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Abstract: This article highlights the importance of diphtheria-tetanus-acellular pertussis (with re-
duced antigen content, dTap) vaccination in preventing pertussis, a respiratory infection that is
still widespread and easily transmitted. In particular, it highlights the need to receive a booster
vaccination throughout life to maintain high antibody levels, which decrease through time. This
document collects the opinions that emerged from the comparison between major Italian experts
in the field of vaccination. This working group was created to promote a “call to action”, aimed at
raising awareness among all institutions, public health authorities, and health workers involved in
the vaccination process, about the importance of dTap vaccine administration and with the mindset
of implementing the strategic vaccination plan provided by the National Vaccine Plan (NVP). In fact,
despite this vaccine being included in the NVP, there are some issues attributable to the practice of
vaccination (local health authorities, vaccination centers, occupational health services, gynecology
centers, societies of work). Therefore, it is necessary that the Ministry defines the vaccination coverage
objectives, identifies the groups of subjects who should receive the booster vaccine (subjects exposed
to greater risk of infection, subjects over 60, pregnant women), and applies all the necessary measures
to encourage the implementation of this practice.

Keywords: dTap vaccine; pertussis; pertussis vaccine; pertussis vaccine in pregnancy; pertussis
immunization; pertussis immunity duration; pertussis booster for adults

1. Introduction

Pertussis is an extremely contagious infection of the respiratory system, transmitted
by the Gram-negative bacterium Bordetella pertussis [1-5]. It affects individuals of all ages
but has a higher incidence in the pediatric age group and a more significant impact on
infants and immunocompromised individuals. In particular, it has been observed that in
infants under 1 year of age, 50% of cases are hospitalized and may develop respiratory and
neurological complications [3,6-13].

Sometimes, in the most serious cases, the disease can lead to death. In Italy, it has
been shown that among pertussis hospitalizations, 64% of cases involved subjects less than
1 year old [14].

In both adolescents and adults, the severity of the clinical picture is usually lower,
especially in subjects who have been previously vaccinated. This last category can represent
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a source of infection difficult to identify, since the disease can assume a pauci-symptomatic
character (mild and often unrecognized symptoms) and may not be correctly diagnosed,
also due to a limited use of laboratory diagnostic methods and a reduced number of patients
who are actually hospitalized. This is related to an increased risk of transmission in young
children who have not yet started or completed the primary vaccination cycle [15], and for
whom pertussis continues to be a significant health problem [1,4,16-22].

Infection stimulates both types of the immune response, both humoral and cell-
mediated. There is no serological marker that assesses the possible protection from the dis-
ease yet; however, it is possible to roughly establish the recent contact with the pathogenic
agent, verifying the presence in the blood of antibodies for one or more components of the
bacterium. As a matter of fact, high levels of anti-pertussis toxin (anti-PT) are considered
indicative of a recent exposure to the pathogen; using ELISA tests, results >100 Interna-
tional Units/ml (IU/mL) in adolescents and adults are indicative of recent contact with
B. pertussis [23,24].

In particular, it has been shown that, similarly to what happens for tetanus and
diphtheria, natural immunity or immunity acquired with vaccination is not long-lasting
and tends to decrease over time: there is a significant reduction after about 10 years, which
is more evident and rapid in subjects previously immunized by vaccination compared
to those who have developed immunity following the natural disease. For this reason,
after 10 years from the first vaccination, it is advisable to carry out periodic vaccination
boosters [25-32].

The levels of antibodies directed against a single antigen or combination of antigens
that can be correlated with certainty to clinical protection are currently unknown.

2. How the Epidemiology of the Disease has Changed over Time

National epidemiological evidence underlines that the disease currently involves
different age groups than those affected in the past.

Investigations conducted showed that in the pre-vaccination era, the incidence of
pertussis was higher in the pediatric group [15,30].

In Italy, the epidemiological picture changed following the recommendation of anti-
pertussis vaccination by the Ministry of Health in 1962. Subsequently, the introduction
of the acellular vaccine, in combination with diphtheria and tetanus antigens, reduced
reported cases. However, a new increase has been recorded since 2016, even in countries
with high vaccination coverage, where epidemic episodes [33] have been reported. More-
over, the comparison with other countries suggests that the disease incidence in Italy is
significantly underestimated [15].

Most cases of infection occur during the first year of life, and a second infectious peak
is observed during adolescence: this trend confirms the reduction in previously acquired
immune protection. Therefore, adolescents and adults play an important role in the
dynamics of disease transmission, as also demonstrated by numerous seroepidemiological
studies [34,35], especially in industrialized countries [36].

For example, a survey conducted in Sweden showed an increase in the number of
cases of whooping cough in the adult population (57% of cases) and the over-50s (17% of
cases). In addition, the disease is more frequent in frail individuals who have comorbidities
(e.g., Chronic obstructive pulmonary disease: COPD, asthma).

In 2018, the World Health Organization (WHO) estimated 151,074 cases and 89,000 deaths
(in 2008) globally, against a vaccination coverage rate of 86% for the three-dose cycle [37,38].

The most recent report from the European Centre for Disease Prevention and Con-
trol (ECDC) delineates 35,627 cases of whooping cough in 2018 from 30 countries in the
European Union (particularly from Germany, the Netherlands, Norway, Spain, and the
United Kingdom).

The notification rate was 8.2 cases per 100,000 people, slightly lower than in previous
years (the 2017 report confirmed 9.4 cases per 100,000 people). Individuals aged >15 years
accounted for 62% of all reported cases: infants aged <1 year were the most affected age
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group, with the highest incidence rate (44.4 per 100,000 people and three reported deaths),
followed by children aged 10-14 years [15].

Why is whooping cough still circulating, despite the use of the vaccine?

The main reasons, some of which have already been mentioned above, are summarized
as follows:

e  There are “disease reservoirs”: these are mainly represented by school-age children,
adolescents, and adults, who, coming into contact with the most vulnerable subjects
(such as subjects with pathologies and infants under 6 months of age who have not
yet completed the vaccination cycle), can transmit the disease.

e  Protective immunity as well as antibodies developed following vaccination against
whooping cough are reduced over time, being halved after a short time (about one
year) (waning immunity).

e Low vaccination coverage as well as the evolution of the pathogen towards variants
more resistant to the immunity induced by vaccination.

The disease often goes undiagnosed, partly due to the lack of laboratory tests.
Even though there is an indication for vaccination, citizens feel little involvement in
the practice of vaccination [26,29,31,32,39-47].

3. Whooping Cough Prevention: The Importance of Vaccination and the Current
Scenario in Italy

The change that the epidemiology of the disease has undergone over time has influ-
enced the choice of intervention strategies to be implemented to control the transmission of
the infection.

The most important preventive strategy is represented by vaccination, whose primary
objective identified by the WHO is represented by reducing the risk of developing severe
forms of the disease during childhood and achieving a minimum level of vaccination
coverage of 90% [29,31].

In 2018, a vaccine program was proposed [48], designed to provide lifelong immunity to
the whole population (children, adults, citizens, workers, travelers, and pregnant women).
This proposal can be used as a starting model for developing an effective vaccination plan.

As of August 2020, eight countries have adopted several strategies aimed at controlling
pertussis, such as implementing maternal immunization programs and vaccine boosters, in
individuals over the age of 18 years old [18].

In the National Vaccine Plan (NVP) 2017-2019 (extended until the end of 2021), the
Ministry of Health highlighted the usefulness of carrying out boosters against diphtheria,
tetanus, pertussis, and poliomyelitis, which maintain the vaccination continuity over
time [32] and grant long-term protection in subjects who have been successfully vaccinated
or who may be exposed to new risks of contracting the infection and/or disease (e.g., due
to the decay of the immune protection provided by vaccination, the reduced possibility of
encountering natural boosters, the reintroduction from endemic areas of pathogens now
eliminated in our territory).

The document listed the different times during life when it is appropriate to have
them and the type of vaccine needed to achieve the goal. This guidance is also present
in the latest edition of the Vaccine Calendar for Life (2019), in which booster shots were
recommended for all adults [49].

The booster vaccination occurs every 10 years. It can be carried out starting from
adolescence, and it is aimed at maintaining the efficacy previously acquired thanks to
the administration of the primary cycle carried out in the pediatric age [50], as well as in
pregnant women and in subjects in close contact with children or healthcare personnel.

In accordance with the NVP 2017-2021, it is also possible to use, from the age of 4 years,
the formulation “adult type” (diphtheria-tetanus-acellular pertussis vaccine with reduced
antigen content, dTap), provided that the child’s parents are adequately informed about
the importance of booster vaccination in adolescence and that high adolescent vaccination
coverage is ensured.
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The booster shots that follow the basic vaccination cycle (three doses at 3-5-11/12 months
of age) can be interspersed with a variable period of time (5 or 10 years) based on particular
situations (e.g., pregnancy, post-exposure prophylaxis, presence of a major wound, travel to
highly endemic areas).

