1086/
656558.

[61] National Health System. Letter to chief executives of NHS trusts and
foundation trusts, https://kingstonhospital.nhs.uk/wp-content/uploads/
2019/12/Enc-Gi-Healthcare-Worker-Flu-Vaccination-Letter-1920-FINAL.pdf
[accessed 10 February 2022].

[62] New South Wales. Policy Directive. Occupational assessment, screening and
vaccination against specified infectious diseases, https://www1.health.
nsw.gov.au/pds/ActivePDSDocuments/PD2020_017.pdf [accessed 10
February 2022].

[63] Talbot TR, Schimmel R, Swift MD, Rolando LA, Johnson RT, Muscato J, et al.
Expanding mandatory healthcare personnel immunization beyond influenza:
impact of a broad immunization program with enhanced accountability.
Infect Control Hosp Epidemiol 2021;42(5):513–8.

[64] Helms C, Leask J, Robbins SC, Chow MYK, McIntyre P. Implementation of
mandatory immunisation of healthcare workers: observations from New
South Wales, Australia. Vaccine 2011;29(16):2895–901. https://doi.org/
10.1016/j.vaccine.2011.02.011.

[65] Frenzel E, Chemaly RF, Ariza-Heredia E, Jiang Y, Shah DP, Thomas G, et al.
Association of increased influenza vaccination in health care workers with a
reduction in nosocomial influenza infections in cancer patients. Am J Infect
Control 2016;44(9):1016–21. https://doi.org/10.1016/j.ajic.2016.03.024.

[66] Frederick J, Brown AC, Cummings DA, Gaydos CA, Gibert CL, Gorse GJ, et al.
Protecting healthcare personnel in outpatient settings: the influence of
mandatory versus nonmandatory influenza vaccination policies on workplace
absenteeism during multiple respiratory virus seasons. Infect Control Hosp
Epidemiol 2018;39(4):452–61.

[67] Van Buynder PG, Konrad S, Kersteins F, Preston E, Brown PD, Keen D, et al.
Healthcare worker influenza immunization vaccinate or mask policy:
strategies for cost effective implementation and subsequent reductions in
staff absenteeism due to illness. Vaccine 2015;33(13):1625–8. https://doi.
org/10.1016/j.vaccine.2015.01.048.

[68] Wynia MK. Mandating vaccination: what counts as a ‘‘mandate” in public
health and when should they be used? Am J Bioeth 2007;7(12):2–6. https://
doi.org/10.1080/15265160701795809.

[69] Wicker S, Marckmann G, Poland GA, Rabenau HF. Healthcare workers’
perceptions of mandatory vaccination: results of an anonymous survey in a
German university hospital. Infect Control Hosp Epidemiol 2010;31
(10):1066–9. https://doi.org/10.1086/656242.

[70] Salazar de Pablo G, Vaquerizo-Serrano J, Catalan A, Arango C, Moreno C, Ferre
F, et al. Impact of coronavirus syndromes on physical and mental health of
health care workers: systematic review and meta-analysis. J Affect Disord
2020;275:48–57. https://doi.org/10.1016/j.jad.2020.06.022.

[71] Shaukat N, Ali DM, Razzak J. Physical and mental health impacts of COVID-19
on healthcare workers: a scoping review. Int J Emerg Med 2020;13:40.
https://doi.org/10.1186/s12245-020-00299-5.

[72] Ali S, Noreen S, Farooq I, Bugshan A, Vohra F. Risk assessment of healthcare
workers at the frontline against COVID-19. Pak J Med Sci 2020; 36(COVID19-
S4): S99-103. https://doi.org/10.12669/pjms.36.COVID19-S4.2790.

[73] Misra-Hebert AD, Jehi L, Ji X, Nowacki AS, Gordon S, Terpeluk P, et al. Impact
of the COVID-19 pandemic on healthcare workers’ risk of infection and
outcomes in a large, integrated health system. J Gen Intern Med 2020;35
(11):3293–301. https://doi.org/10.1007/s11606-020-06171-9.

[74] Nguyen LH, Drew DA, Graham MS, Joshi AD, Guo C-G, Ma W, et al. Risk of
COVID-19 among front-line health-care workers and the general community:
a prospective cohort study. Lancet Public Health 2020;5(9):e475–83. https://
doi.org/10.1016/S2468-2667(20)30164-X.

