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ABSTRACT

Despite the introduction of the trivalent vaccine (measles, mumps, rubella) more than 20 years ago,
measles outbreaks have occurred in Europe, including Italy, due to its underutilization. In Italy mandatory
vaccination was established in 2017 (Decree Law 119/2017). This study aimed at evaluating the impact of
mandatory vaccination and determining the trend in vaccination coverage for measles and rubella in Italy.
We retrieved data from the Annual Status Update, a form sent annually by the Italian National Verification
Committee to the Regional Verification Committee for Europe, from 1% January 2013 to 31%
December 2019. Since the beginning of 2013, 14,788 cases of measles have been reported, ranging
from 256 (3.9 x 1,000,000) to 5,397 (88.4 x 1,000,000) compared to 259 rubella cases for the same period.
From 2013 to 2015, vaccination coverage decreased for the first dose of measles (90.4% to 85.3%) and
rubella vaccine (90.3% to 85.2%), but then it increased significantly, reinforced by the Italian Decree Law,
reaching 94.4% in 2019. The trend for the second dose showed a decrease from 2013 to 2016 (84.1% to
82.2% for measles and 83.7% to 82.0% for rubella), but then increased significantly and reached 90.2% in
2019 for measles and 90.0% for rubella. The mandatory vaccination law has resulted in a significant
increase in vaccination coverage for measles and rubella in Italy, and demonstrates encouraging progress
toward the 95% target and the restriction of measles transmission. Special attention should be paid to
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maintaining and further improving vaccination coverage.

Introduction

Two doses of measles and rubella vaccine is the standard for all
National Immunization Programs." Achieving and maintain-
ing high rates of vaccination coverage are key public health
strategies aimed at reducing measles incidence and reaching
the elimination target established by the World Health
Organization (WHO) Regional Committee for Europe.”™
Specifically, the WHO has recommended two doses and
a minimum 95% coverage to reach herd immunity, which
also confers indirect protection on unvaccinated individuals,
and prevents outbreaks.’

Despite the introduction of the trivalent measles, mumps
and rubella (MMR) vaccine in national vaccination sche-
dules more than 20 years ago, its underutilization has
meant that measles outbreaks have still occurred through-
out Europe.’ Indeed, anti-vaccination movements have
become more prominent, fueled by the fear and mistrust
resulting from the vaccine hesitancy phenomenon, which is
defined as a delay in acceptance or refusal of vaccines
despite the availability of vaccination services.””'® During
the first three months of 2014, 1,197 cases of measles were
notified in Europe, with 795 suspected cases reported in
Italy, the country with the highest incidence (60.1% of all
cases).® In 2017, a large epidemic measles outbreak
occurred in Italy, mostly attributable to the decreasing

uptake of measles vaccination, which caused large pockets
of measles-susceptible individuals. As a result, in line with
France and Germany, a mandatory vaccination strategy was
considered, and a new National Vaccine Plan for the years
2017-2019 was approved.'' This was followed by the
National Law 119/2017, which expanded the number of
mandatory vaccinations from four to ten (against polio,
tetanus, diphtheria, pertussis, measles, mumps, rubella,
chickenpox, hepatitis B and Haemophilus influenzae type
b) and introduced administrative penalties for those parents
or individuals who were hesitant about or refused
vaccination.">'* According to this Law, all children under
16 years are required to exhibit proof of mandatory vacci-
nations including measles and rubella, prior to be admitted
to state schools.

Three years after the introduction of mandatory vaccination
law (MLYV), official data show an increase in vaccination cover-
age both at national and regional level, but there are conflicting
issues arising from the legislation. On the one hand, maintain-
ing an optimal level of vaccine coverage is necessary to avoid
a resurgence of the related infectious diseases. On the other
hand, the maintenance of mandatory MMR vaccination is
debatable for ethical and/or political reasons. Within this con-
text, quantifying the impact of the mandatory vaccination law
could provide timely evidence to inform the ongoing political
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debate. Hence, since a comprehensive assessment of its effects
is still lacking, the aim of this study was to evaluate the impact
of mandatory vaccination three years after its introduction and
to determine the trend of MMR vaccinations in Italy by: i)
describing the epidemiological trends in measles and rubella in
Italy between 2013 and 2019; ii) analyzing the coverage rates
for the MMR vaccine at 24 months (first dose) and at 6 years
(full vaccination cycle) of age in Italy from 2013 to 2019; iii)
evaluating changes in the trends in coverage rates, particularly
after the introduction of the aforementioned MVL.

