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ABSTRACT

Developing and implementing new immunization policies in response to shifting epidemiology is
a critical public health component. We adopted a mixed-methods approach (via narrative literature
review [101 articles] and 9 semi-structured interviews) to evaluate policy development in response to
shifting measles epidemiology in six European countries (Italy, Belgium, Germany, Romania, UK, and
Ukraine); where policies and strategies have evolved in response to country-specific disease and vaccina-
tion patterns. Periodic outbreaks have occurred in all countries against a background of declining
measles-containing-vaccine (MCV) uptake and increasing public vaccine hesitancy (with substantial
regional or social differences in measles burden and vaccine uptake). Health-care worker (HCW) vaccine
skepticism is also seen. While many outbreaks arise or involve specific susceptible populations (e.g.,
minority/migrant communities), the broader pattern is spread to the wider (and generally older) popula-
tion; often among incompletely/non-vaccinated individuals as a legacy of previous low uptake.
Immunization policy and strategic responses are influenced by political and social factors, where public
mistrust contributes to vaccine hesitancy. A strong centralized immunization framework (allied with
effective regional implementation and coherent political commitment) can effectively increase uptake.
Mandatory vaccination has increased childhood MCV uptake in Italy, and similar benefits could be
anticipated for other countries considering vaccine mandates. Although possible elsewhere, socio-
political considerations render mandating impractical in other countries, where targeted immunization
activities to bolster routine uptake are more important. Addressing HCW skepticism, knowledge gaps,
improving access and increasing public/community engagement and education to address vaccine
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hesitancy/mistrust (especially in communities with specific unmet needs) is critical.

Introduction

Developing and implementing new immunization policies in
response to shifting epidemiology is a critical component of
public health. The use of measles-containing vaccines (MCVs)
in routine national immunization programs (NIPs) has led to
substantial progress in global control and measles elimination in
high- and low-burden regions." Across Europe, where MCVs
have been available for over 50 years, success has been achieved
through programmatic targets to increase the uptake of the first
dose of measles-containing vaccine (MCVI1) in infants,
and second-dose (MCV2) in older children.>* Supplemental
immunization activities (SIAs) targeting susceptible groups and
individuals who have missed out on scheduled recommended
MCV immunizations are an additional crucial strategy.™* High
vaccination coverage (VC) of >95% for both doses is considered
necessary to achieve the population (herd) immunity threshold
required to achieve and maintain measles elimination; by 2017,
43 (91%) countries/states in Europe had interrupted endemic
measles virus transmission for =12 months, with 37 (70%) hav-
ing verified elimination (defined as sustained interruption of
endemic measles virus transmission or =36 months).>”

Nevertheless, progress in measles control and elimina-
tion has stalled, with a substantial resurgence in Europe
(and indeed globally) in recent years (with more than
a tenfold increase in cases between 2016 and 2018),®> and
it is likely that the current COVID-19 pandemic may lead
to further resurgence. While the dramatic increase was
particularly driven by a substantial outbreak in Ukraine,
the broader trends reflect uneven progress across Europe,
with numerous measles outbreaks observed, with most
cases occurring in unvaccinated or incompletely vaccinated
individuals.>>® MCV uptake in many European countries
has declined over the past decade,” and while influenced by
many factors including vaccine availability and access, this
decline has been accompanied by increasing vaccine hesi-
tancy associated with skepticism and reduced public con-
fidence in vaccines and vaccination policies.>’

A range of policies exist to increase measles vaccine uptake,
including strengthening of existing NIP programs at a regional
or national level, with SIAs and more tailored immunization
programs targeting specific susceptible communities. In addi-
tion, mandatory vaccination policies are in effect in a number
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of European countries, including France, Italy and Germany,
where there is a legal requirement to ensure uptake of recom-
mended pediatric vaccines (including MCV).'012

This study is a narrative analysis of evolving measles epide-
miology and immunization strategies and policies in six
European countries (Italy, Belgium, Germany, Romania, UK,
and Ukraine), each of which presents different approaches and
challenges in measles control. Key drivers and barriers that
govern policy and implementation are also identified.

Methods

A ‘mixed-methods’ approach was adopted, with a literature
review of research across six countries (Italy, Belgium,
Germany, Romania, UK, and Ukraine); country selection was
broadly based on the desire to consider different immunization
system archetypes, e.g., centralized or decentralized immuniza-
tion system or recognized differences in mandatory immuniza-
tion policy, and countries considered in transition, such as
Ukraine. Romania was included as a country with
a substantial measles resurgence in recent years. This was
complemented by semi-structured interviews with key infor-
mants on measles immunization policy from two of these
countries (Italy and UK); each representing different
approaches toward immunization policy and delivery.

Literature search

PubMed and Web of Science databases were searched to iden-
tify literature related to measles epidemiology and disease
burden, the evolution and adaptation of immunization pro-
grams, and potential barriers in the selected countries, using
the following search terms: (immunization OR vaccine hesi-
tancy OR vaccine confidence OR vaccine-preventable disease
OR outbreak response) AND (measles) AND (Germany OR
Italy OR Belgium OR Romania OR United Kingdom OR
Ukraine). Although comprehensive, the literature search was
not systematic. The purpose was to identify relevant publica-
tions to help form a coherent overview of measles burden and
immunization policies, rather than to perform a formal critical
analysis of the published literature.

Results were limited to articles published in English between
2000 and 2020; a period when most European countries have
collected robust data.

