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Abstract
Measles outbreaks were recently reported in Europe due to low immunization rates. In this scenario, identifying the reasons of no
vaccination is crucial to set up strategies to improve immunization rate. A cross-sectional study was conducted to investigate the
determinants of missed vaccination in children living in Southern Italy, during the 2016 outbreak. A standardized face-to-face
questionnaire was used to record demographic data, immunization status, and reasons for missed vaccination. A total of 1141
children (median age 86 months, male 47.2%) was enrolled, 77.8% of the children were adequately vaccinated for age, 6.3%were
incompletely vaccinated for age, and 15.9% did not receive any vaccine dose. Vaccination rate and reasons for not vaccinating
significantly varied according to age, with children ≤ 24 months showing the lowest rate (67.8%). Reasons for not vaccinating
included fear for side effects (51%), presence of underlying chronic conditions (12.2%), skip scheduled appointment (12.2%),
refusal of vaccination (10.3%), acute illnesses (7.2%), and allergy to eggs (4.6%). The presence of underlying condition was a risk
factor for inadequate immunization (p < 0.0001). Only 4.7% of conditions were true contraindications to vaccine administration.

Conclusion: We reported inadequate measles immunization rate in Southern Italy, with lowest rates in children ≤ 2 years or
with underlying conditions. Only a minority had true contraindications to vaccine uptake. Implementation strategies addressed to
health-care professionals and families should focus on the reported determinants to increase measles vaccination coverage.

What is Known:
• Measles is a viral, highly communicable disease, preventable by vaccine.
• Measles elimination in Europe failed as demonstrated by outbreaks in several countries, due to low immunization rates.

What is New:
• Inadequate measles immunization rate due to false contraindications in Southern Italy, with lowest rates in children ≤ 2 years.
• The presence of underlying disease is a risk factor for inadequate immunization.
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Abbreviations
DTaP-HB-IPV-
Hib

Diphtheria/tetanus/pertussis/hepatitis
B/polio/haemophilus influenzae type b

MMR Measles-mumps-rubella
WHO World Health Organization

Introduction

Measles is an acute viral and communicable disease prevent-
able by vaccine and responsible for potentially severe compli-
cations [28]. Despite the availability of a safe vaccine, measles
accounts for about 150,000 deaths annually worldwide [30,
33]. According to the World Health Organization (WHO), a
vaccination coverage of at least 95% of local population is
needed to prevent dissemination and reach measles elimina-
tion [31]. However, despite remarkable progress in reducing
measles incidence, vaccine hesitancy is becoming a major
barrier to reach this goal [24, 26].

Measles elimination in Europe, defined as the interruption
of indigenous transmission of infection for a 12-month period
from all member states [25], was one of the WHO goals by
2015 [31]. This goal failed, as demonstrated by the report of
4484 cases of measles in 30 European countries between
February 2016 and January 2017 [19, 32]. Romania, the
UK, and Italy reported the highest number of cases, with chil-
dren below 5 years of age accounting for more than 40% of
patients [11].

In keeping with these data, a high incidence rate (2.9/
100,000 inhabitants) was recorded in 2016 in Campania
Region, the most crowded region in Southern Italy [12], and
a relevant increase in the hospital admissions due to measles
infection was observed at Regional Referral Centre for
Pediatric Infectious Diseases.

Local surveillance data in a cohort of children living in
Campania region reported that 92% of children below
24 months of age received a first dose of combined measles-
mumps-rubella (MMR) vaccine [13]; however, we hypothe-
sized that the increasing incidence of measles in our region
might be the expression of a further reduction in the immuni-
zation rate.

Identifying the reasons that induce parents and caregivers
to refuse or to skip measles vaccination is of paramount im-
portance to set up effective strategies of implementation of
vaccination coverage.

Primary aims of our study were to evaluate measles immu-
nization rate in children living in Campania Region during the
2016 outbreak and to specifically investigate the determinants
of missed vaccination in this setting.