Individuals who have not previously received a vaccination do not need to undergo a
full vaccination cycle, but they can take a single dose of the vaccine. In fact, in this case, it is
highly possible that previous contact with the bacterium may have led to the development
of immunological memory [29,31,32].

The booster vaccine involves using the combined vaccine with reduced antigenic
content, which also includes the pertussis components. These are purified and inactivated
and can stimulate an adequate immune response to hinder the decay of protection observed
over time following vaccination.

Currently, in Italy, there are different types of combined vaccines available: diphtheria-
tetanus-acellular pertussis-inactivated poliovirus (full antigenic content, DTaP-IPV) or
diphtheria-tetanus-acellular pertussis with reduced antigen content-inactivated poliovirus
(dTap-IPV, including the polio-specific antigenic component) and dTap (without the IPV
component). In relation to the pertussis component, the vaccines available are single-
component, three-component, and five-component antigenic vaccines (Supplementary
Materials Table S1).

Vaccines with an IPV component are recommended up to 11-18 years of age, while
dTap vaccines are recommended for 10-year vaccine boosters for adults and pregnant
women (prevention of pertussis in the newborn).

4. Immunization Strategies

Prevention of pertussis requires an integrated approach. It is necessary to remember
that the control of infection can only be obtained by achieving high levels of immunity
in all age groups of the population: for this reason, to increase and maintain high levels
of vaccination coverage, different immunization strategies have been defined and/or
already adopted in several European countries. These include the vaccination of newborns,
pre-school children, adolescents and adults, healthcare workers, childcare workers, and
pregnant women, as well as the application of the cocoon strategy [51].

Vaccine boosters are also indicated for frail people and patients with chronic degener-
ative diseases, who are at increased risk of developing post-infectious complications [52].

The value of the vaccine recommendation is also linked to the citizens” acceptance of
the vaccine intervention itself. Adherence to this practice is related to several factors, which
have been highlighted well in the document “The NVP 2020-2022: recommendations of
the National immunization technical advisory group (NITAG) strategic core” [53].

Scientific evidence shows that, given the same immunogenicity and efficacy, better
tolerability of the vaccine promotes adherence to the vaccine recommendation. For this
reason, the vaccine with reduced antigenic content (dTap-IPV), compared to the vaccine
with full antigenic content (DTaP-IPV), has demonstrated better tolerability, with an excel-
lent level of efficacy and immunogenicity. The main general immunization strategies to be
implemented are included in Table 1.

Table 1. Summing up of the main general immunization strategies to be implemented.

Vaccination of newborns, pre-school children, adolescents, adults, healthcare workers, childcare
workers, pregnant women.

“Cocoon Strategy”

Vaccine booster for frail people

Vaccine booster for patients with chronic degenerative diseases

Promote compliance to vaccine pointing out the excellent tolerability of the reduced antigen
content vaccine




Int. |. Environ. Res. Public Health 2022, 19, 4412 50f 15

5. Importance of Vaccination for a Pregnant Woman and Strategies to Increase the
Willingness to Become Vaccinated during Pregnancy

Previously, there was a lack of extensive knowledge regarding the usefulness of
pertussis vaccination during pregnancy.

Currently, vaccination of pregnant women is free of charge [31] and is the best strategy
to reduce the risk of severe pertussis in infants [16,54].

International public health agencies recommend the administration of the dTap vaccine
during gestation [29,32,39,55-59].

In fact, vaccination of a pregnant woman allows the development of an adequate
antibody response and its passive transplacental transfer, and during the last trimester of
pregnancy, it allows the protection of the product of conception until he or she can receive
the scheduled vaccine cycle [60].

The Board of the Calendar for Life highlighted the importance of vaccination, empha-
sizing the possibility of carrying it out even in conjunction with the administration of the
flu vaccine, which should be administered during the second/third gestational trimester,
before or during the flu season [32].

The Calendar for Life reiterates the need to receive the vaccination during every
pregnancy, regardless of a woman’s previous vaccination history or previous infection.

The trivalent vaccine (dTap) should ideally be administered around the 28th gestational
week or anytime between the 27th and 36th gestational weeks, as indicated in the National
Vaccination Plan 2017-2021 by the Ministry of Health [32]. This allows a pregnant woman
to produce enough antibodies.

However, limited knowledge around vaccines, together with the lack of clear recom-
mendations by health professionals, the lack of precise indications at the legislative level,
and the difficulty of being immunized during prenatal consultations, has contributed to
the poor diffusion of vaccination culture and the failure to achieve an adequate level of
vaccination coverage among pregnant women.

Several strategies could be adopted to increase maternal immunization coverage
globally.

First, the Ministry should be asked to include any vaccination during pregnancy in
the Certificate of Assistance in Childbirth, which would allow obtaining the exact number
of vaccinations carried out during pregnancy and, therefore, having a clear picture of the
existing vaccination coverage in the territory.

Next, vaccination for whooping cough before the 28th week of gestation should be
encouraged, in the case of women at risk of preterm birth, but also in pregnant women who
are hospitalized and at risk of premature birth or other pregnancy-related problems: a vacci-
nation would protect the fetus and the newborn in the case of preterm births. This practice
is already active in some centers, and its adoption should be encouraged everywhere.

To ensure the total protection of a pregnant woman, strategies that can involve the
vaccination of figures who are most in contact with her (e.g., partners) should be selected,
giving the possibility to perform the 10-year booster dose of vaccination in case the booster
has not been administered in the last decade [61,62].

Vaccination programs during pregnancy involve gynecologists. However, although
these specialists are aware of the possibility of whooping cough vaccination in a pregnant
woman and recognize its preventive importance, better awareness is needed to encourage
women to become vaccinated [32,63], for example, through the creation of “vaccination
opportunities” during pregnancy (e.g., the possibility of receiving the vaccination during
scheduled ultrasound check-ups at gynecology and obstetrics hospital departments or at
gynecologic consulting clinics) [64].

To improve vaccination adherence in the territory, it is necessary to adopt a multidisci-
plinary approach, which can involve not only gynecologists but also other health figures,
as highlighted by the recommendations provided by the NITAG expert group, in view of
the next NVP 2022-2025. A collaboration between multiple figures, such as gynecologists,
midwives, pediatricians, general practitioners, public health specialists, and pharmacists,
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and the involvement of territorial and occupational medicine, scientific societies, and travel
medicine, can promote the use of the vaccine.

To increase the training of health professionals, it could be useful to propose train-
ing courses addressed to all health professionals who give support during pregnancy
(gynecologists, midwives, general practitioners, public health doctors) [61,64].

A further improvement strategy is represented by the possibility of including gyne-
cological specialists among the group of experts called to develop the guidelines to be
included in the National Vaccination Plan.

The creation of educational resources aimed at pregnant women could also improve
vaccination acceptance.

In fact, although pertussis vaccines have been demonstrated to be safe and effective
for both mothers and their newborn children, their acceptance is still low [65]. Very low
vaccination coverage among pregnant women has been reported in Italy during the last
few years [32,66], in contrast to what has been observed in other countries, such as the
United Kingdom (UK), where vaccination coverage is consistently above 50%.

For example, in 2018, data submitted by three different Italian hospitals showed a
sub-optimal level of coverage (of 4.8%) [67]. The same authors have recently shown that
increased rates can be obtained by applying specific educational tools in selected centers of
the study [68].

However, there is a lack of broader data.

For this reason, it could be useful to include, at the national level, a specific lesson
during birthing classes that relates to the recommended vaccinations during pregnancy [64].

The effectiveness of transmission of the message in favor of the vaccination interven-
tion also includes a clear and simple presentation of available vaccines. In pregnant women,
this should indicate the five-component vaccine, which has solid data supporting its admin-
istration. In contrast, the use of the three-component and the single-component vaccine is
only supported by, respectively, prospective observational studies and animal-only studies.

Therefore, the inclusion in the pregnancy diary of a chapter dedicated to vaccinations
to be administered during pregnancy could be a useful tool to promote correct informa-
tion (a strategy already adopted in some centers), as well as the possibility of having an
explanatory product sheet, which can be easily consulted in case of need. The strategies to
increase maternal immunization are summarized in Table 2.

Table 2. Strategies to increase maternal immunization.

Inclusion in the Certificate of Assistance in Childbirth of any vaccination during pregnancy

Encourage whooping cough vaccination before the 28th week of gestation

Encourage whooping cough vaccination between hospitalized pregnant women and those at risk
of premature birth or other pregnancy related problems

Involve all the figures most in contact with pregnant women

Improve awareness among gynecologists to encourage whoopy cough vaccination

Training courses to all health professionals who give support during pregnancy

Include gynecologists in the Experts’ Panel who develop Guidelines of the National
Vaccination Plan

Educational courses for pregnant women to improve vaccination acceptance

Inclusion in the pregnant diary of a chapter dedicated to vaccination to be administered during
pregnancy
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6. Initiatives Taken at the Regional Level to Promote the Inmunization of
Pregnant Women

At the regional level, several initiatives have been undertaken to increase maternal
immunization rates.