Interviews

Semi-structured interviews with experts involved in measles
immunization programs were conducted to provide contextual
insights. Due to resource constraints, interviews were limited
to two countries (Italy and UK) each representing a distinct
model of public health system. A purposeful sampling
approach was adopted, selecting four to five key informants
from each country,"” with informants identified on the basis of
their recognized involvement in measles immunization pro-
grams (ascertained through their publication record and/or
involvement in NIPs) complemented with subsequent referrals
using snowball sampling. Prior to the interviews, informants
completed a structured questionnaire (developed and pre-

tested before use) to gather their perceptions and opinions on
their countries immunization framework and policies to
inform subsequent discussion (Supplementary information).
All interviews were conducted in English by one researcher
(IV) via online video calls or telephone, recorded and tran-
scribed, and evaluated through thematic content analysis,"*
whereby themes were identified and coded, with recurrent
issues raised by multiple informants generating key thematic
categories.

Analysis

Findings from the literature analysis were described from
a narrative perspective to provide a holistic view of the broad
range of topics and issues described in published data, then
summarized in a matrix format to highlight key themes within
and across countries as a framework analysis. Three broad
themes were chosen reflecting the policy triangle of: 1) content
(the nature of the problem that the specific immunization
policy is meant to address), 2) context, and 3) process (orga-
nizational mechanisms/actions required to implement the
policy)."”

Ethical considerations

The qualitative aspect of this study was approved by the MSc
Research Ethics Committee of the London School of Hygiene
& Tropical Medicine (LSHTM) and in compliance with local
ethical requirements within informant countries (Ethics refer-
ence number 21322). All interviewed participants provided
prior informed consent prior to interview and allied data
collection.

Results

The literature search identified 101 articles reviewed and
included in qualitative synthesis and analysis (Figure 1).
A synthesis of key observations drawn from the literature
review is presented below. An overview of measles burden
and shifting epidemiology (much of which is driven by disease
outbreaks) and vaccine uptake,'*" in all six countries is
shown in Figure 2. The evolution of measles vaccine used
across the six countries and the current measles vaccination
schedules *'"** are shown in Figure 3. A narrative of key
aspects of measles immunization policy and disease burden
for each country is as follows.

Italy

Healthcare is decentralized; immunization policy, programs,
and targets are set centrally (at a national level) with responsi-
bility for implementation and delivery at the regional level.**
While some childhood vaccines have been mandatory for
many years (diphtheria, tetanus, hepatitis B and polio) others,
including measles, have — until recently - only been recom-
mended but not compulsory. Measles vaccination (using
MMR) was introduced in the NIP as a recommended child-
hood vaccine in 1999. A 2-dose strategy was implemented in
2003, with MCV1 given at 12-15 months of age and MCV2 at
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Figure 1. Flow diagram for study selection.
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Figure 2. Measles case numbers and vaccine coverage for first and second MCV dose in selected countries 2001-2019. Case numbers as reported by the WHO for 2001-
2019, supplemented by individual WHO-EU measles and rubella elimination country profiles.'®" Vaccine coverage represents official country estimates for 2001-2019
as reported by the WHO."® The red line indicates 95% coverage in the age-eligible target populations.

5-6 years.”” The target of achieving 95% VC for each MCV
dose has yet to be achieved. In 2010, VC for MCV1 was 91%
(and lower for MCV2, although not routinely monitored at
that time), after which a gradual decline was seen (with MCV1
falling to 85-87%, and MCV2 uptake to 83% (2014-16)).>**’
Substantial regional variations were evident, with uptake
greater in the North and lowest in the South.*>?®

While measles cases fell dramatically from 2004 onwards,
numerous outbreaks involving susceptible populations have
occurred, leading to periodic and often marked increases,
notably in 2008, 2011, and 2017.>°7>' While clusters involving
susceptible communities with low vaccine uptake (chiefly
Roma/Sinti communities) are well known *>** and widely
commented upon in the media,>*>® most outbreaks have
involved unvaccinated Italian nationals, in particular infants
<1 year and unvaccinated older children and adults;**'
including health-care workers (HCWSs) who act an important
vector in nosocomial infection.””*® Most recently, a significant
increase occurred in 2017 (5,400 cases), driven by outbreaks
across most of the country, although the greatest burden was in
central regions (especially Lazio) and the North.>' In contrast

to previous outbreaks, Roma/Sinti populations were not
a focus of the 2017 outbreaks; the majority of those affected
were unvaccinated Italian nationals (88%), and 75% were
>15 years of age.”'

In June/July 2017, the government legislated for an addi-
tional six vaccines to become mandatory (against measles,
pertussis, Haemophilus influenzae type b [Hib], mumps,
rubella and varicella). Non-compliance would result in exclu-
sion of unvaccinated children from nurseries and schools and
financial penalties to parents or guardians.”” Although the
legislation was prompted by the significant measles outbreak,
it also aimed to increase the uptake of recommended vaccines,
including MCVs, which consistently lagged behind the pre-
existing mandatory vaccines (where VCs were approximately
95%).>”* This action polarized public opinion, with consider-
able political debate (and anti-vaccination rhetoric) in the
subsequent 2018 election,* although the majority of Italians
approved the new regulation.*' This policy, which also allo-
cated greater resources for immunization activities within local
public health services,** had an immediate impact on measles
immunization rates, with VC for MCV1 and MCV?2 each >5%
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Figure 3. Current measles vaccination schedule in selected countries. Scheduled vaccinations as reported by ECDC and other sources.?’>>Cross-hatch indicates
mandatory catch-up recommendation for Germany. MCV, measles-containing vaccine; MCV1, first dose of measles-containing vaccine; MCV2, second dose of measles-
containing vaccine; MMR, measles-mumps-rubella-vaccine; MMRV, measles-mumps-rubella-varicella vaccine.

higher in 2018 compared to 2016,°® with high MCV 1 uptake in
previously unvaccinated children born in 2011-15,"** and
94% MCV1 uptake in 2019.** The decline in case numbers in
2018 and further still in 2019 suggests an impact of these
measures (Figure 2).