Materials and methods

Study design and population

This cross-sectional study was carried out between November
1, 2016, and March 3, 2017, in two tertiary care University
Hospitals in Naples, the largest city in Southern Italy with
about 3 million inhabitants. In order to estimate the measles
vaccination coverage, we enrolled a convenience sample of
children aged > 15 months accessing the Department of
Pediatrics of the University of Naples Federico II and of the
University of Campania Luigi Vanvitelli. All families in am-
bulatory care, day hospital, or regular hospitalization were
invited to participate to the study.

A standardized questionnaire was administered face-to-
face by four residents in pediatrics, after receiving par-
ents’ consent, asking information on child demographic
data, presence of underlying chronic conditions, ongoing
chronic treatments, and immunization records. All fami-
lies of children who were not vaccinated or delayed the
second scheduled dose of MMR vaccine were asked to
report the reasons for missed vaccination. It was reported
anonymously.

In addition, we compared the coverage for measles with
that for diphtheria/tetanus/pertussis/hepatitis B/polio/hae-
mophilus influenzae type b (DTaP-HB-IPV-Hib) vaccine to
understand the specific determinants of missed MMR vaccine
administration.

In order to increase data reliability and to reduce reporting
bias, only children whose families exhibited the regional im-
munization record were included in the study.

All data were loaded in a Microsoft Excel® database. This
observational study was approved by the Committee for the
evaluation of clinical studies and by the Ethical Committee of
the University of Campania Luigi Vanvitelli (protocol number
19181/17).

Vaccination coverage and determinants of missed
vaccination

According to the indications provided by Italian Ministry of
Health, a first dose of MMR vaccination is currently recom-
mended for children at 12–15 months of age and a second
dose should be administered in pre-school children between
5 and 6 years [14]. Based on these indications, we distin-
guished children in three categories:

1) BNot vaccinated^: children who did not receive any dose
of MMR vaccine;
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2) BAdequately vaccinated for age^: children who received
one dose between 15 and 72 months of age and two doses
if aged > 72 months;

3) BIncompletely vaccinated for age^: children aged >
72 months who received only one dose of MMR vaccine.

We analyzed the barriers to vaccination and compared the
reported reasons for not vaccinating with the contraindications
and precautions for MMR vaccination reported by the
American Committee of Immunization Practice and the
Centre for Diseases Control and Prevention [29].

In addition, we analyzed the data by dividing the popula-
tion into four age groups (15–24 months, 25–72 months, 73–
120 months, and > 120 months) to explore possible variations
according to child age.

Immunization rate: best- and worst-case scenario

Although the two terms Bvaccination coverage^ and
Bimmunization rate^ are often used as synonymous, we de-
fined the first as the rate of children receiving a vaccine dose
according to schedule, and the second as the immunological
response that confers protection against infection after vaccine
uptake.

From an immunological point of view, a durable pro-
tection against measles infection is conferred by a single
vaccine dose in most people. The second dose is intended
to provide protection to those who fail to respond to the
first one. Children receiving the first dose at 12 months
develop measles antibodies in 93–95% of cases, and chil-
dren getting vaccination at 15 months reach 97–98%.
Administration of two doses of vaccine provides serologic
evidence of immunity in 97–99% of people [1, 27]. About
¼ of children undergoing immunosuppressive treatment
or chemotherapy become susceptible to measles with a
reduction of circulating antibody titers below protective
levels [4].

Taking into account the above premises, we defined a
Bbest-case^ and Bworst-case scenario^ by calculating the
number children who may acquire a complete immunization
against measles after receiving one or two doses of MMR
vaccine.

The Bbest-case scenario^ was calculated considering that
99% of children were immunized after two doses of MMR
vaccine and that children receiving a single dose were poten-
tially vaccinated at 15 months of age and only 2% of them did
not reach immunization against measles.

The Bworst-case scenario^ was calculated starting from
children who did not receive any vaccination dose and apply-
ing the lowest vaccine effectiveness reported in literature
(93% after one dose at 12 months; 97% after two doses). In
the worst-case scenario, we also considered that about 1% of
children < 17 years may lose protection against measles [2].

Statistical analysis

Vaccination coverage was calculated as the proportion of vac-
cinated subjects to the total number of individuals in the cat-
egories studied. Face-to-face interview avoided missing data.