Materials and methods

This observational study describes and analyses vaccination
coverage for measles and rubella in Italy from 1%
January 2013 to 31% December 2019, also taking into
account the epidemiological features of measles and rubella
cases diagnosed in the same period. Data were collected
from the Annual Status Update (ASU), a form sent
annually by the Italian National Verification Committee
(NVC) to the Regional Verification Committee for
Europe, within the project “Actions to support the
National Plan for the Elimination of Measles and
Congenital Rubella.” The form is divided in four sections
(section 1: country measles and rubella profile; section 2:
update of general programme activities by components;
section 3: activities of the National verification Committee
and its Secretariat; section 4: additional data on measles,
rubella and congenital rubella syndrome) plus annexes and
includes five core components: epidemiology, molecular
data, performance of the surveillance system, immunity
data and sustainability of the National Immunization
Programme.»* Immunity data are collected by the
Ministry of Health from the Regions with the respective
administrative territories, whereas data on the incidence
rates of measles and rubella are provided by the Italian
Institute of Health, through the electronic platform used
by the Regions in the National Integrated Surveillance
System for Measles and Rubella. Measles surveillance is
integrated with rubella surveillance, as both measles and
rubella affect the same age groups, have similar symptoms
and can be difficult to distinguish on a clinical basis.
Integrated surveillance requires that cases of suspected
measles that test negative to confirmatory tests are evalu-
ated for rubella and, oppositely, cases of suspected rubella
that test negative to confirmatory tests are checked for
measles.'”

Measles and rubella case definition

Suspected measles cases were considered those with signs
and symptoms consistent with measles clinical criteria
[fever and maculopapular rash and cough or coryza
(runny nose) or conjunctivitis (red eyes)]. Laboratory-
confirmed measles cases were considered those that met
the laboratory criteria for measles case confirmation.
Epidemiologically linked measles cases were those that
had not had adequate laboratory testing and that had

been in contact with a laboratory-confirmed measles case
7-18 days before rash onset.

Suspected rubella cases were considered those with signs
and symptoms consistent with rubella clinical criteria, i.e.
maculopapular rash and cervical, sub-occipital or post-
auricular adenopathy, or arthralgia/arthritis. Laboratory-
confirmed rubella cases were those that met the laboratory
criteria.  for rubella surveillance case confirmation.
Epidemiologically linked rubella cases were defined as sus-
pected cases that had not had adequate laboratory testing and
that had been in contact with a laboratory-confirmed rubella
case 12-23 days prior to disease onset.

According to WHO guidelines and European Decision
2002/253/EC23, measles and rubella cases were classified as
“possible” if the case met only the clinical criteria, “prob-
able” if the case met the clinical criteria plus an epidemio-
logical link or “confirmed” if the case met both clinical and
laboratory criteria.'® The notification of measles and rubella
cases is mandatory in Italy, since they are considered rele-
vant diseases and were included in the second class of
diseases subject to notification obligation by the Decree of
the Ministry of Health of the 15™ of December 1990."

Statistical analysis

Italy is divided into 19 administrative Regions and two auton-
omous provinces (APs). For the purposes of this study, Italy
was divided into three territorial macro-areas containing the
following Regions:'®

e Northern Italy: Piemonte, Valle d’Aosta, Lombardia, AP
of Bolzano, AP of Trento, Veneto, Friuli-Venezia Giulia,
Liguria, Emilia-Romagna;

e Central Italy: Toscana, Umbria, Marche, Lazio;

e Southern Italy and Islands: Abruzzo, Molise, Campania,
Puglia, Basilicata, Calabria, Sicilia, Sardegna.

Epidemiological data on measles and rubella are pre-
sented descriptively. Comparisons of the incidence of
measles cases over time were performed by the x° test.
Immunization coverage was detailed in percentages; its
trends over time were displayed using the rates of vaccine
coverage over the study years. The x> test was used to
analyze differences in vaccine coverage between 2016 (the
last year before the introduction of the MVL) and the
following calendar years. The significance level was set to
p < .05. Analyses were performed with STATA 13
(StataCorp LLC, 4905 Lakeway Drive College Station,
Texas, USA).

