Measles in Europe: an epidemiological assessment
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Summary

Background Measles persists in Europe despite the incorporation of the measles vaccine into routine childhood vaccination
programmes more than 20 years ago. Our aim was therefore to review the epidemiology of measles in relation to the goal of
elimination by 2010.

Methods National surveillance institutions from 32 European countries submitted data for 2006—-07. Data for age-group,
diagnosis confirmation, vaccination, hospital treatment, the presence of acute encephalitis as a complication of disease, and
death were obtained. 30 countries also supplied data about importation of disease. Clinical, laboratory-confirmed, and
epidemiologically linked cases that met the requirements for national surveillance were analysed. Cases were separated by age:
younger than 1 year, 1-4 years, 5-9 years, 10-14 years, 15-19 years, and older than 20 years. Countries with indigenous
measles incidence per 100,000 inhabitants per year of 0, less than 0-1, 0-1-1, and more than 1 were grouped into categories of
zero, low, moderate, and high incidence, respectively.

Findings For the 2 years of the study, 12,132 cases of measles were recorded with most cases (n=10,329; 85%) from five
countries: Romania, Germany, UK, Switzerland, and lItaly. Most cases were unvaccinated or incompletely vaccinated children;
however, almost a fifth were aged 20 years or older. For the same 2 years, seven measles-related deaths were recorded. High
measles incidence in some European countries revealed suboptimum vaccination coverage. Of the 210 cases that were
reported as being imported, 117 (56%) came from another country within Europe and 43 (20%) from Asia.

Interpretation The suboptimum vaccination coverage raises serious doubts that the goal of elimination by 2010 can be attained.
Achievement and maintenance of optimum vaccination coverage and improved surveillance are the cornerstones of the

measles elimination plan for Europe.

Funding European Commission and the Statens Serum Institut, Denmark.

Introduction

Although the measles vaccine has been part of routine
national childhood vaccination programmes throughout
Europe for at least 20 years, measles remains a public
health concern. Between 2006 and 2007, several countries
reported high numbers of cases and outbreaks. The largest
outbreaks took place in Switzerland,1 Germany,2 Spain,3 and
Romania,* and mostly affected the general population.
Other outbreaks have been described in particular groups
such as the Roma and Sinti communities in ltaly,” Roma
and immigrant families in Greece,® orthodox Jewish
communities in Belgium7 and the UK,8 and traveller
communities in the UK® and Norway.10 Increased measles
transmission continued to be recorded in 2008, particularly
in Italy,11 Switzerland,12 Austria,” and the UK. Such a
situation in Europe underscores the need for concerted
efforts to reach WHO'’s goal laid out in the strategic plan to
eliminate measles from the European region by 2010." Our
aims were to review the epidemiology of measles in Europe,
discuss the feasibility of elimination by 2010, and address
methods to reach this goal.

Methods

Participants

Measles surveillance data were submitted to the European
surveillance network for vaccine-preventable diseases
(EUVAC.NET) hub from the national public health or

surveillance institutions of each of the network’s
participating countries: the 27 EU member states together
with Croatia, Iceland, Norway, Switzerland, and Turkey.
Cases meeting the requirements for national surveillance,
including clinical, laboratory-confirmed, and
epidemiologically linked cases, were analysed. During the
study period, no changes in the national systems for
measles surveillance or the methods for reporting data were
identified for the participating countries, except Italy. For
2007, measles data from ltaly were derived from a newly
established special surveillance system intended to improve
timeliness and completion of repor’ting.16

We did not regard ethical approval or informed consent to be
necessary since the data are anonymous and are collated
under a decision of the European Parliament and the Council
of the EU for the epidemiological surveillance and control of
communicable diseases in the European Community.”’18