Data are expressed as number and percentage or means ±
standard deviations (SD), as appropriate. Comparison of cat-
egorical and continuous variables was performed using the
chi-square test and the t test, respectively. When the study
groups were more than two, the ANOVA test was used to
compare continuous variables. Chi-square with Fisher’s cor-
rection was used to address any differences for categorical
variables, as needed. Data were further analyzed according
to different age ranges. Univariate and multivariate analysis
of variables influencing the risk of inadequate vaccination was
performed using the logistic regression analysis and Cox’s
regression model. Risk was reported as odds ratio (OR) with
95% confidence intervals (95%CI). Statistical analysis was
performed using the SPSS Statistics software (version 20.0
for Windows; SPSS Inc., Chicago, IL, USA). A p value <
0.05 was considered statistically significant. This study has
been conducted according to the STROBE checklist for
cross-sectional studies (Supplementary table S1).

Results

A total of 1276 families were invited to participate, 5 refused to
answer the questionnaire and 130 could not exhibit the vaccina-
tion records. Finally, 1141 children (median age 86months, male
47.2%) were enrolled (Fig. 1). The overall characteristics of
study population are reported in Table 1.

Vaccination coverage

Five hundred sixty-six children (49.6%) showed a complete
MMR immunization schedule and 181 children (15.9%) did
not receive any MMR dose (Table 1).

The overall measles vaccination coverage of 84.1% (chil-
dren receiving at least one dose) was significantly lower than
the coverage reported for DTaP-HB-IPV-Hib vaccine in chil-
dren aged > 15 months (84.1% vs 97.7%, p < 0.0001). The
difference was even larger if only children with adequate
MMR immunization for age were considered (77.8% vs
97.7%, p < 0.0001). Vaccination coverage significantly varied
according to age group (p = 0.0001), with children aged below
24 months showing the lowest rate (67.8%) (Fig. 2).

The overall estimate of measles immunization rate ranged
between 82.9 and 78.9% according to the Bbest-case^ and
Bworst-case scenario,^ respectively (Table 2).

Among children with inadequate MMR vaccination sched-
ule, only 14.4% of families expressed the intention to vacci-
nate their children in the next future.
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Determinants of missed vaccination

Two hundred sixty-three children (22.2%) were not appropri-
ately vaccinated according to age. Different reasons for not
vaccinating were reported by families, including fear for

MMR vaccine side effects (128, 48.7%), presence of underly-
ing chronic conditions (25, 9.5%), skip/forget a scheduled
appointment (29, 11.0%), overall refuse of vaccination poli-
cies (25, 9.9%), presence of concomitant acute illnesses (18,
6.8%), and allergy to eggs (12, 4.6%). Only one patient was
undergoing chemotherapy during the study period (Fig. 3).
For 13 children, parents refused to report the reasons for omit-
ting vaccination (Fig. 1).

The MMR vaccination coverage in children with underly-
ing chronic conditions was significantly lower if compared to
otherwise healthy children (31.8% vs 79.1%, p < 0.001). The
presence of any underlying chronic condition was a major risk
factor for inadequate measles immunization either in univari-
ate (OR 9.5, 95%CI 4.0 to 22.5, p < 0.0001), and multivariate
analysis (OR 10.8, 95%CI 4.3 to 27.0, p < 0.0001).

Male children had a slightly higher risk of inadequate cov-
erage (OR 1.44, 95%CI 0.88 to 2.3).

The determinants of missed vaccination significantly varied
according to age (p < 0.0001), with the presence of acute illness
being prevalent in children aged < 24 months (35.7%), and an
overall refuse of immunization more common in families of pre-
school children (Fig. 3). The presence of underlying chronic
conditions ranged from 6.1% in children 2–6 years to 13.2% in
those aged > 10 years (Fig. 3). Egg allergy was the reason for not
vaccinating in 10.7% of children < 24months and in 4.6% of the
entire population. However, none of the children had had severe
immune reaction to eggs (Table 3).