Moreover, joinpoint regression models were used to iden-
tify statistically significant changes in trends (increasing/
decreasing) in measles and rubella vaccination coverage during
the period 2013-2019 in Italy. With vaccination coverage rates
as inputs, this model is able to identify the year(s) after which
a significant trend change occurs."” Joinpoint Regression
Programme version 4.8.0.1 was used to perform the analysis
[Joinpoint Regression Program, Version 4.8.0.1 - April 2020;
Statistical Methodology and Applications Branch, Surveillance
Research Program, National Cancer Institute].



Results

Incidence of measles and rubella in Italy from 2013 to
2019

Measles: national level

Since the beginning of 2013, 14,788 cases of measles have been
reported in Italy, ranging from 256 to 5,397 (data not shown).
The age groups most affected were in the range 15-39 years
old. Overall, in the period January 2013 to December 2019,
73.8% of reported cases were laboratory confirmed, 13.0% were
classified as probable cases and 13.2% as possible ones (data not
shown). Transmission occurred in families, nosocomial set-
tings, schools and nomadic settlements.

Compared to 2017, which represented the year with the
highest epidemic peak (88.4 cases per 1,000,000 inhabitants),
the frequency of measles cases among Italian Regions/APs was
significantly lower in 2018 (p < .001) and 2019 (p < .001) (data
not shown).

Measles: regional level

In 2013, the highest level of incidence was observed in the AP
of Bolzano (208.7 per 1,000,000 inhabitants), followed by
Liguria and Piemonte Regions (Table 1). Liguria showed the
highest level of incidence in 2014 with 123.7 cases per
1,000,000 inhabitants, followed by Piemonte, Sardegna and
Emilia-Romagna. The incidence rate decreased in 2015 across
all regions, with the highest level in the AP of Bolzano with 44.4
cases per 1,000,000 inhabitants, and then in 2016 the number
of cases began to rise again with the highest incidence rate
reported for Calabria (61.9 cases/1,000,000 inhabitants), fol-
lowed by Campania, Umbria, and the AP of Trento. The
Region of Lazio reported the highest incidence rate (333.3
cases/1,000,000) in 2017, followed by Abruzzo and Piemonte.
In 2018, about 44% of cases were reported in Sicilia, which also
reported the highest incidence (238.9 cases per 1,000,000 inha-
bitants), while in 2019 the incidence rates decreased dramati-
cally with the highest incidence (87.9 cases per 1,000,000
inhabitants) reported for Lazio (Table 1).

Table 1. Measles incidence (x 1,000,000) in Italy, by Regions.

Region 2013 2014 2015 2016 2017 2018 2019
Piemonte 1485 1195 1.1 114 1441 123 131
Val d’Aosta 39.0 7.8 0.0 0.0 79 238 239
Lombardia 71.2 14.7 8.6 16.4 784 163  41.1
P.A. Bolzano 208.7 213 444 38 42.0 133 113
P.A. Trento 9.4 11.2 00 279 353 3.7 7.4
Veneto 5.1 12.8 5.1 6.7 58.5 7.1 17.3
Friuli-Venezia Giulia 8.2 17.9 2.4 57 13.1 16.5 33
Liguria 1508 1237 4.4 38 35.1 360 116
Emilia-Romagna 229 470 18 182 207 222 350
Toscana 25.0 16.3 2.7 5.6 98.9 241 30.0
Umbria 1.1 1.1 6.7 28.1 92.2 57 10.2
Marche 31.0 25.1 0.0 39 39.7 19.6 9.2
Lazio 0.0 305 59 148 3333 46.1 879
Abruzzo 126.2 13.5 0.0 0.0 1906 684 9.1
Molise 9.6 3.2 0.0 0.0 6.4 00 19.6
Campania 52 2.2 39 287 18.8 53.7 115
Puglia 6.9 17.8 2.0 25 6.2 124 1441
Basilicata 8.7 0.0 0.0 1.7 17.5 14.1 3.6
Calabria 1.5 6.1 1.5 619 519 90.5 4.6
Sicilia 55 1.0 1.0 126 922 2389 128
Sardegna 1.8 63.7 3.6 24 284 49 49
ITALY 40.7 27.0 39 135 88.4 433 255
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Table 2. Rubella incidence (x 1,000,000) in Italy, by Regions.