While the mandatory vaccination legislation should ensure
VC among children and adolescents, including those who
missed out on previously recommended vaccination, addi-
tional immunization activities are needed to increase vaccina-
tion coverage rates in other populations (expectant mothers,
Roma/Sinti communities, HCWs) to maintain high popula-
tion/herd immunity.**~>* Stronger regional surveillance can
help target local immunization needs (and barriers) accompa-
nied with SIAs, and stronger communication strategies. These
additional strategies are a primary focus of the new Italian
Measles and Rubella Elimination Plan 2019-2023.>>2

UK

UK immunization policy is centralized, directed through the
Department of Health, with implementation then delivered
under the autonomy of health authorities in each of the four UK
countries (England, Scotland, Wales, and Northern Ireland).24
Specific policies are guided by recommendations from an inde-
pendent expert advisory committee, the Joint Committee on
Vaccination and Immunization (JCVI). Public engagement is
limited but public reaction can occasionally contribute to deci-
sion-making, e.g., when the public responded negatively to initial
decisions not to recommend routine infant meningitis
B vaccination, which allied with a broader health economic assess-
ment led to subsequent recommendations for NIP inclusion.”"
Childhood measles vaccination was first introduced in 1968,
with MMR used since 1988 initially as a single-dose in infants,
with high uptake (90% by the early 1990's).>>* A 2-dose

schedule was introduced in 1996 targeting (infant and school-
age children).”** Vaccine uptake in the late 1990's was sig-
nificantly hampered by widespread media reporting and mis-
representation of data alleging linkage of MMR vaccine with
autism, which reduced public confidence in vaccine safety and
MCV1 uptake in England declined from 92% in 1995 to 81% in
2003.%% Nevertheless, measles incidence remained low (with
most cases being imported) and was considered eliminated
until 2005, after which, an increase in case numbers in 2006
led to re-establishment of measles transmission in 2006.°>°’
Although MCV uptake showed some recovery, measles out-
breaks occurred between 2007 and 2013 (Figure 2), in part
explained by a marked age-shift in cases as a consequence of
lower uptake in previous years.”>>> '

In this period, notable outbreaks were reported in specific
UK regions; for example, those in North West England (nota-
bly Liverpool) (in 2008-2009 and 2012-2013),>">* and in
Wales (in 2012/2013),>* while others involved susceptible com-
munities such as the orthodox-Jewish, Irish travelling, and
Roma communities.”® " A subsequent decline in cases in
2014/15 led to re-instatement of WHO measles elimination
status in 2016; however later resurgence, including outbreaks
during 2017/18 involving Romanian and Roma
communities,’> again led to re-establishment of endemic
measles transmission in 2019 and England lost their measles
elimination status. A feature common to most outbreaks was
that while many cases involved infants <1 year who were too
young to be vaccinated, a substantial number involved older
children who, while age-eligible, were also either unvaccinated
or had received only MCV1; most adult cases were either
unvaccinated or of unknown vaccination status.”>>*>*

Targeted SIAs and immunization campaigns to address
missed vaccinations in these and other similar outbreaks have
generally been effective in limiting outbreak spread or in



increasing subsequent uptake in under-vaccinated
communities.”>****%>%* As data from Liverpool indicate that
socioeconomic inequalities are evident in areas with lower or
delayed vaccine uptake and timeliness, these populations could
also benefit from specific campaigns.®” Understanding barriers
and specific community concerns in susceptible populations
can help to inform appropriate interventions. For example, in
the UK Roma community, language difficulties and healthcare
access may be more relevant than safety concerns,”* while in
other groups, e.g. orthodox Jewish communities, safety may be
more important.®®

Although MCV uptake eventually recovered following the
initial MMR-autism controversy, vaccine hesitancy and mis-
trust persisted in some settings as reported around the
Liverpool outbreaks,” although one study suggests that more
recent declines are less strongly associated with the autism
controversy.®® Public confidence remains an important con-
sideration, and no doubt a factor in recent renewed discussion
of mandatory vaccination in the UK (driven both by recent
resurgence along with similar policy changes elsewhere in
Europe),”” although there seems to be little appetite among
UK policy-makers for mandates, in light of potential public
resistance and enforcement impracticalities.®””°

Belgium

Three different communities co-exist across Belgium’s four
administrative regions; the Flemish (approximately 60% of
the population, predominantly in Flanders, northern
Belgium) and the French (predominantly in Wallonia, south-
ern Belgium) with both present in the bilingual Brussels-
Capital Region (which also has a substantial international
community); and a small German community in the eastern
part of the country. While the NIP is co-ordinated at a national
level (under the aegis of the Federal Public Health Service
through the NITAG) where recommendations are drafted,
Belgium’s vaccination programs are organized at the subna-
tional level. Indeed, disease prevention in health care, and
hence immunization policy, is a duty and responsibility of
the Communities and the Regions. Polio immunization is
mandatory for all, while in the French community vaccination
against diphtheria, whooping cough, Hib, measles, rubella and
mumps are recommended, and only mandatory for younger
children attending creches or public childcare centers.”* In
contrast, although recommended, these vaccines are not com-
pulsory within the Flemish community for day care access.