In Sicily, a project has been launched to raise awareness of the use of the vaccine in
pregnant women, promoted in hospitals at the regional level. This has involved 326 women
and has shown that a brief training intervention, implemented during the childbirth classes,
has increased the vaccination coverage rate, raising it from 3-7% (in 2018) to higher values
in the intervention group (57.7% of women were vaccinated with the diphtheria—tetanus—
pertussis vaccine, 47.8% with the flu vaccine, and 64.2% with both vaccines) [69]. It could
be useful to extend this intervention to the whole nation using the organizational support
of obstetrical teams.

Even the organization of conferences that have involved multiple figures, such as
gynecologists, midwives, and pediatricians, has proved to be a useful tool to increase
awareness of the vaccine, especially considering the close relationship that these healthcare
professionals establish with pregnant women.

For example, in Calabria, following a conference during which the importance of
vaccination during pregnancy was discussed, a protocol of collaboration was drawn up
between the hospital’s gynecology department and the Provincial Health Agency (Asp).
(This has provided the possibility of carrying out the vaccination within the hospital
(through the administration of vaccines provided by Asp), even during pre-birth visits.

In the Region of Puglia, a system is currently in place to monitor pregnant women,
who, classified as being at risk, are included in a vaccine-registry system. Local initiatives
to promote the immunization of pregnant women in some Italian regions are highlighted
in Table 3.

Table 3. Local initiatives to promote the immunization of pregnant women in some Italian regions.

Sicily: Training during the birthing classes
Conferences for gynecologists, midwives, pediatricians

Calabria: Protocol of collaboration between hospital gynecology department and
Provincial Health Agency

Puglia: Inclusion of pregnant women at risk in a vaccine-registry system

7. Importance of dTap Vaccination in Adults and Dissemination of Vaccination
Culture in Adults and the Elderly Population

The possibility of vaccination against diphtheria—tetanus—pertussis, usually limited
to infancy, should be extended to the adult/elderly population, which is also exposed to
these diseases, as shown by epidemiological data and by several pieces of evidence.

Currently, in Europe, diphtheria is considered a disease under control; however, the
number of fatal cases in the pediatric population in Spain (2015) and Belgium (2016) has
highlighted the need to maintain high protection against this disease through vaccination
of all age groups, including adults.

A very recent European study, which included Italy, showed that in our country, the
proportion of individuals unprotected against diphtheria is very high, standing at over 70%
in individuals over 65 years of age. The authors of the study identified that the reasons for
the alarming result are both the lack of awareness of the value of diphtheria vaccination
among the population and the doctors’ failure in monitoring the patients’ vaccination
status [15,37].

Even though tetanus is a completely preventable disease, a recent seroprevalence
study showed that tetanus cases continue to occur in Italy, and the reported notification and
hospitalization rates are higher than in other European countries. In most of the identified
cases, the subjects were either not or only partially vaccinated. Moreover, in 80% of the
cases, the disease occurred in subjects over 64 years of age and with a higher incidence in
women than in men [36,70].
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With regard to pertussis, the highest prevalence has recently been found in subjects in
the 20-29 age group. However, it is also interesting that there is an increase in the number
of subjects recently exposed to the disease in the age group >60 years.

It is important to remember that, if contracted in adulthood, this infection can cause
comorbidities (pneumonia, urinary incontinence, sinusitis, etc.) and a significant increase
in costs for the National Health System [71]. The adult subject represents the main focus
of developing an effective vaccination program. In fact, pertussis vaccination, carried
out in adulthood, has a double value: directly, it protects vaccinated individuals; indi-
rectly, it ensures the maximum protection to infants (who may come into contact with
infected adults).

The Italian NVP recommends the diphtheria—tetanus—pertussis booster for adults
every 10 years, which is important mainly nowadays as any preventable infectious disease
could complicate the health status of subjects already affected by SARS-CoV-2 [32].

However, dTap vaccination is neglected in adults, as evidenced by the low vaccination
coverage rates revealed by several surveys based on specific interviews conducted over
time (Progress of the Health Authorities for Health in Italy, PASSI and PASSI d’Argento
surveillance systems).

A recent European study has shown that in Italy, there is still a high proportion of
patients over 65 years of age at risk of developing infectious diseases that can be prevented
by the administration of a vaccine. Therefore, initiatives should be taken to improve
vaccination coverage.

The best strategy to ensure adult/elderly vaccination adherence is represented by the
“vaccination habit”, i.e., the activation of a vaccination pathway that begins at birth and
continues throughout childhood and adolescence, adulthood, and senescence.

Therefore, the promotion of an active call to vaccination is recommended; this already
has been tested in some regions and can be extended to the younger age group of the
population (an active call has already been made for the administration of the Human
papillomavirus, HPV, vaccine).

Vaccination centers can invite those entitled to vaccination and send written invitations
after consulting the registry lists obtained from various internal systems of the Health
Authority or from the municipal registry offices.

It is vital to remember that the lack of active call to vaccination for anyone entitled,
such as elderly people, is the denial of a right of the citizen by the National Health System
and Regional Health System, as it is part of the new Essential Levels of Care [72].

The levels of vaccination coverage against infectious diseases increased thanks to this
strategy, such as for the active call for anti-pneumococcal and anti-herpes zoster vaccination
for subjects 65 years old, but also the dTap booster in adult subjects every 10 years, which
made it possible to reach a vaccination coverage of over 30%. The COVID-19 emergency
had an impact on all health activities, including vaccinations. In particular, there was a
particularly significant decrease in coverage rates in adolescents and the elderly [73].

The vaccination message targeted to the adult patient can also be spread through
the active involvement of several specialists and healthcare figures (medical specialists,
pharmacists, biologists, professional nurses, healthcare assistants) so that the patient can be
adequately informed without having to rely on inadequate information channels.

By achieving this, a continuous training/information process must be initiated and
extended to all health workers.

An important role is played by the general practitioner (GP), who establishes a spe-
cial relationship of trust with his or her client/patient. It has been possible to increase
the vaccination coverage rate related to the anti-pneumococcal vaccination thanks to the
collaboration with this figure [74,75].

Nowadays, GPs already administer some types of vaccines, such as the flu vaccine.
For example, in Piedmont, GPs administer the anti-pneumococcal and anti-herpes zoster
vaccines in subjects over 65 years of age and in patients with heart and lung diseases.
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This category of physicians should be more involved in the promotion of vaccinations,
wherever they are carried out in vaccination centers, as well as in their administration
in their own clinic, and in the identification of those most at risk (diabetic patients, heart
patients, those suffering from lung or kidney diseases or rheumatology or oncology, etc.),
who represent a category still largely underestimated in the vaccination practice.

The future aim is to also involve them in the administration of the pertussis booster
in adults, as well as in the booking of vaccination appointments (based on age and risk
conditions), for example, through the extension of the GP’s software, connected to the
adult’s computerized vaccination registry (AVI).

In addition, the possibility of connecting AVI with an app that can be downloaded on
a mobile device would give patients the possibility of independently checking their own
vaccination status and receiving, via SMS, reminders of any vaccination appointments. By
doing this, the GPs could support elderly patients who are less familiar with computer tools.

However, some aspects related to the practice of vaccination are still lacking: among these
are the vaccination centers and GPs’ inability to use an effective AVI for adult/elderly patients.

This gap should be filled as soon as possible, as it makes it difficult to obtain data on
the number of vaccinations carried out and, therefore, a realistic estimate of the level of
vaccination coverage.

For this reason, thanks to the Italian Alliance for Active Aging (Happy Ageing), the
Ministry of Health was requested to obtain a registry vaccine for adults and the elderly to
properly assess the actual number of vaccinations administered. By doing this, vaccinated
subjects would obtain a notification that can be shared by public health, vaccination centers,
general practitioners, and specialists; it is even necessary to receive the Essential Levels of
Care funds.

Finally, this would allow the activation of a computerized vaccination diary/booklet,
through which vaccination appointments would be communicated to the patient through
notifications. Strategies to improve the vaccination among adults and the elderly are
summarized in Table 4.

Table 4. Summing-up of the strategies to improve the vaccination between adults and elderly.

Vaccination habit: vaccination pathway throughout all ages

Active call to all people suitable for vaccination (invited by vaccination centers)

Active involvement of several specialists and healthcare figures to adequately inform the patients

Collaboration with General Practitioners (GPs) and occupational physicians for vaccine
administration and identification of patients most at risk

Obtain a registry vaccine for adults and elderly by the Ministry of Health

8. Regional Initiatives

It is worth mentioning “Happy Ageing” among the initiatives already undertaken at
the regional level to promote the spread of the vaccine message in the adult population,
which highlights the importance of diphtheria—tetanus—pertussis vaccination in both adults
and the elderly and its implementation due to a proper distribution of the message among
the population.