Region 2013 2014 2015 2016 2017 2018 2019
Piemonte 0.5 1.4 0.2 1.6 23 0.7 0.2
Val d'Aosta 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lombardia 1.7 0.4 0.7 0.6 0.7 0.2 0.3
P.A. Bolzano 2.0 0.0 0.0 3.8 1.4 5.7 3.8
P.A. Trento 0.0 1.9 0.0 0.0 0.0 1.9 0.0
Veneto 0.0 0.2 0.4 0.0 0.6 0.0 0.2
Friuli-Venezia Giulia 4.1 1.6 0.0 0.0 1.6 0.0 0.0
Liguria 0.6 0.0 0.6 0.0 0.0 0.0 0.0
Emilia-Romagna 0.5 0.2 0.2 0.0 0.5 0.0 0.2
Toscana 0.8 0.0 0.0 0.0 0.3 0.0 0.8
Umbria 0.0 0.0 0.0 0.0 1.1 0.0 0.0
Marche 0.0 0.0 0.0 0.0 0.0 0.0 13
Lazio 0.0 0.2 0.2 0.3 2.7 0.7 14
Abruzzo 9.8 0.0 0.0 0.0 0.0 0.0 0.0
Molise 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Campania 0.5 0.2 0.9 1.4 22 0.5 0.0
Puglia 0.0 0.0 0.0 0.5 0.0 0.0 0.0
Basilicata 1.7 1.7 0.0 0.0 0.0 0.0 1.8
Calabria 9.1 2.5 2.5 0.5 1.0 1.0 0.0
Sicilia 0.0 0.0 0.0 0.2 1.0 0.6 0.2
Sardegna 0.0 1.8 0.6 0.6 0.0 0.0 0.0
ITALY 1.2 0.4 0.4 0.5 1.1 0.3 0.3

Rubella: national and regional level

Since the beginning of 2013, 259 cases of rubella have been
reported: 65 in 2013, 26 in 2014, 27 in 2015, 30 in 2016, 68 in
2017,21 in 2018 and 22 in 2019 (data not shown). Overall, 41%
of cases were laboratory confirmed. Incidence rates for each
Region are detailed in Table 2.

Measles vaccination coverage

National level

Coverage for the first dose of measles vaccine in Italy
decreased from 2013 (90.4%) to 2015 (85.3%) -
a remarkable 5.1% difference - after which it increased
consistently, in particular after introduction of the MVL,
reaching 94.4% in 2019. From 2016, increases in annual
percentages reached statistical significance (Table 3).
Considering the second dose, the trend decreased from
2013 (84.1%) to 2016 (82.2%), after which it reversed
from 2017 and reached 90.2% in 2019: again, increases in
annual percentages were statistically significant (Table 3).

The joinpoint model confirmed that the trend in vacci-
nation coverage for the first dose of measles-containing
vaccine from 2013 to 2019 had one break point in 2015
(which was the year in the study period showing the lowest
coverage): from 2013 to 2015 there was a non-significant
reduction in vaccination coverage with an average annual
2.31% decrease; from 2015 to 2019 there was a significant
2.51% increase per year (Figure la).

The trend in vaccination coverage for the second dose of
measles-containing vaccine from 2013 to 2019 showed only
one break point, in 2016 (Figure 1b). From 2013 to 2016, there
was a non-significant reduction in vaccination coverage with
an average annual 0.35% decrease, whereas from 2016 to 2019
there was a significant 2.80% increase per year.

Regional level

Regarding the single Regions/APs in Northern Italy, almost all
of them showed similar trends in vaccination coverage
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Table 3. Percentage of vaccinated children against measles in Italy in 2016 and comparison with the following calendar
years after the introduction of the Decree Law 119/2017.