Procedures

All 32 participating countries submitted data for the study
period 2006-07. Case-based data were provided by 30
countries, 29 of which obtained the data through national
mandatory  notification  systems. Belgium  provided
case-based data gathered through both a national voluntary
notification system and a mandatory system applied to
schools. Case-based reports provided data for disease onset



dates, age, diagnosis confirmation, vaccination, importation,
hospitalisation, the presence of acute encephalitis as a
complication of measles, and death. Variables for which no
data were available in the case-based reports were converted
to unknown status. Aggregated data were provided by
Romania and Turkey, and consisted of the number of cases
in specified age-groups categorised by vaccination, diagnosis
confirmation, and hospitalisation variables. The number of
cases with complications including death was also supplied.
We defined indigenous cases as those that were not
recorded as imported from another country. Those with
unknown importation status were also regarded as
indigenous cases. Data for imported cases indicated the
most probable country to have been the source of infection.
For countries supplying aggregated data, the importation
status was not reported and therefore all cases were
regarded as indigenous. Countries were grouped into
categories of zero, low, moderate, and high incidence for
the corresponding indigenous measles incidence per
100,000 inhabitants per year of 0, less than 0-1, 0-1-1, and
more than 1, respectively.

Statistical analysis

Cases with disease onset dates in 200607 were analysed.
Case-based reports with absent or unknown disease onset
dates were included in the analyses because the date of
notification or the date of collection of the laboratory sample
was during the corresponding years. Incidence was
calculated with the number of cases of reported measles as
the numerator and the country population obtained from
Eurostat'® as the denominator. We expressed incidence of
disease as measles cases per 100,000 inhabitants per year,
and that of death as the total per 1000 measles cases per
year. We included all reported cases (i.e., including
indigenous cases, imported cases, and those with unknown
importation status) when calculating crude incidences. To
test for potential differences in the overall crude and
age-specific incidence in 2006 compared with 2007, we
used Poisson regression with the PROC GENMOD
procedure in SAS software (version 9.1).

Role of the funding source

The sponsors of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the
report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision
to submit for publication.

Results

During 2006 and 2007, a total of 12,132 measles cases was
reported and included 3061 (36%) case-based reports with
absent or unknown disease onset dates for both years. Most
cases (n=10,329; 85%) were from five countries: Romania,
Germany, the UK, Switzerland, and ltaly (table 1). The
largest numbers of cases in 2006 were reported from
Romania (39% of the total) and Germany (28%), and the
highest crude incidences were in Romania and Greece. In
2007, the overall crude incidence of measles fell
significantly (p<0-0001) compared with the previous year.
Switzerland and the UK reported the largest numbers of
cases—each contributing 27% and 26%, respectively, of the

total—and the highest crude incidences. In both 2006 and
2007 the incidence of indigenous measles cases varied
substantially among countries (figure 1). Nine countries
reported no indigenous measles cases for both years:
Bulgaria, Croatia, Cyprus, Finland, Hungary, Iceland,
Portugal, Slovakia, and Slovenia.

Figure 1: Geographical incidence of indigenous measles in Europe for 2006
and 2007
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Data show incidence per 100 000 inhabitants per year. For Romania and Turkey the
crude incidence was used because the aggregated dataset did not supply importation
status and therefore all cases were regarded as indigenous.

The age-group was known for 99% (n=8121) and 98%
(3845) of cases in 2006 and 2007, respectively. Overall, the
age distribution of measles in 2007, compared with 2006,
changed significantly (p<0-0001), mainly because of a
substantial decrease of infected children under age 5 years
and only a small decrease of those 20 years or older (figure
2). Infants (younger than 1 year) had the highest age-specific
incidence per 100,000 inhabitants for 2006 (18-:6 [95% ClI
17-5-19-6]) and 2007 (5-3 [4-8-5-9]). For both years, 15%
(n=1223) and 9% (357) of the total number of cases were
infants, 29% (2352) and 23% (868) were 1-4 years of age,
38% (3110) and 49% (1896) were 5-19 years of age, and
18% (1436) and 19% (724) were 20 years or older. In 2006,
Romania had an incidence per 100,000 inhabitants of 341-4
(95% CI 317-7-366-8) in infants and 142-3 (134-5-150-6) in
children aged 1-4 years, corresponding to 61% (n=745) and
51% (1194) of the total cases in the respective age-groups.