Trade unions have also worked to disseminate correct information through the organi-
zation of regional events focused on supporting vaccination in the elderly population.

In some regions (e.g., Sicily), the vaccination is supported by the Health Service; in
fact, the 10-year booster vaccine is reimbursed for the population over 60 years and for
those at risk. Hopefully, this facility will also be taken into consideration in other regions.

9. The Importance of dTap Vaccination in Workers

The vaccination coverage rates of the entire community can be increased with the im-
plementation of vaccination programs through a close collaboration between occupational
health services, vaccination clinics, and the national health system, reducing the number
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of workers susceptible to vaccine-preventable diseases (VPDs) and at risk of infection in
the workplace.

It is well known that exposure to biological agents is a health risk for workers in
many professional environments. The Legislative Decree 81/2008, which is the main Italian
legislative reference for the management and prevention of biological risk in the workplace,
lists the available vaccinations against each biological agent responsible for VPDs [76].

Health monitoring takes place through the implementation of protocols drawn up
based on specific risks identified in the workplace. These protocols are periodically updated
in accordance with the latest scientific indications and the current regulations. In this
context, occupational physicians provide health services aimed at protecting the health of
workers exposed to occupational risks, collaborate with employers to identify any work
processes that may be a health risk and the most susceptible jobs, provide indications on
health surveillance and the advantages/disadvantages of vaccination/non-vaccination,
and ensure that vaccinations are carried out based on exposure.

The implementation of vaccination strategies in professional environments can be
useful in contributing to the “creation and maintenance of a safe and healthy work environ-
ment for all”, as stated in the International Commission on Occupational Health (ICOH),
pursuant to Legislative Decree 81/2008 [76,77].

With regard to tetanus vaccination, according to Law No. 292 of 5 March 1963, this
is mandatory for certain categories of workers (shepherds, farm workers, waste collec-
tion/disposal workers) [78], i.e., for those who work in open environments and who are
particularly at risk of infection.

The categories of workers for whom specific vaccinations are recommended, includ-
ing whooping cough vaccination, are identified within the National Vaccine Plan (NVP)
2017-2019, whose validity was extended until the end of 2021 (due to the exceptional con-
ditions caused by the COVID-19 pandemic, by resolution of the State-Regions Conference
of 25 March 2021). In particular, the categories of those who are entitled to the pertussis
vaccination are represented by [32]:

e  Staff working in neonatal wards;
e  Nursery staff and all other staff who care for infants;
e Immunocompromised individuals.

Recently, medical and public health institutions, such as the Advisory Committee on
Immunization Practices (ACIP), have recommended the administration of a dTap booster
dose to healthcare workers (particularly those exposed to newborns, infants, and pregnant
women), regardless if they received any previous doses of the vaccine, to reduce the risk of
infection and transmission of pertussis [29].

Vaccination of healthcare workers in contact with immunocompromised patients,
newborns, and infants, as well as pregnant women in the third trimester and mothers after
childbirth, referred to as the “cocooning” strategy, prevents the development of the disease
in both the workers and the more-susceptible population at high risk of contracting the
disease [79,80].

10. Conclusions

An efficient vaccination system involves detailed planning of the vaccination interven-
tion, high coverage for all age groups, and, as noted above, a reduced risk for infants and
young children of contracting severe forms of pertussis.

To achieve the objectives listed above, it is necessary to recognize the usefulness of
receiving vaccination throughout the life course, administering the dTap vaccine early
and quickly, and promoting the 10-year booster in different groups of the population and
especially in those most susceptible to infection (the elderly, pregnant women, adoles-
cents [81,82], immunocompromised persons [83]). The last category of individuals, having
reduced responsiveness to vaccination and/or shorter duration of protection, require
special attention from occupational and public health professionals.

The current vaccination system lacks some aspects:
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e There is an absence of an active call for vaccination by the local health authority to
administer the dTap vaccine: the anti-pertussis vaccination is included in the Essential
Levels of Care, and for this reason, its administration requires an active offer by the
local health authority, which is currently absent.

There is a lack of adequate citizen-worker involvement.

There is insufficient involvement of pregnant women by gynecologists and obstetri-
cians, as well as insufficient information during childbirth classes (vaccination from
the 27th to the 36th week of pregnancy).

However, these critical issues could be improved through the implementation of
certain strategies:

e  Obtainment of an adequate National Vaccine Database, which would allow the identi-
fication of the subjects who have been immunized against whooping cough and the
right supply of the vaccine proportional to the number of citizens eligible for vaccina-
tion. The current inadequate surveillance and monitoring system for the disease can
be improved by obtaining a consensus from scientific societies and institutions.

e Improved involvement of medical doctors and specialists that regularly care for
at-risk individuals, such as gynecologists, obstetricians, general practitioners, and
occupational physicians.

e  Definition of guidelines that provide indications on how to actively call for vaccination,
especially in relation to adult and elderly patients (for whom regional and national
coverage rates, which regulate this aspect, are absent).

e  Compulsory medical certification is required to practice competitive and non-competitive
sports activities and attend swimming pools, gyms, fitness centers, sports halls,
etc. [29,32].

e  Spreading of vaccination culture, through the spread of the vaccination message to all
regions, as suggested in the document “Recommendations of the strategic nucleus of
the NITAG Prevention Plan 2020-2022", to reach vaccination coverage goals, set by
the Ministry of Health, and support public health.

e  Better involvement of citizens in vaccination practice, through the implementation
of awareness campaigns aimed at adolescents, young adults, and adults [84,85], and
through the administration of dTap vaccine within vaccination campaigns or the
organization of specific vaccination events within workplaces [29,32,81,86].

For example, in Sicily, the recommendation of the anti-pertussis vaccination was
promoted thanks to its inclusion within the annual flu campaign (recommendations for the
influenza season 2020/2021) [81,86,87], giving the possibility to the categories expected, by
the National Vaccination Plan, to receive the administration of both vaccines by general
practitioners or pharmacists.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ijerph19074412 /s1, Table S1: Composition and brand of available
dTap, DTPa-IPV and dTpa-IPV vaccines (number of pertussis antigens).

Author Contributions: All authors equally contributed to all sections of the paper. All authors to
have read and agreed to the published version of the manuscript.

Funding: The editorial process was supported by Prex and funded by Sanofi, Italy.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the fact that this is an Expert’s Opinion paper based on published data.

Acknowledgments: We thank Silvia Greco for writing and editorial assistance with the manuscript.

Conflicts of Interest: All the authors declare that they received a grant from Sanofi for writing this
paper. G.G. reports grants from Sanofi Pasteur MSD, GSK Biologicals SA, Pfizer, Sanofi Pasteur Italy,
MSD Italy, Emergent BioSolutions, and Seqirus for taking part in advisory boards, expert meetings,
acting as a speaker and/or organizer of meetings/congresses, and acting as principal investigator
and chief of OU in RCTs. P.D. declares grants from DiaSorin Spa, Med-Ex Learning, Sanofi Spa, and


https://www.mdpi.com/article/10.3390/ijerph19074412/s1
https://www.mdpi.com/article/10.3390/ijerph19074412/s1

Int. |. Environ. Res. Public Health 2022, 19, 4412 12 of 15

Sintesi Spa for taking part in advisory boards/expert meetings, acting as a speaker and/or organizer
of meetings/congresses, and professional advice and scientific consulting. IC, SG, and CC declare no
conflicts of interest. M.C. reports grants from Pfizer, GSK, Sanofi, MSD, and Seqirus for taking part in
advisory boards and meetings/congresses.

References

1. Cherry, J.D. The epidemiology of pertussis: A comparison of the epidemiology of the disease pertussis with the epidemiology of
Bordetella pertussis infection. Pediatrics 2005, 115, 1422-1427. [CrossRef] [PubMed]

2. European Centre for Disease Prevention and Control. Expert Consultation on Pertussis. 2014. Available online: https://www.
ecdc.europa.eu/en/publications-data/expert-consultation-pertussis (accessed on 23 September 2021).

3.  Center for Disease Control and Prevention. Epidemiology and Prevention of Vaccine-Preventable Diseases. 2015. Available
online: https://www.cdc.gov/vaccines/pubs/pinkbook/index.html (accessed on 15 December 2021).

4.  Kilgore, PE.; Salim, A.M.; Zervos, M.].; Schmitt, H.]. Pertussis: Microbiology, Disease, Treatment, and Prevention. Clin. Microbiol.
Rev. 2016, 29, 449-486. [CrossRef] [PubMed]

5. Center for Disease Control and Prevention. Pertussis (Whooping Cough) Fast Facts. 2017. Available online: https://www.cdc.
gov /pertussis/fast-facts.html (accessed on 23 March 2021).