FIRST DOSE
Year Cohort* Vaccinated p-value
2016 2014: 23553.38 87.3% <0.001
2017 2015: 22700.14 91.8%
2016 2014: 23553.38 87.3% <0.001
2018 2016: 22197.14 93.2%
2017 2015: 22700.14 91.8% <0.001
2018 2016: 22197.14 93.2%
2016 2014: 23553.38 87.3% <0.001
2019 2017: 21655.95 94.4%
2018 2016: 22197.14 93.2% <0.001
2019 2017: 21655.95 94.4%
SECOND DOSE
Year Cohort* Vaccinated p-value
2016 2009: 26794.38 82.2% <0.001
2017 2010: 26483.90 85.7%
2016 2009: 26794.38 82.2% <0.001
2018 2011: 25808.05 89.2%
2017 2010: 26483.90 85.7% <0.001
2018 2011: 25808.05 89.2%
2016 2009: 26794.38 85.7% <0.001
2019 2012: 25441.76 90.2%
2018 2011: 25808.05 89.2% <0.001
2019 2012: 25441.76 90.2%
*Mean value.
a MEASLES - FIRST DOSE b MEASLES - SECOND DOSE
= OBSERVED & * OBSERVED
—— 2013-2015 SLOPE = -2.31 — 2013-2016 SLOPE =-0.35
— 2015-2019 SLOPE = 2.51* — 2016-2019 SLOPE = 2.80*
95 95
g 85 ! % 85 /
75 75
2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019
YEAR YEAR
C RUBELLA - FIRSTDOSE d RUBELLA - SECOND DOSE
= OBSERVED i * OBSERVED
— 2013-2015 SLOPE = -2.32 — 2013-2016 SLOPE = -0.29
— 2015-2019 SLOPE = 2.52* — 2016-2019 SLOPE = 2.80*
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Figure 1. Joinpoint analysis of the trend in vaccination rates for measles and rubella between 2013 and 2019 in Italy. a, trend in vaccination coverage for first dose of
measles vaccine; b, trend in vaccination coverage for second dose of measles vaccine; ¢, trend in vaccination coverage for first dose of rubella vaccine; d, trend in
vaccination coverage for second dose of rubella vaccine. The use of asterisks (*) indicates that the Slope is significantly different from zero at the alpha = 0.05 level. Final
Selected Model: 1 Joinpoint.



SARDEGNA

MOLISE

A\
ABRUZZO

MARCHE

HUMAN VACCINES & IMMUNOTHERAPEUTICS €1950505-5

PIEMONTE

VALLE D'AOSTA

FRIULI-VENEZIA GIULIA

LIGURIA

EMILIA-ROMAGNA
TOSCANA

[ Not available [J<80% []80%-84.9% [185%-89.9% [M90% -94.9% W= 95%

SARDEGNA

b

CALABRIA

MARCHE

UMBRIA

PIEMONTE

VALLE D'AOSTA

FRIULI-VENEZIA GIULIA

LIGURIA

EMILIA-ROMAGNA
TOSCANA

[ Not available [J<80% [180% -84.9% [185%-89.9% [ 90% -94.9% W= 95%

Figure 2. Trends in coverage for first (a) and second (b) dose of measles vaccine (2013-2019) by Region. Each concentric circle represents one year, starting with 2013 in

the center.

(Figure 2), with the exception of the AP of Bolzano where
percentages for both doses were lower and far from the target
established by the WHO (first dose, increasing from 68.9% in
2013 to 75.5% in 2019; second dose, dropping from 73.2% in
2013 to 59.8% in 2015 and then increasing to 78.2% in 2019).
Additionally, the region of Valle d’Aosta experienced the

lowest percentage for the first dose in 2014 (77.6%) and the
highest in 2019 (91.5%).

In central Italy, the Region of Lazio experienced several
reductions in coverage rate between the first and second
doses in any given year (first dose, from 90.9% in 2013 to
84.5 in 2015 and 95.7% in 2019; second dose, from 81.9% in
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Table 4. Percentage of vaccinated children against rubella in Italy in 2016 and
comparison with the following calendar years after the introduction of the Decree
Law 119/2017.

FIRST DOSE

Year Cohort* Vaccinated p-value
2016 2014: 23553.38 87.2% <0.001
2017 2015: 22700.14 91.8%

2016 2014: 23553.38 87.2% <0.001
2018 2016: 22197.14 93.2%

2017 2015: 22700.14 91.8% <0.001
2018 2016: 22197.14 93.2%

2016 2014: 23553.38 87.2% <0.001
2019 2017: 21655.95 94.4%

2018 2016: 22197.14 93.2% <0.001
2019 2017: 21655.95 94.4%

SECOND DOSE

Year Cohort* Vaccinated p-value
2016 2009: 26794.38 82.0% <0.001
2017 2010: 26483.90 85.6%

2016 2009: 26794.38 82.0% <0.001
2018 2011: 25808.05 89.1%

2017 2010: 26483.90 85.6% <0.001
2018 2011: 25808.05 89.1%

2016 2009: 26794.38 82.0% <0.001
2019 2012: 25441.76 90.0%

2018 2011: 25808.05 89.1% <0.001
2019 2012: 25441.76 90.0%

*Mean value.