Childhood measles vaccination was introduced in 1985, and
a two-dose MMR strategy in 1994; MCV1 is given at 12 months
of age and MCV2 at 10-13 years. Periodic catch-up campaigns
targeting children missing out on scheduled doses and adults
aged 20-45 years with uncertain immunization status are also
implemented (during the annual WHO EURO vaccination
week).”* Vaccine uptake is periodically assessed (in 2005,
2008, 2012 and 2016), with MCV1 uptake maintained around
95% since 2009 (nationally and in all four administrative
regions). MCV2 coverage is lower (85%), where uptake shows
distinct regional/community variation; higher in Flanders
(93% in 2012 and 2016) and far lower in Wallonia and
Brussels (75% in 2012 and 2016).”!
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Measles cases remained relatively low between 2001 and
2010, although a localized outbreak occurred in Antwerp,
Flanders in 2007-2008; 137 cases, mainly within orthodox
Jewish communities (with possible linkage to allied commu-
nities in the UK and Israel).”>”> In 2011, a total of 576 measles
cases were reported (a recent historical high), involving several
distinct outbreaks, including one in Ghent, Flanders, with
a total of 65 confirmed cases principally involving children
attending anthroposophic schools (that follow the humanistic
teachings of Rudolf Steiner), where MCV uptake in pupils was
45-50%.”* Efforts to limit spread included early case isolation,
a school vacation and a limited vaccination of susceptible
children.”* Thereafter from 2012 to 2016 case numbers
declined, and then a substantial outbreak involving 289 cases
developed in Wallonia from late-December 2016 through
May 2017.7>7° Imported cases (from Romania) were linked
to 51 cases.”>’® The majority of cases were either unvaccinated
(40%) or with unknown vaccination status (46%). HCWs
accounted for 12% of cases; 17% were unvaccinated and 47%
were of unknown status.”>’® Although case numbers were low
in 2018 (117 cases), resurgence was apparent in 2019, with 480
cases reported (Figure 2).

Surveys have shown that attendance at a maternal and child
health clinic is a major influence on vaccine uptake in Brussels
and Wallonia, where free vaccine access also reduces socio-
economic inequality, and vaccine refusal is rare.”” There are
limited recent data on public perception of vaccines in Belgium
(including any differences in French or Flemish communities).
However, differences in uptake within these communities, and
the existence of groups with recognized lower coverage would
suggest that perception and vaccine hesitancy/refusal remain
a factor in apparent disparities in uptake. A recent study
evaluating vaccine hesitancy in French-speaking GPs reported
moderate-to-high hesitancy in 50% of those surveyed, and
hesitancy impacted measles vaccine recommendations; only
72.4% of physicians with moderate-to-high hesitancy recom-
mended MMR vaccination for unimmunized adolescents or
young adults compared to 92.7% of the physicians with little or
no hesitancy.”®

Germany

Measles vaccination is long-established, although policy differ-
ences existed prior to 1990 re-unification; the German
Democratic Republic (formerly Eastern Germany) had
a mandatory vaccination policy since 1970 while in the
Federal Republic of Germany (formerly Western Germany)
vaccines were only recommended, with monovalent vaccine
introduced in 1974, and MMR in 1980. Two-dose schedules
have been used across re-unified German since 1991.”%%°
Immunization policy is decentralized; based on recommenda-
tions from the German Standing Committee on Vaccination at
the Robert Koch Institute (STIKO), with implementation
devolved to the 16 individual federal states.*”®" Since 2001,
MCV1 has been recommended at 11-14 months and MCV?2 at
15-23 months of age; MMRV was introduced in 2006
(although due to a potential increased risk of febrile seizure,
since 2011 MMRYV is used only for the second MCV dose).** In
2010, free-of-charge catch-up vaccination of all adults (born
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after 1970) was also recommended, if vaccination status is
unclear, or when individuals had never received any or had
only one dose of MCV.* Mandatory measles vaccination was
recently introduced (in 2020) in response to under-vaccination
and serious measles outbreaks.

Historically, MCV uptake was higher in Eastern Germany
than in the West, and following reunification, uptake remained
higher in Eastern states into the 2000's.*"*> MCV1 uptake has
been consistently high in the East since 2000, although second-
dose uptake lagged considerably.’™*"*"®> There are poorer
physician and public attitudes toward vaccination and lower
uptake in the South and in the Northwest regions, which have
also seen the worst measles outbreaks.’%31:3385 Ag elsewhere,
physician recommendation is a major determinant of infant
vaccine uptake in Germany, with attendance at a childcare unit
also being a strong positive influence. Higher levels of parental
education may negatively affect uptake in some regions, e.g.,
Wiirzburg.®

A substantial measles outbreak in 2006 in the Northwest
(>1700 cases) chiefly affected unvaccinated older children.®”~®’
As seen elsewhere, communities with low vaccine uptake
(anthroposophical communities, Roma and other migrants)
have been the focus of a number of outbreaks, often with
subsequent transmission to the broader population. Notable
anthroposophical-associated outbreaks occurred in Bavaria in
2007,°>°! and also in 2008 (the latter imported from a related
community in Salzburg, Austria, where a broader outbreak was
taking place),”” with subsequent spread across southern
Bavaria.”> Further anthroposophical school outbreaks
occurred in 2010 in Berlin,”* and in Essen,””® and again in
Berlin in 2011, although there the initial index case was a pupil
from a conventional school.”” Outbreaks involving Roma and
other migrant communities have had substantial impact both
within and beyond Germany.”®'°" In late 2008, an adult Roma
contracted measles visiting London, and on return was
a source of widespread outbreaks in Hamburg and across
Saxony, via nosocomial transmission to patients attending
emergency care services and also to the Roma community.
The identified measles strain (D4-Hamburg Strain) was then
associated with widespread onward transmission via Roma
travelers across Europe from 2009 to 2011; including the
Bulgarian epidemic (25,000 cases from April 2009-
December 2011)'%% and to later re-importation into Germany
via Bulgarian Roma migrants in 2010.”**° Migrant asylum
seekers in Berlin were the likely initial source of the ‘D8-
Rostov-Don’ strain imported into Berlin in 2014; while fellow
asylum seekers were initially affected, spread into the resident
Berlin population resulted in the most significant outbreak in
Germany in 20 years with 1,344 cases from October 2014-
August 2015.'°%1%!