6. Paddock, C.D.; Sanden, G.N.; Cherry, ].D.; Gal, A.A.; Langston, C.; Tatti, KM.; Wu, K.H.; Goldsmith, C.S.; Greer, PW.; Montague,
J.L.; et al. Pathology and pathogenesis of fatal Bordetella pertussis infection in infants. Clin. Infect. Dis. 2008, 47, 328-338.

7. Gabutti, G.; Rota, M.C.; Bonato, B.; Pirani, R.; Turla, G.; Cucchi, A.; Cavallaro, A. Hospitalizations for pertussis in Italy, 1999-2009:
Analysis of the hospital discharge database. Eur. J. Pediatr. 2012, 171, 1651-1655, Erratum in: Eur. J. Pediatr. 2013, 172, 1425.
[CrossRef] [PubMed]

8. Murray, E.L.; Nieves, D.; Bradley, ].S.; Gargas, J.; Mason, W.H.; Lehman, D.; Harriman, K.; Cherry, ].D. Characteristics of Severe
Bordetella pertussis Infection Among Infants < 90 Days of Age Admitted to Pediatric Intensive Care Units—Southern California,
September 2009-June 2011. J. Pediatric Infect. Dis. Soc. 2013, 2, 1-6, Erratum in: J. Pediatric Infect. Dis. Soc. 2013, 2, 187-238.
[CrossRef] [PubMed]

9. Paksu, M.S.; Akglin, M.; Karadag, A.; Asilioglu, N.; Belet, N.; Sensoy, G. Fulminant pertussis in very young infants: Two cases
and review of the literature. Turk. J. Pediatr. 2013, 55, 426-429.

10. Meulen, A.S.-T.; Duclos, P; McIntyre, P.; Lewis, K.D.; Damme, P.V.; O’Brien, K.L.; Klugman, K.P. Assessing the Evidence for
Maternal Pertussis Inmunization: A Report From the Bill & Melinda Gates Foundation Symposium on Pertussis Infant Disease
Burden in Low- and Lower-Middle-Income Countries. Clin. Infect. Dis. 2016, 1, S123-S133.

11.  Cherry, ].D. Pertussis in Young Infants throughout the World. Clin. Infect. Dis. 2016, 1, S119-5S122. [CrossRef] [PubMed]

12.  Edwards, K.M.; Decker, M.D. Pertussis vaccine. In Plotkin’s Vaccines, 7th ed.; Saunders: Philadelphia, PA, USA, 2018.

13.  Merdrignac, L.; Belghiti, F.A.E.; Pandolfi, E.; Jané, M.; Murphy, J.; Fabianova, K.; Cenoz, M.G.; Flem, E.; Guillot, S.; Tozzi, A.E.;
et al. Incidence and severity of pertussis hospitalisations in infants aged less than 1 year in 37 hospitals of six EU/EEA countries,
results of PERTINENT sentinel pilot surveillance system, December 2015 to December 2018. Eurosurveillance 2021, 26, 1900762.
[CrossRef] [PubMed]

14. Brosio, F.; Kuhdari, P.; Cocchio, S.; Stefanati, A.; Baldo, V.; Gabutti, G. Impact of pertussis on the Italian population: Analysis of
hospital discharge records in the period 2001-2004. Int. J. Infect. Dis. 2020, 91, 143-148. [CrossRef] [PubMed]

15.  European Centre for Disease Prevention and Control. Pertussis. Annual Epidemiological Report for 2018. 2020. Available online:
https:/ /www.ecdc.europa.eu/sites/default/files/documents/AER_for 2018_pertussis.pdf (accessed on 23 September 2021).

16. Hodder, S.L.; Cherry, ].D.; Mortimer, E.A,, Jr.; Ford, A.B.; Gornbein, J.; Papp, K. Antibody responses to Bordetella pertussis
antigens and clinical correlations in elderly community residents. Clin. Infect. Dis. 2000, 31, 7-14. [CrossRef] [PubMed]

17.  Cherry, ].D.; Heininger, U. Pertussis and other Bordetella infections. In Textbook of Pediatric Infectious Diseases, 5th ed.; WB Saunders
Co: Philadelphia, PA, USA, 2004; pp. 1588-1608.

18. Rothstein, E.; Edwards, K. Health burden of pertussis in adolescents and adults. Pediatr. Infect. Dis. ]. 2005, 24, S44-S47. [CrossRef]

19. Crowcroft, N.S.; Pebody, R.G. Recent developments in pertussis. Lancet 2006, 367, 1926-1936. [CrossRef]

20. Leung, A K, Robson, W.L.; Davies, H.D. Pertussis in adolescents. Adv. Ther. 2007, 24, 353-361. [CrossRef] [PubMed]

21. Wood, N.; McIntyre, P. Pertussis: Review of epidemiology, diagnosis, management and prevention. Paediatr. Respir. Rev. 2008, 9,
201-211. [CrossRef] [PubMed]

22. Macina, D.; Evans, K.E. Bordetella pertussis in School-Age Children, Adolescents and Adults: A Systematic Review of Epidemiol-
ogy and Mortality in Europe. Infect. Dis. Ther. 2021, 10, 2071-2118. [CrossRef] [PubMed]

23. Pebody, R.G.; Gay, N.J.; Giammanco, A.; Baron, S.; Schellekens, J.; Tischer, A.; Olander, R.M.; Andrews, N.J.; Edmunds, W.].;
Lecoeur, H.; et al. The seroepidemiology of Bordetella pertussis infection in Western Europe. Epidemiol. Infect. 2005, 133, 159-171.
[CrossRef] [PubMed]

24. Echaniz-Aviles, G.; Garcia-Cisneros, S.; Sanchez-Aleman, M.A.; Olamendi-Portugal, M.; Romero-Martinez, M.; Deantonio,

R.; Cervantes-Apolinar, M.Y.; Ortega-Barria, E.; Cortes-Alcala, R.; Alpuche-Aranda, C.M. Estimating Bordetella pertussis
seroprevalence in adolescents and young adults in Mexico using the 2012 National Health and Nutrition Survey (ENSANUT).
Vaccine 2021, 39, 5839-5844. [CrossRef]


http://doi.org/10.1542/peds.2004-2648
http://www.ncbi.nlm.nih.gov/pubmed/15867059
https://www.ecdc.europa.eu/en/publications-data/expert-consultation-pertussis
https://www.ecdc.europa.eu/en/publications-data/expert-consultation-pertussis
https://www.cdc.gov/vaccines/pubs/pinkbook/index.html
http://doi.org/10.1128/CMR.00083-15
http://www.ncbi.nlm.nih.gov/pubmed/27029594
https://www.cdc.gov/pertussis/fast-facts.html
https://www.cdc.gov/pertussis/fast-facts.html
http://doi.org/10.1007/s00431-012-1791-8
http://www.ncbi.nlm.nih.gov/pubmed/22790868
http://doi.org/10.1093/jpids/pis105
http://www.ncbi.nlm.nih.gov/pubmed/26619437
http://doi.org/10.1093/cid/ciw550
http://www.ncbi.nlm.nih.gov/pubmed/27838663
http://doi.org/10.2807/1560-7917.ES.2021.26.4.1900762
http://www.ncbi.nlm.nih.gov/pubmed/33509338
http://doi.org/10.1016/j.ijid.2019.10.027
http://www.ncbi.nlm.nih.gov/pubmed/31678191
https://www.ecdc.europa.eu/sites/default/files/documents/AER_for_2018_pertussis.pdf
http://doi.org/10.1086/313913
http://www.ncbi.nlm.nih.gov/pubmed/10913389
http://doi.org/10.1097/01.inf.0000160912.58660.87
http://doi.org/10.1016/S0140-6736(06)68848-X
http://doi.org/10.1007/BF02849904
http://www.ncbi.nlm.nih.gov/pubmed/17565926
http://doi.org/10.1016/j.prrv.2008.05.010
http://www.ncbi.nlm.nih.gov/pubmed/18694712
http://doi.org/10.1007/s40121-021-00520-9
http://www.ncbi.nlm.nih.gov/pubmed/34435338
http://doi.org/10.1017/S0950268804003012
http://www.ncbi.nlm.nih.gov/pubmed/15724723
http://doi.org/10.1016/j.vaccine.2021.08.063

Int. |. Environ. Res. Public Health 2022, 19, 4412 13 of 15

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Launay, O.; Toneatti, C.; Bernede, C.; Njamkepo, E.; Petitprez, K.; Leblond, A.; Larnaudie, S.; Goujon, C.; Ungeheuer, M.N.; Ajana,
F; et al. Antibodies to tetanus, diphtheria and pertussis among healthy adults vaccinated according to the French vaccination
recommendations. Hum. Vaccin. 2009, 5, 341-346. [CrossRef] [PubMed]