Figure 2: Incidence of reported measles cases by age-group (2006-07)
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Table 1: Incidence of measles in 32 participating European countries (2006-07)

In 2007, Switzerland had the highest incidence per 100,000
inhabitants of 78:8 (95% CI 70-4—-88:1) in children aged 5-9
years, followed by 58-2 (51-4-65-9) in those aged 10-14
years. In the same year in the UK, infants had the highest
incidence per 100,000 inhabitants of 14-3 (11-:8-17-3),
followed by 11-1 (9:9-12-4) in children aged 14 years.

The status of measles vaccination was known in 89%
(n=7333) and 92% (3582) of all reported measles cases in
2006 and 2007, respectively (table 2). In 2006, 2820 (91%)
cases aged 5-19 years had known vaccination status, of
whom 2058 (73%) were unvaccinated, 452 (16%) had
received a single dose of vaccine, and 39 (1%) had been
vaccinated with an unspecified number of doses. The
following year, 1796 (95%) cases from the same age-group
had known vaccination status, of whom 1567 (87%) were
unvaccinated, 156 (9%) had received a single dose, and two
(0-1%) had been vaccinated with an unspecified number of
doses. For both years, the remaining cases had received
two or more doses.

Number of cases Crude incidence Laboratory-confirmed cases Epidemiologically linked cases

2006 2007 2006 2007 2006 2007 2006 2007
Austria 25 20 03 0.2 15 (60%) 15 (75%) 0 0
Belgium 15 58 0.1 0.5 8 (53%) 14 (24%) 1 (%) 36 (62%)
Bulgaria 1 1 0.01 0.01 1 (100%) 1 (100%) 0 0
Croatia 1 0 0.02 0 0 0
Cyprus 0 0 0 0 § § . .
Czech Republic 6 2 0.1 0.02 6 (100%) 2 (100%) 0 0
Denmark 27 2 0.5 0.04 26 (96%) 2 (100%) 1 (4%) 0
Estonia 27 1 2 0.1 27 (100%) 1 (100%) 0 0
Finland 0 0 0 0 . . . .
France 44 40 0.1 0.1 17 (39%) 24 (60%) 1 (2%) 0
Germany 716 571 09 0.7 835 (36%) 280 (49%) 640 (28%) 207 (36%)
Greece 519 2 47 0.02 214 (41%) 00 0 0
Hungary 1 0 0.01 0 1 (100%) 0
Iceland 0 0 0 0 . . . .
Ireland 83 52 2 12 23 (28%) 14 (27%) 0 6 (12%)
Italy 595 420 1 0.7 0 154 (37%) 0 0
Latvia 7 0 0.3 0 6 (86%) 0
Lithuania 1 0 0.03 0 0 0
Luxembourg 7 0 15 0 0 0 .
Malta 0 2 0 0.5 . 00 . 0
Netherlands 1 10 0.01 0.1 1 (100%) 10 (100%) 0 0
Norway 0 20 0 0.4 . 17 (85%) 3 (15%)
Poland 120 43 0.3 0.1 88 (73%) 29 (67%) 3 (3%) 1 (2%)
Portugal 0 0 0 0 . . . .
Romania 3196 352 14.8 16 2830 (89%) 344 (98%) 169 (5%) 0
Slovakia 0 0 0 0
Slovenia 0 0 0 0 . . .
Spain 343 265 0.8 0.6 296 (86%) 235 (89%) 34 (10%) 20 (8%)
Sweden 19 1 0.2 0.01 18 (95%) 00 0 0
Switzerland 71 1040 1 13.9 41 (58%) 421 (40%) 6 (8%)8 125 (12%)
Turkey 34 3 0.05 0.004 34 (100%) 3 (100%) 00 0
UK 773 1004 13 16 769  (99%) 972 (97%) 4 (1%) 32 (3%)
Total 6632 3909 1.14* 0.671 5256 (64%) 2538 (65%) 859 (10%) 430 (11%)

Data show number of measles cases, incidence per 100 000 inhabitants, and % of total cases. For some countries, minor discrepancies might arise with nationally

reported data if these include cases by year of notification rather than year of disease onset. *95% CI 1-38—1-44. 1+ 95% CI 0-65-0-69.