[75] Wei J-T, Liu Z-D, Fan Z-W, Zhao L, Cao W-C. Epidemiology of and risk factors
for COVID-19 infection among health care workers: a multi-centre
7

comparative study. Int J Environ Res Public Health 2020;17:7149. https://
doi.org/10.3390/ijerph17197149.

[76] Zheng L, Wang X, Zhou C, Liu Q, Li S, Sun Q, et al. Analysis of the infection
status of healthcare workers in Wuhan during the COVID-19 outbreak: a
cross-sectional study. Clin Infect Dis 2020; 71: 2109–13. https://doi.org/
10.1093/cid/ciaa588.

[77] Shah ASV, Wood R, Gribben C, Caldwell D, Bishop J, Weir A, et al. Risk of
hospital admission with coronavirus disease 2019 in healthcare workers and
their households: nationwide linkage cohort study. BMJ 2020; 371: m3582.
doi: 10.1136/bmj.m3582.

[78] Souadka A, Essangri H, Benkabbou A, Amrani L, Majbar MA. COVID-19 and
healthcare worker’s families: behind the scenes of frontline response.
EClinicalMedicine 2020;23:100373. https://doi.org/10.1016/j.
eclinm.2020.100373.

[79] Maltezou HC, Dedoukou X, Tseroni M, Tsonou P, Raftopoulos V, Papadima K,
et al. SARS-CoV-2 infection in healthcare personnel with high-risk
occupational exposure: evaluation of 7-day exclusion from work policy.
Clin Infect Dis 2020; 71: 3182–7. https://doi.org/10.1093/cid/ciaa888.

[80] Cabarkapa S, Nadjidai SE, Murgier J, Ng CH. The psychological impact of
COVID-19 and other viral epidemics on frontline healthcare workers and
ways to address it: A rapid systematic review. Brain Behav Immun. Health
2020;8:100144. https://doi.org/10.1016/j.bbih.2020.100144.

[81] Krishnamoorthy Y, Nagarajan R, Saya GK, Menon V. Prevalence of
psychological morbidities among general population, healthcare workers
and COVID-19 patients amidst the COVID-19 pandemic: A systematic review
and meta-analysis. Psychiatry Res 2020;293:113382. https://doi.org/
10.1016/j.psychres.2020.113382.

[82] Teo WZY, Yap ES, Yip C, Ong L, Lee C-T. The psychological impact of COVID-19
on ‘hidden’ frontline healthcare workers. Int J Soc Psychiatry 2021;67
(3):284–9. https://doi.org/10.1177/0020764020950772.

[83] Dror AA, Eisenbach N, Taiber S, Morozov NG, Mizrachi M, Zigron A, et al.
Vaccine hesitancy: the next challenge in the fight against COVID-19. Eur J
Epidemiol 2020;35(8):775–9. https://doi.org/10.1007/s10654-020-00671-y.

[84] Gagneux-Brunon A, Detoc M, Bruel S, Tardy B, Rozaire O, Frappe P, et al.
Intention to get vaccinations against COVID-19 in French healthcare workers
during the first pandemic wave: a cross-sectional survey. J Hosp Infect
2021;108:168–73. https://doi.org/10.1016/j.jhin.2020.11.020.

[85] Harapan H, Wagner AL, Yufika A, Winardi W, Anwar S, Gan AK, et al.
Acceptance of a COVID-19 vaccine in Southeast Asia: a cross-sectional study
in Indonesia. Front Public Health 2020;8. https://doi.org/10.3389/
fpubh.2020.00381.

[86] Ledda C, Costantino C, Cuccia M, Maltezou HC, Rapisarda V. Attitudes of
healthcare personnel towards vaccinations before and during the COVID-19
pandemic. Int J Environ Res Public Health 2021;18:2703. https://doi.org/
10.3390/ijerph18052703.

[87] Maltezou HC, Pavli A, Dedoukou X, Georgakopoulou T, Raftopoulos V, Drositis
I, et al. Determinants of intention to get vaccinated against COVID-19 among
healthcare personnel in hospitals in Greece. Infect Dis Health 2021;26
(3):189–97. https://doi.org/10.1016/j.idh.2021.03.002.

[88] Schwarzinger M, Watson V, Arwidson P, Alla F, Luchini S. COVID-19 vaccine
hesitancy in a representative working-age population in France: a survey
experiment based on vaccine characteristics. Lancet Public Health 2021;6(4):
e210–21. https://doi.org/10.1016/S2468-2667(21)00012-8.