Gabutti, G.; Azzari, C.; Bonanni, P;; Prato, R.; Tozzi, A.E.; Zanetti, A.; Zuccotti, G. Pertussis. Hum. Vaccin. Immunother. 2015, 11,
108-117. [CrossRef] [PubMed]

Schwartz, K.L.; Kwong, J.C.; Deeks, S.L.; Campitelli, M.A.; Jamieson, F.B.; Marchand-Austin, A.; Stukel, T.A.; Rosella, L.; Daneman,
N.; Bolotin, S.; et al. Effectiveness of pertussis vaccination and duration of immunity. CMA] 2016, 188, E399-E406. [CrossRef]
[PubMed]

Weinberger, B.; Keller, M.; Putzer, C.; Breitenberger, D.; Koller, B.; Fiegl, S.; Moreno-Villanueva, M.; Bernhardyt, J.; Franceschi, C.;
Voutetakis, K.; et al. Protection against Tetanus and Diphtheria in Europe: The impact of age, gender and country of origin based
on data from the MARK-AGE Study. Exp. Gerontol. 2018, 105, 109-112. [CrossRef] [PubMed]

Liang, J.L.; Tiwari, T.; Moro, P.; Messonnier, N.E.; Reingold, A.; Sawyer, M.; Clark, T.A. Prevention of Pertussis, Tetanus, and
Diphtheria with Vaccines in the United States: Recommendations of the Advisory Committee on Immunization Practices (ACIP).
MMWR Recomm. Rep. 2018, 67, 1-44. [CrossRef] [PubMed]

Istituto Superiore di Sanita. Pertosse. Aspetti Epidemiologici. Available online: https://www.epicentro.iss.it/pertosse/
epidemiologia (accessed on 12 December 2021).

World Health Organization. WHO Position Paper: Pertussis Vaccines. Available online: https://www.who.int/publications/i/
item/WER9035 (accessed on 15 March 2021).

Ministero della Salute. Piano Nazionale Prevenzione Vaccinale 2017-2019. Available online: https:/ /www.salute.gov.it/portale/
vaccinazioni/dettaglioContenutiVaccinazioni.jsp?lingua=italiano&id=4828&area=vaccinazioni&menu=vuoto (accessed on
23 September 2021).

Tan, T.; Dalby, T.; Forsyth, K.; Halperin, S.A.; Heininger, U.; Hozbor, D.; Plotkin, S.; Ulloa-Gutierrez, R.; Konig, C.H.W.V. Pertussis
across the globe: Recent epidemiologic trends from 2000-2013. Pediatr. Infect. Dis. ]. 2015, 34, e222-e232. [CrossRef] [PubMed]
Vittucci, A.C.; Vennaruzzi, V.S.; Grandin, A.; Russo, C.; Lancella, L.; Tozzi, A.E.; Bartuli, A.; Villani, A. Pertussis in infants: An
underestimated disease. BMC Infect. Dis. 2016, 16, 414. [CrossRef]

Palazzo, R.; Carollo, M.; Fedele, G.; Rizzo, C.; Rota, M.C.; Giammanco, A.; lannazzo, S.; Ausiello, C.M.; Sero-Epidemiology
Working Group. Evidence of increased circulation of Bordetella pertussis in the Italian adult population from seroprevalence data
(2012-2013). J. Med. Microbiol. 2016, 65, 649—-657. [CrossRef] [PubMed]

Weinberger, B. Adult vaccination against tetanus and diphtheria: The European perspective. Clin. Exp. Immunol. 2017, 187, 93-99.
[CrossRef]

WHO. Pertussis. Available online: https:/ /www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_
type/passive/pertussis/en/ (accessed on 23 September 2021).

WHO. Pertussis Vaccines: WHO Position Paper-August 2015. Wkly. Epidemiol. Rec. 2015, 90, 433—460.

Forsyth, K.D.; Campins-Marti, M.; Caro, J.; Cherry, ].D.; Greenberg, D.; Guiso, N.; Heininger, U.; Schellekens, J.; Tan, T.; Konig,
C.H.V; et al. New pertussis vaccination strategies beyond infancy: Recommendations by the global pertussis initiative. Clin.
Infect. Dis. 2004, 39, 1802-1809. [CrossRef] [PubMed]

Riffelmann, M.; Kénig, CH.W.V,; Caro, V.; Guiso, N.; Pertussis PCR Consesus Group. Nucleic Acid amplification tests for
diagnosis of Bordetella infections. J. Clin. Microbiol. 2005, 43, 4925-4929. [CrossRef] [PubMed]

Schellekens, J.; Kénig, C.H.V,; Gardner, P. Pertussis sources of infection and routes of transmission in the vaccination era. Pediatr.
Infect. Dis. ]. 2005, 24, S19-524. [CrossRef] [PubMed]

Wendelboe, A.M.; Rie, A.V.; Salmaso, S.; Englund, J.A. Duration of immunity against pertussis after natural infection or
vaccination. Pediatr. Infect. Dis. . 2005, 24, S58-S61. [CrossRef] [PubMed]

Kretsinger, K.; Broder, K.R.; Cortese, M.M.; Joyce, M.P; Ortega-Sanchez, I.; Lee, G.M.; Tiwari, T.; Cohn, A.C,; Slade, B.A.; Iskander,
J.K.; et al. Preventing tetanus, diphtheria, and pertussis among adults: Use of tetanus toxoid, reduced diphtheria toxoid and
acellular pertussis vaccine recommendations of the Advisory Committee on Immunization Practices (ACIP) and recommendation
of ACIP, supported by the Healthcare Infection Control Practices Advisory Committee (HICPAC), for use of Tdap among
health-care personnel. MMWR Recomm. Rep. 2006, 55, 1-37. [PubMed]

Forsyth, K.D.; Konig, CH.W.V,; Tan, T.; Caro, ].; Plotkin, S. Prevention of pertussis: Recommendations derived from the second
Global Pertussis Initiative roundtable meeting. Vaccine 2007, 25, 2634-2642. [CrossRef] [PubMed]

Lavine, J.; Broutin, H.; Harvill, E.T.; Bjernstad, O.N. Imperfect vaccine-induced immunity and whooping cough transmission to
infants. Vaccine 2010, 29, 11-16. [CrossRef] [PubMed]

Gabutti, G.; Rota, M.C. Pertussis: A review of disease epidemiology worldwide and in Italy. Int. ]. Environ. Res. Public Health
2012, 9, 4626—4638. [CrossRef] [PubMed]

World Health Organization. The Immunological Basis for Immunization Series: Module 4: Pertussis, Update 2017. Available
online: https://apps.who.int/iris/handle /10665/259388 (accessed on 23 September 2021).

Martinon-Torres, F.; Heininger, U.; Thomson, A.; Konig, C.H.W.V. Controlling pertussis: How can we do it? A focus on
immunization. Expert Rev. Vaccines 2018, 17, 289-297. [CrossRef] [PubMed]

Calendario Vaccinale per la Vita. 4 Edizione. 2019. Available online: http://www.igienistionline.it/docs/2019/21cvplv.pdf
(accessed on 23 September 2021).


http://doi.org/10.4161/hv.5.5.7575
http://www.ncbi.nlm.nih.gov/pubmed/19221513
http://doi.org/10.4161/hv.34364
http://www.ncbi.nlm.nih.gov/pubmed/25483523
http://doi.org/10.1503/cmaj.160193
http://www.ncbi.nlm.nih.gov/pubmed/27672225
http://doi.org/10.1016/j.exger.2017.08.037
http://www.ncbi.nlm.nih.gov/pubmed/29017961
http://doi.org/10.15585/mmwr.rr6702a1
http://www.ncbi.nlm.nih.gov/pubmed/29702631
https://www.epicentro.iss.it/pertosse/epidemiologia
https://www.epicentro.iss.it/pertosse/epidemiologia
https://www.who.int/publications/i/item/WER9035
https://www.who.int/publications/i/item/WER9035
https://www.salute.gov.it/portale/vaccinazioni/dettaglioContenutiVaccinazioni.jsp?lingua=italiano&id=4828&area=vaccinazioni&menu=vuoto
https://www.salute.gov.it/portale/vaccinazioni/dettaglioContenutiVaccinazioni.jsp?lingua=italiano&id=4828&area=vaccinazioni&menu=vuoto
http://doi.org/10.1097/INF.0000000000000795
http://www.ncbi.nlm.nih.gov/pubmed/26376316
http://doi.org/10.1186/s12879-016-1710-0
http://doi.org/10.1099/jmm.0.000264
http://www.ncbi.nlm.nih.gov/pubmed/27075481
http://doi.org/10.1111/cei.12822
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/passive/pertussis/en/
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/passive/pertussis/en/
http://doi.org/10.1086/426020
http://www.ncbi.nlm.nih.gov/pubmed/15578403
http://doi.org/10.1128/JCM.43.10.4925-4929.2005
http://www.ncbi.nlm.nih.gov/pubmed/16207944
http://doi.org/10.1097/01.inf.0000160909.24879.e6
http://www.ncbi.nlm.nih.gov/pubmed/15876919
http://doi.org/10.1097/01.inf.0000160914.59160.41
http://www.ncbi.nlm.nih.gov/pubmed/15876927
http://www.ncbi.nlm.nih.gov/pubmed/17167397
http://doi.org/10.1016/j.vaccine.2006.12.017
http://www.ncbi.nlm.nih.gov/pubmed/17280745
http://doi.org/10.1016/j.vaccine.2010.10.029
http://www.ncbi.nlm.nih.gov/pubmed/21034823
http://doi.org/10.3390/ijerph9124626
http://www.ncbi.nlm.nih.gov/pubmed/23330226
https://apps.who.int/iris/handle/10665/259388
http://doi.org/10.1080/14760584.2018.1445530
http://www.ncbi.nlm.nih.gov/pubmed/29482390
http://www.igienistionline.it/docs/2019/21cvplv.pdf

Int. |. Environ. Res. Public Health 2022, 19, 4412 14 of 15

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

73.