2013 to 81.0% in 2014 and 85.4% in 2019). Conversely, Umbria
and Marche reported some years with the opposite and greater
shortfalls, where vaccination coverage percentages for the first
dose were lower than those of the second.

The pattern of vaccination coverage appeared heteroge-
neous in Southern Italy and Islands, since several regions
showed percentages that differed from the overall trend in
Italy: in this context, large differences between the first
and second dose were registered by Molise (first dose, from
87.6% in 2013 to 73.5 in 2016 and 93.4% in 2019; second dose,
from 77.1% in 2013 to 59.8% in 2016 and 92.6% in 2019),
Campania (first dose, from 83.7% in 2014 to 80.8 in 2015 and
94.7% in 2019; second dose, from 73.9% in 2014 to 79.0% in
2019), Calabria (first dose, from 87.6% in 2013 to 83.2 in 2014
and 93.1% in 2019; second dose, from 64.9% in 2013 to 91.2%
in 2018 and 78.6% in 2019) and Sicilia (first dose, from 89.0%
in 2013 to 79.2 in 2015 and 92.2% in 2019; second dose, from
54.6% in 2013 to 81.4% in 2019).

In 2019, eight regions exceeded the 95% target for the first
dose.

Rubella vaccination coverage

National level

Coverage for the first dose of rubella vaccine in Italy underwent
a 5.1% decrease from 2013 (90.3%) to 2015 (85.2%), while from
2016 the trend reversed, increasing to 94.4% in 2019. Indeed, from
2016 to 2019, vaccination coverage increased significantly year-on
-year (Table 4). For the second dose, the trend showed a decrease
from 2013 (83.7%) to 2016 (82.0%), but then reversed from 2017

and reached 90.0% in 2019. Again, the annual increases in cover-
age from 2016 were statistically significant (Table 4).

The joinpoint model confirmed one break point in 2015 for
the trend in vaccination coverage for the first dose of rubella
vaccine from 2013 to 2019 (Figure 1c). From 2013 to 2015 there
was a non-significant reduction in vaccination coverage with
an average annual 2.32% decrease, whereas from 2015 to 2019
there was a significant 2.52% increase per year. Conversely, the
trend in vaccination coverage for the second dose of rubella-
containing vaccine from 2013 to 2019 showed one break point
in 2016 (Figure 1d). From 2013 to 2016 there was a non-
significant reduction in vaccination coverage with an average
annual 0.29% decrease, whereas from 2016 to 2019 there was
a significant 2.80% increase per year.

Regional level

At the regional level, almost all Regions/APs in the Northern
area showed similar trends in vaccination coverage, again with
the exception of the AP of Bolzano, whose percentages for both
doses were lower and far short of the WHO target (first dose,
decreasing from 68.9% in 2013 to 75.5% in 2019; second dose,
decreasing from 72.5% in 2013 to 59.8% in 2015 and then
increasing to 77.9% in 2019) (Figure 3). Also, Valle d’Aosta
experienced its lowest percentage coverage for the first dose in
2014 (77.1%) and its highest in 2019 (91.5%).

In central Italy, Lazio experienced a number of shortfalls
between the first and second doses (first dose, decreasing
coverage from 90.9% in 2013 to 84.5% in 2015, then markedly
higher at 95.7% in 2019; second dose, decreasing from 81.9% in
2013 to 81.0% in 2014 and then 85.2% in 2019), whereas
Umbria and Marche have reported for some years with the
opposite and greater differences, since vaccination coverage
percentages for the first dose were lower than those for
the second.

The pattern of vaccination coverage appeared to be hetero-
geneous in Southern Italy and Islands, since more regions have
shown levels of vaccination coverage that differ from the over-
all trend in Italy. In this context, wider differences between the
first and second dose were seen in Molise (first dose, coverage
decreasing from 87.6% in 2013 to 73.5% in 2016, but 93.4% in
2019; second dose, decreasing from 77.1% in 2013 to 50.8% in
2016, and increasing to 92.6% in 2019), Campania (first dose,
decreasing from 83.7% in 2014 to 80.8% in 2015, then 94.7% in
2019; second dose, increasing from 73.9% in 2014 to 78.9% in
2019), Calabria (first dose, down from 87.6% in 2013 to 83.2%
in 2014, then 93.1% in 2019; second dose, ranging from 64.9%
in 2013 to 91.2% in 2018 and 78.6% in 2019) and Sicilia (first
dose, decreasing from 89.0% in 2013 to 79.2% in 2015, but
92.2% in 2019; second dose, ranging from 54.6% in 2013 to
81.4% in 2019).