Mandatory immunization has been a matter for prolonged
debate in Germany, with the initial prevailing opinion not to
do so, relying more on the ethical and social responsibility of
the general population.'”'** However, against this back-
ground of measles resurgence in 2015 (and the failure to
achieve elimination status by this date) and recognized vacci-
nation gaps in adults aged 18-40 years, in May 2019 the
government proposed mandatory measles vaccination, which
was approved by parliament in late 2019 and implemented in

March 2020. Measles immunization is compulsory not only for
children but for anyone born after 1970 (unless protected by
previous measles exposure, especially staff in childcare and
education and all HCWs. Non-compliance can result in exclu-
sion from education/employment and financial penalties.**'*>
Limited data indicate that a majority of surveyed physicians are
in favor of this policy,'”” although the early impact on vaccine
uptake and measles burden remains to be evaluated.

Romania

The NIP includes recommendations for age-based child and
adolescent vaccinations, and risk-based vaccinations in adults.
At present, vaccines are recommended but non-mandatory
(although some legislation for mandatory childhood vaccina-
tion was considered in 2017).2* All childhood vaccines are free
of charge. NIP implementation is supervised at a district level,
spanning 41 districts plus Bucharest).**

MCV1 was introduced in the NIP in 1979 and a 2-dose
monovalent MCV1/MCV2 strategy in 1994, leading to sub-
stantial reductions in incidence rates,'’'%” although periodic
outbreaks occurred, with >33,000 cases in 1996-1998, mostly
in unvaccinated infants and older children as a consequence of
low MCV2 coverage.'”” In response, Romania implemented
enhanced surveillance and a nationwide immunization cam-
paign, vaccinating 2.1 million 7-18 year-olds."””'°® MMR vac-
cination was introduced in 2004, with MCV1 given at 12—
15 months and MCV?2 initially given at 6-7 years of age (and
at 5 years of age since 2015).'%

While VC for both doses was consistently >95% from
2001 to 2009, this was followed by notable continued
declines; in 2015 MCV1 and MCV2 uptake was 86% and
80%, respectively, with further decline in second-dose
uptake (75% in 2017).'%'% MCV1 and MCV2 uptake in
2019 was 90% and 76%, respectively.'® These are national
data, and substantial variations exist at an administrative
district level.'” A 2015 assessment using the WHO measles
risk assessment tool, considered 27 of these 42 districts
(64%), mainly districts in western Romania and Bucharest
in the southeast, being at very high/high outbreak risk,
chiefly on the basis of low VC and suboptimal surveillance
quality.!"” Substantial variation across districts is also seen
in vaccine uptake achieved with SIAs.'*®

The decline in measles VC across 2009-2017 was accom-
panied by two major epidemics, in 2011-2012 and then the
prolonged 2016-2018 epidemic, the latter principally due to
the B3 genotype, with epidemiological linkage indicating this
genotype as a major cause of outbreaks in other European
counties (including Belgium as described above).””''" This
most recent outbreak has involved almost 18,000 cases (with
the greatest incidences in infants and children <5 years),'”” and
principally affected districts in the western part of the country,
although notable outbreaks were also seen in some central and
southern districts.'®!? A high number of fatalities (64)
occurred, mainly in children <5 years."'* In both epidemics,
the vast majority of cases (approximately 80% in 2011-2012
and 93% in 2016-2018) were in unvaccinated individuals
(including a large proportion of young infants not yet eligible
for MCV1 vaccination).!0®10-112



Public health responses to these outbreaks have involved
SIAs and catch-up campaigns, principally targeting children.
In 2011, MMR vaccination was offered to all children aged
between 7 months and 7 years, regardless of vaccination status
(reaching over 4,500 children).'°*!'! In 2016, in response to
the continued epidemic, additional SIAs targeting children
<9 years were rolled out in outbreak areas, and then nation-
wide with mixed responses; overall only 31% of the eligible
children were vaccinated.'"” In general, uptake was greatest for
MCV1 dosing in children <5 years, but with a far lower MCV2
uptake in 5-9-year-olds. Substantial regional variation in
uptake was apparent, with uptake for either dose below 30%
in some western districts with high measles case numbers.'*®
Although a 2017 survey indicated that the 83% of the public
consider the national infant immunization strategy to be ben-
eficial, broader concerns remain regarding public confidence in
health-care policies and implementation'’® and in vaccine
safety.''* Vaccine refusal remains an important barrier to
greater MCV uptake in eligible children, especially in urban
areas, both for scheduled vaccinations and for those targeted by
recent SIAs.'0>110113