[89] Biswas N, Mustapha T, Khubchandani J, Price JH. The nature and extent of
COVID-19 vaccination hesitancy in healthcare workers. J Community Health
2021;46(6):1244–51. https://doi.org/10.1007/s10900-021-00984-3.

[90] Reses HE, Jones ES, Richardson DB, Cate KM, Walker DW, Shapiro CN. COVID-
19 vaccination coverage among hospital-based healthcare personnel reported
through the Department of Health and Human Services Unified Hospital Data
Surveillance System, United States, January 20, 2021-September 15, 2021. Am
J Infect Control 2021;49(12):1554–7.

[91] CBC News, 2021. Ontario announces mandatory vaccine plans for health,
education workers; 3rd doses for some, https://www.cbc.ca/
news/canada/toronto/ontario-covid-vaccines-requirement-health-care-
education-1.6143378 [accessed 10 February 2022].

[92] Paterlini M. Covid-19: Italy makes vaccination mandatory for healthcare
workers. BMJ 2021;373:. https://doi.org/10.1136/bmj.n905n905.

[93] Stokel-Walker C. Covid-19: The countries that have mandatory vaccination
for health workers. BMJ 2021;373:. https://doi.org/10.1136/bmj.
n1645n1645.

[94] Wise J. Covid-19: France and Greece make vaccination mandatory for
healthcare workers. BMJ 2021;374:. https://doi.org/10.1136/bmj.
n1797n1797.

[95] Talbot TR. COVID-19 vaccination of health care personnel as a condition of
employment: a logical addition to institutional safety programs. JAMA
2021;326:23–4. https://doi.org/10.1001/jama.2021.8901.

[96] Queensland Government. Workers in a healthcare setting (COVID-19
Vaccination Requirements) Direction (No. 3), https://www.health.qld.gov.
au/system-governance/legislation/cho-public-health-directions-under-
expanded-public-health-act-powers/workers-in-healthcare-setting
[accessed 10 February 2022].

[97] Frati P, La Russa R, Di Fazio N, Del Fante Z, Delogu G, Fineschi V. Compulsory
vaccination for healthcare workers in Italy for the prevention of SARS-CoV-2
infection. Vaccines 2021;9:966. https://doi.org/10.3390/vaccines9090966.