Discussion

This study describes the epidemiological trends of measles
and rubella cases in Italy from 2013 to 2019 and analyses the
coverage rate for the MMR vaccine over this period, with
a specific focus on any changes in the trend after the intro-
duction of the Decree Law for mandatory vaccination in
2017.
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Figure 3. Trends in vaccination coverage for first (a) and second (b) dose of rubella vaccine (2013-2019) by Region. Each concentric circle represents one year, starting

with 2013 in the center.

Measles cases in Italy, during the period 2013-2019, showed
a cyclical trend with epidemic peaks in 2013 and 2014,
a decrease in the number of cases reported in 2015, a slight
recovery in 2016, and a new high peak of cases in 2017. In
particular, the prevalence of cases among young adults, includ-
ing healthcare workers,”® shows that vaccination coverage in
this age category was insufficient. A similar trend was observed
for rubella, but with a substantially lower incidence. At the

regional level, the incidence of measles cases was heteroge-
neous. In 2013, three Regions reported about 70% of cases. In
2014, the largest number of cases occurred in six Regions,
together comprising 81% of cases. In 2015, approximately
75% of the cases were reported by five Regions whereas in
2016, 80% of reported cases occurred in six Regions and, in
2017, 90% of reported cases were reported by eight Regions.
After introduction of the mandatory vaccination law, the
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distribution pattern of cases throughout the country changed,
such that most outbreaks occurred in just a few Regions.
Indeed, in 2018, Sicily reported 44.2% of cases and in 2019,
two Regions (Lazio and Lombardia) reported over half of cases.

It has been estimated that vaccination against measles has
prevented 21.1 million deaths worldwide from 2000 to 2017.%'
The positive effects of vaccination are so well recognized that
measles was planned for elimination in the Global Vaccine
Action Plan 2015-2020.%* Nevertheless, population vaccination
uptake rates declined throughout Europe so that some coun-
tries were forced to make some vaccinations mandatory. Using
data from the European Center for Disease Prevention and
Control and the World Health Organization, Vaz et al.??
found that mandatory vaccination was associated with a 3.7
(95% confidence interval [CI]: 1.7 to 5.7) percentage point
higher prevalence of measles vaccination when compared
with countries that did not have mandatory vaccination.
Additionally, mandatory vaccination was associated with
decreased measles incidence only for countries without non-
medical exemptions.23 In the Italian context, there are four
main possible reasons for the decrease in vaccination coverage:
i) the austerity measures introduced across Italy from 2010,
causing a special suffering of prevention activities.** In fact, the
Italian regions/APs experiencing the largest drop in MMR
coverage were those where the largest financial cuts
occurred;®® ii) some questionable Court sentences, such as
that which awarded vaccine-injury compensation for a case of
autism;?® iii) the growth of no-vax movements; iv) some deci-
sions of the “Agenzia Italiana del Farmaco,” the Italian
Medicines Agency: for example, that to withdraw some batches
of adjuvanted trivalent influenza vaccine in November 2014,
because of two deaths within 48 hours of vaccine
administration.”” Other reasons that might reinforce vaccine
hesitancy include unsubstantiated opinions about the safety
and side-effects of the MMR vaccine,”®*’ or difficulties comply-
ing with vaccine delivery schedules (i.e., providing multiple
vaccines to young recipients simultaneously and within
a tight time frame).

Two considerations about vaccination coverage, the first at
the national level and the second at the regional level, can be
drawn from our analysis: i) at the national level, for the first
dose of measles or rubella vaccine, the MVL seems to have
reinforced a trend that was already in progress, probably as
a result of the greater attention devoted to the problem and to
the vaccination campaigns after the decrease in coverage
recorded in 2015; for the second dose of measles or rubella
vaccine the National Law seems to have been critical in rever-
sing the trend from decreasing to significantly increasing vac-
cine uptake; ii) at the regional level, prior to the introduction of
the Law, coverage for measles and rubella vaccines was hetero-
geneous. After its implementation, differences in measles vac-
cination coverage among Regions/APs were attenuated:
although a range still persists (from 75.5% in the AP of
Bolzano to 96.1% in Tuscany), in 2019 almost no region had
coverage less than 91% and eight regions had a coverage greater
than 95%, as recommended by the WHO.*