Table 1 Characteristics of study
population Characteristics Frequency

Total population (n) 1141
Males (n, %) 602 (47.2)
Median age in months (range) 86 (15–270)
Previous measles infection (n, %) 2 (0.17)
Age groups
≤ 24 months (n, %) 87 (7.6)
25–72 months (n, %) 385 (33.7)
73–120 months (n, %) 304 (26.6)
> 120 months (n, %) 365 (32)
Underlying chronic conditions
Any condition (n, %) 214 (18.7)
Atopy and/or wheezing (n, %) 137 (12)
Severe intermittent asthma (n, %) 36 (3.1)
Immuno/reumatological diseases (e.g., arthritis, immune deficit) (n, %) 10 (0.87)
Gastrointestinal diseases (e.g., celiac diseases, inflammatory bowel diseases) (n, %) 9 (0.78)
Chronic respiratory diseases (e.g., cystic fibrosis, chronic lung diseases) (n, %) 8 (0.70)
Neurological diseases (e.g., seizures, developmental delay) (n, %) 6 (0.52)
Genetic and metabolic diseases (n, %) 3 (0.26)
Type 1 diabetes (n, %) 3 (0.26)
Onco-hematological diseases (n, %) 1 (0.08)
Chronic heart disease (n, %) 1 (0.08)
Measles vaccination coverage
Children receiving 0 dose (n, %) 181 (15.9)
Children receiving 1 dose (n, %) 394 (34.5)
Children receiving 2 doses (n, %) 566 (49.6)
Children not vaccinated (n, %) 181 (15.9)
Children incompletely vaccinated for age (n, %) 72 (6.3)
Children adequately vaccinated for age (n, %) 888 (77.8)

Fig. 1 Study’s sample
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Comparing the reasons reported by families with the indi-
cations of health authorities, only 4.7% of the reasons for not
vaccinating children actually were true contraindications to
MMR vaccination and a further 3% were in the list of condi-
tions requiring special precautions (Supplemental figure S2).

Discussion

Despite the availability of an effective and safe vaccine, mea-
sles is currently spreading throughout Europe due to inade-
quate immunization rate of local population. To ensure
population-based measles herd immunity, at least 92–95% of
subjects need to be vaccinated [20]. We demonstrated that in
the most populous region of Southern Italy, where a measles
outbreak recently occurred, less than 85% of children are ad-
equately vaccinated with an estimated immunization rate
ranging between 79 and 82% according to the worst and
best-case scenario, respectively. The lowest vaccination cov-
erage was found in young children (67.8% below 2 years and
83.6% below 6 years of age) and in those with underlying
chronic conditions. These are actually the categories at higher
risk of severe measles-related complications and death.

The Italian Health Surveillance System (EpiCentro) report-
ed an overall immunization rate of 92% (range 72–95%) sim-
ilar to those recorded in other countries where recent out-
breaks occurred, such as in the USAwhere MMR vaccination
rates ranged between 84 and 92% according to child age [13,
22]. However, the immunization rate in our sample population
living in Southern Italy appeared even lower than that reported
at national level. As a further demonstration of this low im-
munization rate, Campania recorded the first cases of measles
infection during the outbreak started inNovember 2016 (when
the survey began), similarly to what happened in 2002 mea-
sles outbreak when measles incidence increased sharply after
a registration of 65% MMR coverage [8].

In keeping with these data, the US Centre for Diseases
Control and Prevention recently released a warning for
American children traveling to Italy [7]. In this scenario, iden-
tifying the reasons that lead families to skip vaccination is
crucial to set up effective strategies to improve measles im-
munization rate.

About 10% of enrolled families expressed an overall lack
of trust in vaccination policies. As demonstrated by compar-
ing the coverage for MMR to that of DTaP-HB-IPV-Hib vac-
cine, we observed that children belonging to families Bagainst
vaccination^ did not complete any vaccine schedule. The rate

Fig. 2 Measles vaccination coverage in Italian children according to age
range. Children were considered adequately vaccinated for age if received
two doses of MMR or one dose < 6 years, incompletely vaccinated if

received only one dose after 6 years of age and not vaccinated if did
not receive any MMR dose.
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of people Bagainst vaccination^ recorded in our population
appeared significantly higher than that reported in a recent
large survey at national level performed by the Italian
National Institute of Health (about 1% of responders declared
against vaccination) [16]. This large difference between vac-
cine acceptance in Southern Italy and overall national data
might be related to the setting, local socio-educational level
and population income, as previously supported by evidence
in other European countries [5].