Six measles-related deaths were reported in 2006, which
corresponded to a death rate per 1000 measles cases of
0-7 (0-3—1-6). Pneumonia was the cause of death in three
patients from Romania and one from the UK. The fatal
cases from Romania were a 9-month-old male infant below
the recommended age for measles vaccination, a
20-month-old girl who had received one dose of vaccine,
and a 23-month-old unvaccinated girl. The fatal case
reported from the UK was an unvaccinated 13-year-old boy
who had an underlying lung condition and was receiving
immunosuppressive drugs.20 Acute encephalitis was the
cause of death in an infant and a 2-year-old child, both
reported from Germany. One patient acquiring measles in
2007 died (0-26 per 1000 measles cases [0-04—1-82]) due
to pneumonia. The death was reported from ltaly and
occurred in a 10-year-old girl with a congenital
immunodeficiency disorder.'" All fatal cases were
laboratory confirmed. In 2006, acute encephalitis caused
two deaths and was reported in a further eight cases: five
from Germany, one from Greece, one from Switzerland,
and one from the UK. The non-fatal cases were distributed
between age-groups with one younger than 1 year, two
aged 1-9 years, two aged 15-19 years, and three older
than 20 years. Six cases were not vaccinated against
measles, one was vaccinated with a single dose, and
vaccination status was unknown in the remaining case. In
2007, seven cases of acute encephalitis were reported: five

from Switzerland, one from Germany, and one from the UK.

They were distributed between age-groups with two aged
5-9 years, one aged 10-14 years, two aged 15-19 years,
and two older than 20 years. None had been vaccinated
against measles.

Information about admission to hospital was available in
92% (n=7601) of measles cases in 2006; 55% (4202) of
these cases were admitted, of which 66% (2777) were
from Romania. Of the 95% (3732) of cases with known
hospitalisation status in 2007, 805 (22%) were admitted.
Known importation status was reported in 70% (3508)
and 54% (1912) of cases from countries supplying
case-based data in 2006 and 2007, respectively. 126
and 84 of these cases were imported for the 2 years,
corresponding to 4% of cases with known importation
status for each year. In 2006, 64 (51%) cases were
imported from another European country and 62 (49%)
from outside Europe: 30 from Asia, 14 from the Middle
East, 16 from Africa, one from South America, and one
from Australia. In 2007, 53 (63%) cases were imported
from another European country and 31 (37%) from

Table 2: Measles cases with known vaccination status (2006-07)

outside Europe: 13 from Asia, seven from the Middle
East, seven from Africa, three from North America, and
one from Australia. The panel shows the top ten
countries implicated as sources of imported measles
cases.

Discussion

Our findings show widely varied incidence of measles in
the 32 European countries. Although some countries
reported rates per 100,000 inhabitants of less than 0-1,
suggesting near-elimination of measles, others reported
unacceptably high rates in an era of expected elimination
of the disease from Europe.

Since most measles cases were unvaccinated or
incompletely vaccinated, the differences in incidence
between countries could reasonably be attributed to
varying degrees of success with national vaccination
programmes. Vaccination coverage and seroprevalence
rates also indicate the performance of vaccination
programmes. Achievement and maintenance of the
WHO-recommended minimum of 95% vaccination
coverage with two doses is necessary for measles
elimination.'®