Ukraine

Two-dose monovalent measles childhood vaccination was
long-established in the former USSR, with MCV1 (at 12-
15 months of age) introduced in 1969 and MCV2 (at
6 years) in 1986 with this schedule continued following
USSR dissolution and separation of Ukraine in 1991.''>'!®
High reported vaccine uptake (>90%) was a feature before
and after this transition, although the quality of these VC
estimates has been questioned.''”''® While measles inci-
dence remained low after separation, periodic outbreaks
occurred (in 1993, 1996 and 2001) and then a far substan-
tial outbreak in late 2005 through most of 2006."'®''” The
origin of this latter outbreak focused in Kiev, but then
spread across all 27 administrative territories,"!” with over
44,000 cases reported (constituting 80% of all European
cases in 2006)."'® An important feature was the high pro-
portion of cases in 15-29 year-olds, many of whom had
received two vaccine doses."'®''” There was some evidence
of lower than expected vaccine effectiveness, possibly due to
various factors such as poor quality control during vaccine
production or in cold-chain distribution, with an adverse
impact upon population immunity thresholds,''® although
inaccurate reporting of assumed coverage may also have
played a part. Attempts to address vaccination gaps in
2008 via a national mass immunization campaign targeting
15-29 year-olds had an unfortunate event, with one vacci-
nee death, which - although assessed not to be caused by
the vaccination - along with other adverse event reports,
raised safety concerns amidst widespread adverse ‘anti-
vaccination’ media reporting on safety and broader vaccine
procurement matters.*!'® A poorly coordinated political
response led to the cancellation of this campaign, and
continued public mistrust of vaccine quality and safety
had an adverse effect on all childhood vaccine uptake in
subsequent years.''>''® Dramatic declines in national
MCV1 and MCV2 uptake were seen in 2009, and remained
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low with a further marked decline to <50% in 2016.'%11%-120

Declining VC was accompanied by a substantial outbreak
in 2012, although as elsewhere, regional variations in
uptake and measles incidence are seen.'”” While great
efforts to improve the uptake led to significantly higher
VC in 2017 (for both doses) which continued in 2018/
2019, this remains lower than the desired 95%
threshold.'®''” That and the far larger susceptible unvacci-
nated or incompletely vaccinated population as a legacy of
poor uptake in previous years led to an extensive sustained
epidemic, beginning in 2017 (4,781 cases, focused mainly in
the most western and southwestern regions) with dramatic
escalation and eastward progression in 2018 and 2019
(53,219 and 57,282 cases respectively).'” !

This pattern has been heavily influenced by a complex
array of systemic and social factors. The poor vaccine
uptake from 2009 until relatively recently was chiefly dri-
ven initially by continued public skepticism around vac-
cine quality and safety, triggered by the 2008 events, and
also continued vaccine supply issues, further compounded
by the upheaval associated with political developments
since 2014 (with Russia’s annexation of Crimea and con-
tinued conflict in the eastern Donbas region). These cul-
minated in the dramatically poor uptake observed in 2016
(Figure 2) seen not only in measles vaccination; uptake of
all routine childhood vaccines also markedly fell in 2015/
16.18:119-121 Alongside this, continued dissatisfaction with
health-care system and services, and the recognized cor-
ruption within society (and within healthcare) fosters con-
tinued distrust for authorities and institutions.'**'*
Continued vaccine hesitancy in physicians and other
HCWSs has also been highlighted.'** While health-care
services (including immunization) are free-of-charge,
a gray health-care economy exists, and informal public
out-of-pocket expenditure has been consistently
high,'"®'?>!** accounting for 45.6% of the total health-
care spend in 2018."*° This may be a factor in citizens
taking a more pro-active role in personal health-care
decisions, with vaccine refusal serving as an expression
of personal freedoms, although undoubtedly other reasons
play their part; data from a recent Wellcome Trust survey
conducted in 2018 indicate that only 50% of the respon-
dents considered vaccines to be effective, with only 29%
considering vaccines to be safe.'”” A high element of
vaccine hesitancy and refusal by HCWs is also apparent,
and this is compounded by a lack of awareness/knowledge,
with a clear need for HCW education on vaccine benefits.
Whether the considerable health-care reform ongoing in
Ukraine leads to some improvement in confidence in the
system remains uncertain.'**

Framework analysis

Conclusions from our framework analysis reflecting the
policy triangle of content, context and process for each
country are summarized in Supplementary Table 1. The
major findings from a wider perspective across all six
countries are shown in Table 1. A number of broad themes
emerge (summarized in Figure 4).
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Table 1. Framework analysis across countries.

Problem Context

Policy implementation and required
organizational mechanisms

Key observations

® Global rise of antivaccination sen-
timent; increasing levels of
misinformation

® [ncreased politicization ~ of
immunization

® Decreasing trust in public health
authorities, health-care systems,
and governments

Decline in infant
MCV coverage

Increasing disease ~ ®
burden in older

Most immunization programs pri-
marily address infant immuniza-

age groups tion needs
® Adult immunization access may be
limited
Identify and reduce ® Susceptible/vulnerable commu-
disease burden nities are characterized by ethnic,
in hard-to-reach religious, socioeconomic, educa-
populations tion, or migration status
® |dentified and targeted only after
outbreak
® Conventional outbreak responses
may not address specific commu-
nity needs
Ensure agile ® Delays in local implementation of
response to outbreak response measures may
changing reduce their impact
epidemiology ® Public health decisions are not

and outbreaks always evidence-based and may
be influenced by political factors

® Resource constraints can reduce
the capacity and ability to adapt

to changing needs

Stronger central coordination of immuniza-
tion programs and local/regional
implementation

Introduction of mandatory vaccination, where
appropriate

Introduction of central immunization registry
to monitor vaccine coverage

HCW-led communication to reduce parental
vaccine hesitancy

Address public concerns through an ongoing
informed debate and education; can involve
public interest groups to reduce political
aspects