Recently, whether mandatory vaccination for measles,
mumps, rubella and chicken pox should be continued has
been the subject of political debate. An opportunity to

withdraw the requirement for mandatory vaccination was con-
tained within Law 119/2017 itself, with a deadline of three years
(i.e. August 2020) after its implementation. However, accord-
ing to an ad hoc recommendation edited by the NITAG
(National Immunization Technical Advisory Group), full
implementation of the Law, although advanced and implemen-
ted in all Regions, appears still not to be complete; moreover,
the NITAG has suggested that, in the absence of more accurate
information, any consideration is likely also to be incomplete,
exposing policy makers to the risk of making imperfect or
untimely decisions.”” For these reasons, the law has not been
abrogated, but it is worth mentioning that this decision was
taken during the coronavirus disease 2019 (COVID-19) pan-
demic. Public health measures to control this emergency, based
on social distancing and quarantine rules, could cause
decreased access to immunization services. In the United
States, for example, vaccination coverage has decreased for
most vaccinations except for those administered in the hospital
setting.’” In England, MMR vaccination coverage in 2020 was
19.8% lower than in the same period in 2019.”> Restrictive
measures against SARS-CoV-2 also resulted in decreased vac-
cination coverage in Italy.>* In a recent survey, almost all
participating Local Health Authorities claimed to have wit-
nessed a decrease in vaccinations during the COVID-19 emer-
gency, largely because vaccination activities were suspended to
restrict the transmission of SARS-CoV-2 virus in vaccination
centers and because health personnel were reallocated to com-
bat the pandemic.’* Hence, although only 103 measles cases
occurred from 1 January to 31 December 2020 across the whole
of Italy”> probably due also to social distancing and any other
community control measures adopted to control COVID- 19,%¢
but under-diagnoses and under-reporting during the pandemic
should be excluded: continuous monitoring will help to iden-
tify the causes of this phenomenon, mainly when containment
measures are lifted. Moreover, reinstating vaccination pro-
grams will be essential to avoid a resurgence in measles over
the next few years: the main strategies for achieving this natu-
rally include restoring the vaccination services themselves, but
also strengthening communication programmes to address
vaccine misinformation, and expanding routine vaccination
services to reach unvaccinated people.”* Additional strategies
could include: i) expansion of time slots and opening days of
vaccination clinics to increase coverage in all age groups; ii)
activation of mobile teams to support the local offer (especially
for areas with lower population density or disadvantaged
areas); iii) organization of vaccination sessions in schools,
using spaces that comply with anti-COVID measures; iv) orga-
nization of vaccination sessions for adults in outdoor spaces
with a “drive-through” system, already used for SARS-CoV-2
swabs with good results; v) supporting the vaccination of
healthcare workers; vi) supporting vaccinations in women
before and after pregnancy.

This paper has some strengths and limitations. To the best of
our knowledge, this is the first attempt to assess trends and
changes in measles and rubella vaccination coverage at the
national and subnational levels in Italy, with the aim of assessing
the impact of the Law on mandatory vaccination. Indeed, we
provided a comprehensive description of the incidence and the
vaccination coverage rates for measles and rubella in Italy over the



years 2013-2019. Also, we used regional and national data col-
lected through the ASUs and Synthetic Regional Reports, which
are part of the official material annually requested by the WHO
to support the epidemiological analysis and the identification of
weaknesses and strengths in regional elimination plans.”’
Conversely, the main limitation of this study is represented by
the heterogeneity of data between regions. Differences between
regions might relate to disparities in the timing of compliance
with mandatory vaccination requirements due to differences in
the organization of the respective services, or be due to socio-
economic inequalities and different educational approaches.
Decentralization is another factor that could impact prevention
activities leading to significant differences among regional health
services."* Even though these differences are not strictly
a limitation of our approach, but are a consequence of the
peculiarities of the Italian National Health Service, they may
have affected our analysis.

To conclude, this study has shown that the application of
the MVL has resulted in a significant increase in vaccination
coverage for measles and rubella in Italy, with important con-
sequences for the 95% target, and has resulted in the restriction
of measles transmission. Nevertheless, to avoid indirect nega-
tive consequences of the COVID-19 pandemic, special atten-
tion should be paid to the further maintenance and
improvement of MMR vaccination coverage.
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