The effects of parental beliefs against vaccination were
more evident in pre-school children, accounting for about a
quarter of not vaccinated cases. Although many different fac-
tors may affect this result, the young age of parents and their
source of information likely impact on this decision.

However, the implementation of MMR vaccine appears to
be loaded by further barriers. The fear of MMR-related side
effects was the major reason for not vaccinating children in
our population, accounting for more than half of missed vac-
cination. The adverse effects of the MMR vaccine are usually
mild and self-limited, and serious adverse effects occur in
about 1/million cases. However, the hypothesis of a link be-
tween MMR vaccine and autism spectrum disorders, postulat-
ed by Wakefield and colleagues about 20 years ago, progres-
sively gained public attention. The effects of that weak, biased
and controversial evidence, and, even more, of the fraudulent
dissemination promoted by mass media, directly led to a de-
cline in MMR vaccination rates in many countries [18].

A substantial body of evidence found no link between the
MMRvaccine and autism spectrum disorders and the decrease
in MMR vaccination (or even withdrawal) did not influence
the rate of autism [15, 21]. Taking into account the strength of
current evidence and the benefit of the vaccine, the hypothesis
to conduce a randomized clinical trial to determine whether
the MMR vaccine causes autism has been defined Bunethical^
[3]. A rigorous study conducted in about 95,000 children,
including siblings of autistic children, provided conclusive
evidence on the Black of harmful association^ between
MMR vaccine and autism spectrum disorders [22].
However, to have a relevant impact on public health, true
results should receive the same resonance as the Bbad news^
on vaccines. As a demonstration of the rooted beliefs, in our

population, two families ascribed their child diagnosis of au-
tism to previous MMR uptake.

Egg allergy was reported as a further reason for not vacci-
nating against measles in about 1/20 families, even though
none of the children had ever experienced severe reactions.
Although current measles vaccines are derived from chicken
embryo-fibroblast tissue cultures, there is evidence that chil-
dren with egg allergy are at low risk of anaphylactic reactions
to MMR and may receive measles vaccines without special
precautions [1].

In keeping with our results, other authors identified the
fears regarding vaccine safety as one of the major determi-
nants of low MMR vaccine uptake [6, 16]. In addition, they
reported that the dissatisfaction with the quality of information
surrounding vaccination are linked with parental hesitancy to
have their children vaccinated. The quality of information
disseminated either to health-care workers or to general pop-
ulation is the starting point to reach an adequate coverage.

Several evidences demonstrated the increasing use of so-
cial media to broadcast health information. However, recent
studies reported a considerable and negative impact of mass
media and social networks on immunization practice and
decision-making in Italian population, whereas frequently,
the position of authoritative medical organization has little
impact [9, 10].

In contrast, there is evidence that a trusting relationship
between families and a health-care professional, who take
time to discuss vaccine procedures and concerns, may posi-
tively influence parents’ views on vaccination [23]; in a recent
Italian survey, the vast majority of parents considered the fam-
ily pediatrician as a reliable source of information about vac-
cination [16].

It is relevant that, in our population, less than 5%of conditions
reported by families as reasons for not vaccinating were true
contraindications to MMR vaccine. This is the direct effect of
the lack of knowledge among stakeholders of vaccination poli-
cies and of spreading inaccurate information to families. Children
with underlying chronic conditions, who are exposed to a 9-fold
increased risk of not receiving adequate MMR vaccination, pro-
vide a clear example of the weakness of the role of physicians in
implementing immunization. In two third of those children, the

Table 2 Estimate of measles
immunization rates Characteristics Best-case scenario Worst-case scenario