74.

Decreto del Presidente della Repubblica 7 Novembre 2001, n. 464. Regolamento Recante Modalita di Esecuzione delle Rivacci-
nazioni Antitetaniche, a Norma Dell’articolo 93, Comma 2, della Legge 23 Dicembre 2000, n. 388. GU n.7 del 09-01-2002. Available
online: http://www.edizionieuropee.it/law /html/69/zn98_01_031322.html (accessed on 23 September 2021).

Stefanelli, P. Pertussis: Identification, Prevention and Control. Adv. Exp. Med. Biol. 2019, 1183, 127-136. [PubMed]

Blasi, F.; Bonanni, P; Braido, F; Gabutti, G.; Marchetti, F.; Centanni, S. The unmet need for pertussis prevention in patients with
chronic obstructive pulmonary disease in the Italian context. Hum. Vaccin. Immunother. 2020, 16, 1-9. [CrossRef] [PubMed]
PNPV 2020-2022: Raccomandazioni del Nucleo Strategico del NITAG. Available online: http://www.quotidianosanita.it/
allegati/allegato2414138.pdf (accessed on 23 September 2021).

Havers, EP.; Moro, P.L.; Hunter, P.; Hariri, S.; Bernstein, H. Use of Tetanus Toxoid, Reduced Diphtheria Toxoid, and Acellular
Pertussis Vaccines: Updated Recommendations of the Advisory Committee on Immunization Practices—United States, 2019.
MMWR. Morb. Mortal. Wkly. Rep. 2020, 69, 77-83. [CrossRef]

Centers for Disease Control and Prevention (CDC). Updated recommendations for use of tetanus toxoid, reduced diphtheria
toxoid, and acellular pertussis vaccine (Tdap) in pregnant women-Advisory Committee on Immunization Practices (ACIP), 2012.
MMWR Morb. Mortal. Wkly. Rep. 2013, 62, 131-135.

Committee Opinion No. 718: Update on Immunization and Pregnancy: Tetanus, Diphtheria, and Pertussis Vaccination. Obstet.
Gynecol. 2017, 130, e153—e157.

Skoff, TH.; Blain, A.E.; Watt, J.; Scherzinger, K.; McMahon, M.; Zansky, S.M.; Kudish, K.; Cieslak, P.R.; Lewis, M.; Shang, N.; et al.
Impact of the US Maternal Tetanus, Diphtheria, and Acellular Pertussis Vaccination Program on Preventing Pertussis in In-fants <
2 Months of Age: A Case-Control Evaluation. Clin. Infect. Dis. 2017, 65, 1977-1983. [CrossRef] [PubMed]

Mazzilli, S.; Tavoschi, L.; Lopalco, P.L. Tdap vaccination during pregnancy to protect newborns from pertussis infection. Ann. Ig.
2018, 30, 346-363.

Benedetto, C.; Carosso, A.; Corezzi, M.; Zotti, C.M.; EBCOG. EBCOG position statement: Vaccination in pregnancy. Eur. J. Obstet.
Guynecol. Reprod. Biol. 2019, 240, 375-376. [CrossRef]

Sukumaran, L.; McCarthy, N.L.; Kharbanda, E.O.; Weintraub, E.S.; Vazquez-Benitez, G.; McNeil, M.M.; Li, R; Klein, N.P;
Hambidge, S.J.; Naleway, A.L.; et al. Safety of tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis and influenza
vaccinations in pregnancy. Obstet. Gynecol. 2015, 126, 1069-1074. [CrossRef] [PubMed]

Ledda, C.; Rapisarda, V.; Maltezou, H.C.; Contrino, E.; Conforto, A.; Maida, C.M.; Tramuto, F; Vitale, F.; Costantino, C. Coverage
rates against vaccine-preventable diseases among healthcare workers in Sicily (Italy). Eur. J. Public Health. 2021, 31, 56. [CrossRef]
Circolare e Raccomandazioni per la Vaccinazione Antinfluenzale in Regione Sicilia 2020/2021. Available online: https://www.
vaccinarsinsicilia.org/assets /uploads/files /da-n.-743.pdf (accessed on 23 September 2021).

Tozzi, A.E.; Rosati, G.V.; Ciarrocchi, G.; Ferrera, G.; Gabutti, G.; Giuffrida, S.; Locuratolo, F.; Marchetti, F.; Mereu, G.; Pellegrino,
A.; et al. Riduzione del rischio di pertosse nel neonato mediante vaccinazione: La strategia cocoon in Italia. Riv. Di Immunol. E
Allergol. Pediatrica 2012, 26, 1-14.

Costantino, C.; Catalano, G.; D’Anna, M.R.; Conforto, A.; Cimino, L.; Maiorana, A.; Vitale, F. Il counselling vaccinale nei corsi
preparto per la promozione della vaccinazione delle donne in gravidanza e delle vaccinazioni del primo anno di vita del bambino.
Il G. Della Vaccinazione 2020, 12, 47-51.

Vojtek, L; Dieussaert, I.; Doherty, M.; Franck, V.; Hanssens, L.; Miller, ].; Bekkat-Berkani, R.; Kandeil, W.; Prado-Cohrs, D.; Vyse, A.
Maternal immunization: Where are we now and how to move forward? |. Ann. Med. 2018, 50, 193-208. [CrossRef]

Raya, B.A.; Edwards, K.M.; Scheifele, D.W.; Halperin, S.A. Pertussis and influenza Immunization during pregnancy: A landscape
review. Lancet Infect. Dis. 2017, 17, €222.

Vilca, L.M.; Cesari, E.; Tura, A.M.; Stefano, A.D.; Vidiri, A.; Cavaliere, A.F,; Cetin, I. Barriers and facilitators regarding influenza
and pertussis maternal vaccination uptake: A multi-center survey of pregnant women. Eur. J. Obstet. Gynecol. Reprod. Biol. 2020,
247,10-15. [CrossRef] [PubMed]

Vilca, L.M.; Sarno, L.; Cesari, E.; Vidiri, A.; Antonazzo, P.; Ravennati, F.; Cavaliere, A.F.; Guida, M.; Cetin, I. Differences between
influenza and pertussis vaccination uptake in pregnancy: A multicenter survey study in Italy. Eur. ]. Public Health 2021, 31,
1150-1157. [CrossRef]

Costantino, C.; Mazzucco, W.; Bonaccorso, N.; Cimino, L.; Conforto, A.; Sciortino, M.; Catalano, G.; D’Anna, M.R.; Maiorana, A.;
Venezia, R.; et al. Educational Interventions on Pregnancy Vaccinations during Childbirth Classes Improves Vaccine Coverages
among Pregnant Women in Palermo’s Province. Vaccines 2021, 12, 1455. [CrossRef] [PubMed]

Filia, A.; Bella, A.; Hunolstein, C.V.; Pinto, A.; Alfarone, G.; Declich, S.; Rota, M.C. Tetanus in Italy 2001-2010: A continuing threat
in older adults. Vaccine 2014, 32, 639-644. [CrossRef] [PubMed]

Rossi, A.; Tasegian, P. Vaccinazioni per 1’eta adulta: Ragioni, opportunita e prospettive. Riv. SIMG 2017, 6, 43-52.

Happy Ageing. Position Paper n 2: Vaccinazioni Dell’adulto/Anziano Nella Stagione 2020-2021. Available online:
http:/ /www.happyageing.it/ wp-content/uploads/2020/10/Position-paper-web-def.pdf (accessed on 23 September 2021).
Ministero della Salute. Le Coperture Vaccinali dell’eta Pediatrica e Dell’adolescente. 2020. Available online: https://www.salute.
gov.it/imgs/C_17_tavole_20_9_7_file.pdf (accessed on 15 March 2021).