Introduction of adult catch-up campaigns
(free-of-charge)

Increase immunization access through enga-
ging of additional vaccinators (e.g., commu-
nity pharmacists)

Address the specific needs of underserved
communities; greater understanding can
guide tailored responses and increase
compliance

Solutions involve community engagement
beyond health-care systems

Clear division of competencies and responsi-
bilities between central and regional health-
care systems and strong central coordination
can improve impact of response measures
Streamlining diverse stakeholder responsibil-
ities can improve response agility

Parents have unmet immunization information
needs

Public trust in immunization is impacted by
broader institutional trust

Mandatory immunization can trigger short-
term negative public reaction but demon-
strates a long-term political commitment to
immunization

Outbreaks persist despite high national
coverage

Increasing disease burden is in adults, ethnic
and anthroposophical communities, and may
not be reached by routine vaccine services
Centralized immunization registries can help
monitor uptake

Outbreaks occur in populations with high
nationwide coverage where immunization
gaps exist in underserved populations
Measles importation is important and interna-
tional communities may share similar immu-
nization attitudes; and may benefit from
similar tailored strategies

Agile adjustment of immunization policy can
address changing disease burden
Decentralized health-care systems require
cooperation of regional authorities in imple-
menting central strategies; local engagement
is important for local public support

Stronger central coordination improves the
regional commitment

Absence of public representation in policy-
making may weaken acceptance and lead to
challenges to policy decisions

Measles disease
burden

» Substantial and often dramatic fluctuations in specific periods

» Observed in different countries in different periods although some overlaps exist

% National epidemiology is influenced by other countries

» Persistent disease burden; achieving nation-wide vaccine coverage targets in isolation is insufficient to prevent
outbreaks involving non-vaccinated subpopulations

v v

Disease outbreaks

Y v

Driven chiefly by low VC in susceptible populations and in the broader general population
At-risk groups include: unvaccinated infants and younger children; older unvaccinated or incompletely vaccinated
adults; individuals within specific susceptible ‘vaccine hesitant' populations
Some evidence for vaccine failure

Needs of vulnerable populations must be understood and systematically addressed to prevent outbreaks; may
require integration of social and health care services as well as community engagement.

» SlAs can help close acute immunization gaps but are too resource intensive to be used systematically

Y v

Evident in all countries; acts as a barrier to improve MCV uptake and realise 95% VC targets.
Specific groups have historically low coverage (e.g., anthroposophical groups and Roma, Sinti and Irish Traveler

communities) — However broader public hesitancy — is a greater concern (as is HCW hesitancy)

Vaccine hesitancy >

Initiatives should be tailored to address specific barriers to uptake — Determinants may differ e.g., vaccine mistrust

may exist in anthroposophical groups; immunization access is a barrier in ethnic communities
» There is increasing understanding that low confidence in vaccines is a symptom of a lack of trust in authorities and
health care systems they run. Addressing vaccine confidence should include addressing broader trust issues

Figure 4. Emergent themes.



Semi-structured interviews

A total of nine key informant interviews were conducted
between April and August 2020 (four with Italian experts and
five from the UK), each lasting between 40 and 70 minutes.
Informants represented a range of stakeholders; epidemiolo-
gists, physicians, and individuals involved in programatic pol-
icy and implementation, working chiefly within governmental
public health institutions, and academic/industry representa-
tives (Supplementary Table 2). Six key themes were apparent
from thematic analysis (Table 2). In general, there was consis-
tent agreement between both country experts on some aspects,
e.g., the benefits of a centralized immunization framework
(allied with effective regional implementation); value of coher-
ent political commitment; and the need for closer public/com-
munity engagement and education to inform and address
vaccine hesitancy or mistrust (especially in communities with
specific unmet needs). However, there were clear differences in
mandatory vaccination; while positively perceived by Italian
respondents, UK respondents expressed reservations about
acceptance (politically and by the general public). Most respon-
dents considered that the ongoing COVID-19 pandemic pro-
vides an opportunity to refocus public health activities (and
may reinforce the perceived value of outbreak control

Table 2. Key themes from semi-structured interviews.
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measures and immunization benefits). While greater trust in
health-care systems may exist (in the short term), the longer
term attitudes are less clear.

Discussion

Documenting temporal changes in measles epidemiology, vac-
cine uptake and policy, and outbreak response measures can
help to provide some perspective on the structural interventions
needed to achieve effective measles control (and ultimately elim-
ination). Our observations highlight a diverse range of chal-
lenges that exist in developing robust policies and strategies to
address measles disease burden in specific countries (or regions
within countries). While each country has specific characteris-
tics, a consistent pattern is that of previous complacency (as
evident by often delayed responses to what would seem to be
predictable outbreaks in most if not all countries) and
a fragmented approach toward achieving the desired 95% vac-
cine uptake target, allied with often substantial and increasing
elements of vaccine hesitancy (due to individual complacency, or
lack of access or lack of confidence or overt mistrust) either
within the general population or within specific communities.
At a more macro level, there is a clear political dimension to