https://doi.org/10.1086/673452
https://doi.org/10.1080/14760584.2019.1552141
https://doi.org/10.1080/14760584.2019.1552141
https://doi.org/10.2807/1560-7917.ES.2017.22.33.30596
https://doi.org/10.2807/1560-7917.ES.2017.22.33.30596
https://doi.org/10.2807/1560-7917.ES.2016.21.32.30313
https://doi.org/10.2807/1560-7917.ES.2016.21.32.30313
https://doi.org/10.1016/j.puhe.2018.01.020
https://doi.org/10.1016/j.puhe.2018.01.020
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0295
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0295
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0295
https://doi.org/10.1086/656558
https://doi.org/10.1086/656558
https://kingstonhospital.nhs.uk/wp-content/uploads/2019/12/Enc-Gi-Healthcare-Worker-Flu-Vaccination-Letter-1920-FINAL.pdf
https://kingstonhospital.nhs.uk/wp-content/uploads/2019/12/Enc-Gi-Healthcare-Worker-Flu-Vaccination-Letter-1920-FINAL.pdf
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/PD2020_017.pdf
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/PD2020_017.pdf
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0315
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0315
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0315
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0315
https://doi.org/10.1016/j.vaccine.2011.02.011
https://doi.org/10.1016/j.vaccine.2011.02.011
https://doi.org/10.1016/j.ajic.2016.03.024
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0330
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0330
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0330
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0330
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0330
https://doi.org/10.1016/j.vaccine.2015.01.048
https://doi.org/10.1016/j.vaccine.2015.01.048
https://doi.org/10.1080/15265160701795809
https://doi.org/10.1080/15265160701795809
https://doi.org/10.1086/656242
https://doi.org/10.1016/j.jad.2020.06.022
https://doi.org/10.1186/s12245-020-00299-5
https://doi.org/10.1007/s11606-020-06171-9
https://doi.org/10.1016/S2468-2667(20)30164-X
https://doi.org/10.1016/S2468-2667(20)30164-X
https://doi.org/10.3390/ijerph17197149
https://doi.org/10.3390/ijerph17197149
https://doi.org/10.1016/j.eclinm.2020.100373
https://doi.org/10.1016/j.eclinm.2020.100373
https://doi.org/10.1016/j.bbih.2020.100144
https://doi.org/10.1016/j.psychres.2020.113382
https://doi.org/10.1016/j.psychres.2020.113382
https://doi.org/10.1177/0020764020950772
https://doi.org/10.1007/s10654-020-00671-y
https://doi.org/10.1016/j.jhin.2020.11.020
https://doi.org/10.3389/fpubh.2020.00381
https://doi.org/10.3389/fpubh.2020.00381
https://doi.org/10.3390/ijerph18052703
https://doi.org/10.3390/ijerph18052703
https://doi.org/10.1016/j.idh.2021.03.002
https://doi.org/10.1016/S2468-2667(21)00012-8
https://doi.org/10.1007/s10900-021-00984-3
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0450
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0450
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0450
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0450
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0450
https://www.cbc.ca/news/canada/toronto/ontario-covid-vaccines-requirement-health-care-education-1.6143378
https://www.cbc.ca/news/canada/toronto/ontario-covid-vaccines-requirement-health-care-education-1.6143378
https://www.cbc.ca/news/canada/toronto/ontario-covid-vaccines-requirement-health-care-education-1.6143378
https://doi.org/10.1136/bmj.n905
https://doi.org/10.1136/bmj.n1645
https://doi.org/10.1136/bmj.n1645
https://doi.org/10.1136/bmj.n1797
https://doi.org/10.1136/bmj.n1797
https://doi.org/10.1001/jama.2021.8901
https://www.health.qld.gov.au/system-governance/legislation/cho-public-health-directions-under-expanded-public-health-act-powers/workers-in-healthcare-setting
https://www.health.qld.gov.au/system-governance/legislation/cho-public-health-directions-under-expanded-public-health-act-powers/workers-in-healthcare-setting
https://www.health.qld.gov.au/system-governance/legislation/cho-public-health-directions-under-expanded-public-health-act-powers/workers-in-healthcare-setting
https://doi.org/10.3390/vaccines9090966


H.C. Maltezou, G. Dounias, V. Rapisarda et al. Vaccine: X 11 (2022) 100172
[98] Food and Drug Administration. FDA approves first COVID-19 vaccine, https://
www.fda.gov/news-events/press-announcements/fda-approves-first-covid-
19-vaccine [accessed 10 February 2022].

[99] Beauchamp TL, Childress JF. Principles of biomedical ethics. 7th ed. New York,
NY: Oxford Univ. Press; 2013.
8

[100] Gagneux-Brunon A, Botelho-Nevers E, Launay O. Are the conditions met to
make COVID-19 vaccination mandatory for healthcare professionals? Infect
Dis Now 2021;51(6):507–9. https://doi.org/10.1016/j.idnow.2021.06.301.

[101] Kates OS, Stock PG, Ison MG, Allen RDM, Burra P, Jeong JC, et al. Ethical review
of COVID-19 vaccination requirements for transplant center staff and
patients. Am J Transplant 2022;22(2):371–80. https://doi.org/10.1111/
ajt.16878.

https://www.fda.gov/news-events/press-announcements/fda-approves-first-covid-19-vaccine
https://www.fda.gov/news-events/press-announcements/fda-approves-first-covid-19-vaccine
https://www.fda.gov/news-events/press-announcements/fda-approves-first-covid-19-vaccine
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0495
http://refhub.elsevier.com/S2590-1362(22)00032-8/h0495
https://doi.org/10.1016/j.idnow.2021.06.301
https://doi.org/10.1111/ajt.16878
https://doi.org/10.1111/ajt.16878

	Vaccination policies for healthcare personnel: Current challenges and future perspectives
	Introduction
	Scientific background for HCP vaccination: What is the evidence?
	HCP are frequently exposed to VPDs
	HCP often continue to work despite being ill
	HCP are frequently traced as sources of transmission of VPDs
	High rates of absenteeism are recorded among non-vaccinated HCP
	Voluntary vaccination policies for HCP have largely failed

	Are mandatory vaccination policies the solution?
	Vaccination of HCP against COVID-19 as a case study
	Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