Ecarnot, F; Bernabei, R.; Gabutti, G.; Giuffrida, S.; Michel, ].P; Rezza, G.; Maggi, S.; Paolini, D.; Sandri, F. Adult vaccination as the
cornerstone of successful ageing: The case of herpes zoster vaccination. A European Interdisciplinary Council on Ageing (EICA)
expert focus group. Aging Clin. Exp. Res. 2019, 31, 301-307. [CrossRef]


http://www.edizionieuropee.it/law/html/69/zn98_01_031322.html
http://www.ncbi.nlm.nih.gov/pubmed/31321754
http://doi.org/10.1080/21645515.2019.1652517
http://www.ncbi.nlm.nih.gov/pubmed/31403385
http://www.quotidianosanita.it/allegati/allegato2414138.pdf
http://www.quotidianosanita.it/allegati/allegato2414138.pdf
http://doi.org/10.15585/mmwr.mm6903a5
http://doi.org/10.1093/cid/cix724
http://www.ncbi.nlm.nih.gov/pubmed/29028938
http://doi.org/10.1016/j.ejogrb.2019.04.022
http://doi.org/10.1097/AOG.0000000000001066
http://www.ncbi.nlm.nih.gov/pubmed/26444109
http://doi.org/10.1093/eurpub/ckaa179
https://www.vaccinarsinsicilia.org/assets/uploads/files/da-n.-743.pdf
https://www.vaccinarsinsicilia.org/assets/uploads/files/da-n.-743.pdf
http://doi.org/10.1080/07853890.2017.1421320
http://doi.org/10.1016/j.ejogrb.2020.02.007
http://www.ncbi.nlm.nih.gov/pubmed/32044622
http://doi.org/10.1093/eurpub/ckab095
http://doi.org/10.3390/vaccines9121455
http://www.ncbi.nlm.nih.gov/pubmed/34960202
http://doi.org/10.1016/j.vaccine.2013.12.012
http://www.ncbi.nlm.nih.gov/pubmed/24370712
http://www.happyageing.it/wp-content/uploads/2020/10/Position-paper-web-def.pdf
https://www.salute.gov.it/imgs/C_17_tavole_20_9_7_file.pdf
https://www.salute.gov.it/imgs/C_17_tavole_20_9_7_file.pdf
http://doi.org/10.1007/s40520-019-01154-1

Int. |. Environ. Res. Public Health 2022, 19, 4412 15 of 15

75.

76.

77.

78.

79.
80.

81.

82.

83.

84.

85.

86.

87.

Giuffrida, S. A successful experience implementing Herpes Zoster vaccination strategies. Aging Clin. Exp. Res. 2019, 31, 1-3.
[CrossRef]

Decree-Law 9 April 2008. Coordinated Text with Legislative Decree 3 August 2009, n. 106. Consolidated Law on Occupational
Health and Safety. Available online: https:/ /www.ispettorato.gov.it/it-it/strumenti-e-servizi/Documents / TU%2081-08%20-%
20Ed.%20Novembre%?202020.pdf (accessed on 23 September 2021).

Durando, P; Dini, G.; Massa, E.; Torre, G.L. Tackling Biological Risk in the Workplace: Updates and Prospects Regarding
Vaccinations for Subjects at Risk of Occupational Exposure in Italy. Vaccines 2019, 7, 141. [CrossRef]

Law No. 292 of 5 March 1963. Mandatory Anti-TETANUS Vaccination. Available online: https:/ /www.gazzettaufficiale.it/eli/
id/1963/03/27/063U0292/sg (accessed on 23 September 2021).

Healy, C.M. The cocoon strategy. Tex. Med. 2008, 104, 3.

Forsyth, K.; Tan, T.; Kénig, C.H.W.V,; Caro, ].J.; Plotkin, S. Potential strategies to reduce the burden of pertussis. Pediatr. Infect. Dis.
2005, 24, S69-S74. [CrossRef] [PubMed]

Costantino, C.; Amodio, E.; Vitale, F.; Trucchi, C.; Maida, C.M.; Bono, S.E.; Caracci, F.; Sannasardo, C.E.; Scarpitta, F; Vella, C.; et al.
Human Papilloma Virus Infection and Vaccination: Pre-Post Intervention Analysis on Knowledge, Attitudes and Willingness to
Vaccinate Among Preadolescents Attending Secondary Schools of Palermo, Sicily. Int. |. Environ. Res. Public Health 2020, 17, 5362.
[CrossRef] [PubMed]

Costantino, C.; Restivo, V.; Ventura, G.; D’Angelo, C.; Randazzo, M.A.; Casuccio, N.; Palermo, M.; Casuccio, A.; Vitale, F. Increased
Vaccination Coverage among Adolescents and Young Adults in the District of Palermo as a Result of a Public Health Strategy to
Counteract an ‘Epidemic Panic’. Int. ]. Environ. Res. Public Health 2018, 15, 1014. [CrossRef] [PubMed]

Rubin, L.G,; Levin, M.].; Ljungman, P.; Davies, E.G.; Avery, R.; Tomblyn, M.; Bousvaros, A.; Dhanireddy, S.; Sung, L.; Keyserling,
H.; et al. 2013 IDSA clinical practice guideline for vaccination of the immunocompromised host. Clin. Infect. Dis. 2014, 58,
309-318. [CrossRef] [PubMed]

Costantino, C.; Caracci, F; Brandi, M.; Bono, S.E.; Ferro, A.; Sannasardo, C.E.; Scarpitta, F.; Siddu, A.; Vella, C.; Ventura, G.; et al.
Determinants of vaccine hesitancy and effectiveness of vaccination counseling interventions among a sample of the general
population in Palermo, Italy. Hum. Vaccin. Immunother. 2020, 16, 2415-2421. [CrossRef] [PubMed]

Trucchi, C.; Amicizia, D.; Tafuri, S.; Sticchi, L.; Durando, P.; Costantino, C.; Varlese, F,; Silverio, B.D.; Bagnasco, A.M.; Ansaldi, F;
et al. Assessment of Knowledge, Attitudes, and Propensity towards HPV Vaccine of Young Adult Students in Italy. Vaccines 2020,
8, 74. [CrossRef] [PubMed]

Scarpitta, F.; Restivo, V.; Bono, C.M.; Sannasardo, C.E.; Vella, C.; Ventura, G.; Bono, S.; Palmeri, S.; Caracci, F; Casuccio, A.;
et al. The role of the Community Pharmacist in promoting vaccinations among general population according to the National
Vaccination Plan 2017-2019: Results from a survey in Sicily, Italy. Ann. Ig. 2019, 31, 25-35.

Costantino, C.; Casuccio, A.; Sannasardo, C.E.; Vella, C.; Scarpitta, F.; Randazzo, M.A; Foresta, A.; Casuccio, N.; Ventura, G.;
Bono, S.E.; et al. Public health strategies adopted to manage the increase of accesses to vaccination services, as a result of the
application of the law 119/2017. Acta Biomed. 2020, 91, 35-40. [PubMed]


http://doi.org/10.1007/s40520-019-01145-2
https://www.ispettorato.gov.it/it-it/strumenti-e-servizi/Documents/TU%2081-08%20-%20Ed.%20Novembre%202020.pdf
https://www.ispettorato.gov.it/it-it/strumenti-e-servizi/Documents/TU%2081-08%20-%20Ed.%20Novembre%202020.pdf
http://doi.org/10.3390/vaccines7040141
https://www.gazzettaufficiale.it/eli/id/1963/03/27/063U0292/sg
https://www.gazzettaufficiale.it/eli/id/1963/03/27/063U0292/sg
http://doi.org/10.1097/01.inf.0000160917.29723.03
http://www.ncbi.nlm.nih.gov/pubmed/15876930
http://doi.org/10.3390/ijerph17155362
http://www.ncbi.nlm.nih.gov/pubmed/32722442
http://doi.org/10.3390/ijerph15051014
http://www.ncbi.nlm.nih.gov/pubmed/29772848
http://doi.org/10.1093/cid/cit816
http://www.ncbi.nlm.nih.gov/pubmed/24421306
http://doi.org/10.1080/21645515.2020.1728157
http://www.ncbi.nlm.nih.gov/pubmed/32186961
http://doi.org/10.3390/vaccines8010074
http://www.ncbi.nlm.nih.gov/pubmed/32046039
http://www.ncbi.nlm.nih.gov/pubmed/32275265

	Introduction 
	How the Epidemiology of the Disease has Changed over Time 
	Whooping Cough Prevention: The Importance of Vaccination and the Current Scenario in Italy 
	Immunization Strategies 
	Importance of Vaccination for a Pregnant Woman and Strategies to Increase the Willingness to Become Vaccinated during Pregnancy 
	Initiatives Taken at the Regional Level to Promote the Immunization ofPregnant Women 
	Importance of dTap Vaccination in Adults and Dissemination of Vaccination Culture in Adults and the Elderly Population 
	Regional Initiatives 
	The Importance of dTap Vaccination in Workers 
	Conclusions 
	References