Theme Country Role
Centralized immunization framework and Italy ® (entralization of immunization activities allied with supportive political commitment has benefits over
political commitment the previously fragmented and often unfocused approach seen with decentralized delivery
® Setting national immunization targets with appropriate measures for regional delivery has improved
vaccine uptake
® Streamlined engagement of local politicians can prevent delays in outbreak response (as evident in
COVID-19 responses)
® New policy introduction is heavily influenced by political factors; greater engagement with politicians
is essential to support policy decision-making
® Policy decisions can seem complex; public debate on complex policy decisions (and disagreements
between political and health-care stakeholders) can have a negative impact on public perception
UK ® (ost-effectiveness seems a key driver of health-care decision-making; systematic defunding of services
® Disconnection between the political narrative and subsequent actions; perception of competing
interests
® Political factors can impede expert led/evidence-driven public health recommendations; greater
engagement with politicians is essential to support policy decision-making
® Policy decisions can seem complex; public debate on complex policy decisions (and disagreements
between political and health-care stakeholders) can have a negative impact on public perception
Top-down vs bottom-up implementation and Italy and @ Need for closer public/community engagement to inform and address existing trust issues; under-
equity UK served communities may have specific needs
® Public-involvement in policy-development and implementation remains limited; public attitudes
toward immunization are complex and often divisive
® While the antivaccine movement may seem marginal, it may represent deeper societal roots; perceived
disenfranchisement contributes to mistrust and skepticism toward public health measures (including
immunization)
Incentives to vaccinate and mandatory Italy ® Mandatory immunization considered a successful policy development with a positive societal impact
vaccination ® Political commitment considered a key facilitator
UK ® |imited appetite for mandatory vaccination (political or health-care experts)
® Potential benefit is countered by reduced public trust in health-care system; concerns exist that policy
will not address unmet needs of vulnerable populations
Vaccine hesitancy as a symptom of declining Italy and ® Vaccine hesitancy reflects broader societal views; perception of unmet needs and/or individual
trust UK disenfranchisement (especially in UK)
® |ack of community engagement negatively impacts new policy implementation
Education Italy and ® Public education is the key action to improve vaccine acceptance and uptake
UK ® |deal opportunities include prenatal and school-based education to inform parents and future adults
on preventive healthcare (including immunization)
Impact of COVID-19 on immunization Italy and ® Provides an opportunity to refocus public health activities; currently, COVID-19 has increased trust in
attitudes UK health-care systems (in the short term)
® |n Italy this may reinforce the top-down approach to disease prevention policies
L]

In the UK the long-term impact is uncertain; based on previous experience, positive political and public
attitudes may be transient
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immunization policy development and also a clear societal and
often cultural dimension toward how vaccination measures are
perceived and accessed by the general public.

Developing successful strategies need to take into account
often complex factors. While outbreak response measures have
been successful in limiting measles outbreaks in most coun-
tries, in isolation they do not address the underlying causes nor
the evolving societal challenges, and additional strategies are
necessary. Most countries we examined are taking positive
actions, with a transition beyond a focus on infant immuniza-
tion toward strategies that will also help close immunization
gaps in adults and hard-to-reach subpopulations. Mandatory
immunization has shown benefits in improving pediatric vac-
cine uptake in Italy; with first MMR dose at 24 months of age
increasing from 87.3% in 2016 to 94.5% in 2019 and the
corresponding second dose at 6 years increasing from 82.2%
to 87.6%.'**'*” Although impact data for Germany are not
available, this measure is considered in generally favorable
terms by German physicians.'”> However, such mandates also
provide a focus for public distrust and anti-vaccination senti-
ments, and for political and social reasons may seem unfeasible
in some countries. Strengthening current childhood immuni-
zation programs along with SIAs and targeting susceptible
populations, including individuals who missed out on previous
MCV opportunities is essential. Success is reliant upon
improving or restoring public confidence, through both
broad and tailored community engagement. In this, HCW
advocacy is clearly essential. Efforts must be made to provide
education for physicians and other HCWs, to inform and
address HCW hesitancy, and also to improve HCW measles
vaccination to reduce nosocomial transmission. Increasing
access by expanding vaccination opportunities, e.g., via mobile
vaccination units and pharmacy-led immunization can also be
effective.'*

This study has some limitations. Only six European coun-
tries were included (and only two were evaluated using quali-
tative interviews). Perhaps more importantly, our study was
conducted in 2020, in the initial phases of the COVID-19
pandemic, and our observations on measles epidemiology
and immunization policy and implementation relate to the
decade prior to the current COVID-19 pandemic. From
a pragmatic perspective, awareness that immunization sche-
dules and disease surveillance would be impacted by this pan-
demic, generally and within specific phases of the ongoing
pandemic, made direct evaluation of the status in 2020 proble-
matic (and beyond the broader objectives of the present study).
From the epidemiologic perspective, the data we report across
2001-2019 (based on WHO surveillance data)'®™?' could be
considered reasonably robust, but it provides no context to the
current epidemiological situation. While the full impact of the
COVID-19 pandemic on measles immunization services (and
the broader impact on routine vaccination delivery) remains
uncertain, a conservative view in light of the obvious effect on
health services would be that there has been some adverse
impact, with reports of decline in MCV uptake in European
countries with mandatory immunization,"”"'** and through-
out the pandemic concerns have been raised regarding future
global measles resurgence.'>*'* Vaccination hesitancy toward
SARS-CoV2 vaccination also exists both in the general public,

e.g., in the UK"% and Belgium, where attitudinal differences in
French and Flemish communities also exist,””” and also in
HCWs (as recently reported in Ukraine and Italy).'**'**

While we do not wish to speculate on the impact of the
ongoing COVID-19 pandemic upon specific measles policy and
subsequent actions, the events and experiences of the pandemic
will clearly inform and influence political and social attitudes
toward immunization (in the broader sense). A plain language
summary graphic which outlines the context, outcomes, and
impact of this study is shown in Supplementary Figure 1.
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