N % N %

Children not vaccinated 181 15.9 186 15.9

Children not immunized after 1 dose 8 0.70 27 2.30

Children not immunized after 2 doses 6 0.52 17 1.48

Children who lost immunity 1 0.08 10 0.87

Total children not immunized for measles 196 17.2 240 21

Total children immunized for measles 945 82.9 901 78.9
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Fig. 3 Reasons for not vaccinating according to age range

Table 3 Reasons for not
receiving vaccination in the study
population

Reasons Children presenting
each condition

Children not presenting
each condition

Absolute contraindications [29]

Severe allergic reaction (e.g., anaphylaxis) after a
previous dose or to a vaccine component

0 12

Known severe immunodeficiency

Hematologic/solid tumors or chemotherapy 1 0

Congenital immunodeficiency 1 0

Long-term immunosuppressive therapy 3 0

Children with HIV infection (CD4 < 15%) 0 0

Precautions/relative contraindications [29]

Moderate or severe acute illness with or without fever 6 12

Recent (within 11 months) receipt of antibody-containing
blood product

0 0

Thrombocytopenia or thrombocytopenic purpura 1 0

Need for tuberculin skin testing 0 0

Other barriers to immunization

Fear of side effects 0 128

Missed appointments 0 29

Against vaccination 0 25

Other underlying chronic diseases 0 22

Not known 0 13

Total 12 241
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reasons reported by families—and likely validated by health-care
professionals—were not real contraindications to MMR vaccine
uptake.

According to our results, the strategies to improve MMR
immunization rate should address two different audiences:
health-care practitioners and families. Supplemental
Figure S2 reported potential strategies to implement MMR
vaccination in accordance with the barriers identified. An ap-
propriate and updated education should be provided to physi-
cians and other health-care practitioners involved in vaccina-
tion policies and, in parallel, simple, unambiguous, and
straightforward information should be disseminated to general
population in order to improve vaccination uptake.

Despite medical advice and family acceptance of vaccina-
tion, a further 11% of families skip or forget scheduled ap-
pointments in our population, meaning that some children are
unvaccinated due to missed opportunities.

During outbreaks, all health-care practitioners have to offer
vaccination at indicated times, check vaccination schedule of
all patients, and offer Bcatch-up vaccination^ to those who
were not vaccinated at the appropriate time.

This study has some limitations. First, the study population
included children who refer to clinical departments of
Pediatrics rather than involving the overall healthy pediatric
population. In that setting, the proportion of children with
severe conditions (i.e., inflammatory bowel diseases, rheuma-
tologic diseases) might be over-represented in comparison to
other settings and may potentially impact on the overall vac-
cination coverage. However, in order to limit the selection
bias, we enrolled a large pediatric population including chil-
dren in outpatient and inpatient settings. As a demonstration
of the representativeness of the study population, the rate of
children affected by chronic conditions is similar to the overall
pediatric population in Italy, with about 10% of children with
atopy/asthma and less than 5% with other underlying condi-
tions. Although children accessing a tertiary care hospital
might have conditions more severe than those reported in
the overall population (i.e., severe asthma rather than mild-
to-moderate features).

To avoid potential reporting bias, only children exhibiting
the immunization records were included in the study.

In addition, we did not investigate the role of different
health-care workers in suggesting or providing vaccination
to the study population. However, based on previous data
collected in the same setting, we are aware that immunization
is mainly recommended by primary care pediatricians and
physicians working in referral centres (for those with chronic
illnesses), with vaccination centers seeming to have little or no
effect [17]. However, this redundancy of role by physicians
managing children, mainly those with at-risk conditions, has
been identified as a further barrier to vaccine uptake [17].

In conclusion, we reported inadequate measles immuniza-
tion rate in children living in Southern Italy in concomitance

withmeasles outbreak. The vaccination coveragewas lower in
children below 2 years of age and in those with underlying
chronic conditions, who are those potentially exposed to se-
vere complications and death. Only a minority of not vacci-
nated children presented conditions that really contraindicate
vaccination. The fear of MMR-related adverse events, the
inappropriate interpretation of chronic diseases and suspected
allergies as potential contraindications were the main barriers
to MMR vaccine uptake. Strategies to implement MMR vac-
cination should focus on these determinants of missed vacci-
nation to increase measles immunization rate.
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