Suboptimum measles vaccination coverage over a long
period has indeed been reported by countries with high
measles incidence. Switzerland reported vaccination
coverage of about 82% between 1991 and the beginning
of this decade, with substantial variations among its 26
cantons.”? In the UK, measles vaccination coverage for
children at 2 years of age was less than 90% (1999-2006),
and was below 85% (2002—05),21 whereas in Ireland,
coverage increased from less than 80% (1999-2003) to
below 90% (2004—06).22 For the same age-group in
Germany, vaccination coverage for children born between
1996 and 2003 was consistently about 70%, with
substantial regional differences.”® In Italy, national
vaccination coverage in children at 2 years of age
increased from below 85% (2001-03) to below 90%
(2004-06), with large variations among regions.24 The
high incidence of disease in Greece in 2006 was caused
by a large outbreak originating in 2005, which mostly
affected Roma and immigrant families.® Estimates of
vaccination coverage for 2003—-05 were very low in Roma
children (2-12%) and low in immigrant children (80-90%).
In Romania, a seroprevalence study on samples from
2002 showed high susceptibility of children aged 2—4
years of about 24%.%°

<1 years 1-4 years

2006

Unvaccinated 1092 (93%) 1469  (68%)
Vaccinated with single dose 78 (T%) 606 (28%)
Vaccinated with at least two doses 0 51 (2%)
Vaccinated with unspecified number of doses 2 (0-2%) 31 (1%)
2007

Unvaccinated 343 (98%) 663 (81%)
Vaccinated with single dose 7 (2%) 137 (17%)
Vaccinated with at least two doses 0 16 (2%)

(

Vaccinated with unspecified number of doses 0 1 (0:1%)

10-14 years 15-19 years 220 years Unknown age Total

650 (77%) 525 (72%) 968  (84%) 31 (97%) 5618 (77%)
97 (11%) 89 (12%) 137 (12%) 0 1273 (17%)
91 (11%) 101 (14%) 30 (3%) 1 (3%) 353  (5%)
11 (1%) 12 (2%) 17 (1%) 0 89 (1%)

526 (90%) 358 (85%) 520 (86%) 11 (73%) 3104 (87%)
39 (%) 42 (10%) 72 (12%) 4 (27%) 376 (10%)
17 (3%) 20 (5%) 7 (1%) 0 94 (3%)

1 (0-2%) 0 5 (1%)



By contrast, countries with zero indigenous measles incidence
reported consistently high measles vaccination coverage for
long periods. In Finland, studies that have been undertaken
every 2 years on birth cohorts from 1995 to 2003 showed that
vaccination coverage was consistently above 95%.% In
Iceland, the coverage for two measles vaccine doses ranged
between 90% and 99% (1999-2006); (Gudnason T, Iceland
Directorate of Health, personal communication). Measles
vaccination is obligatory in Slovenia, Slovakia, and Hungary.
For children aged 2 years, coverage for first vaccination
(1996—2006) ranged between 94% and 96% in Slovenia,?’
and was consistently above 99% in Slovakia?® and Hungary.?
A seroprevalence study also showed that Slovenia, Slovakia,
and Hungary had low susceptibility levels.?®

Panel: Top ten countries identified as a source of measles importation
into Europe (2006-07)

Number of cases (2006)

Ukraine (17), Thailand (13), Italy (11), Pakistan (8), India (8),

Romania (6), Spain (6), Germany (5), Morocco (4), Ethiopia (4)

Number of cases (2007)

Switzerland (13), UK (10), Germany (9), Spain (7), Italy (6), India (5),
Pakistan (4), Thailand (4), China (3), Ethiopia (3)

Almost one in five patients were aged 20 years and older for
both 2006 and 2007, and therefore measles cannot be
regarded solely as a childhood disease. Nearly half the
measles cases in 2007 were 5-19 years of age, of which
more than 80% were unvaccinated, although the measles
vaccine has been part of routine national childhood
vaccination throughout Europe since the 1980s. Although we
did not seek detailed vaccination coverage data, this finding
is most probably a reflection of the suboptimum uptake of the
vaccine particularly by these birth cohorts. Moreover,
vaccination coverage levels might have varied enough
throughout the years to result in susceptible populations of
different ages, as exemplified by Switzerland and the UK.
However, since the first dose of measles vaccine is generally
offered after the first year of life, infants remain the most
vulnerable group in the absence of herd immunity.
Consequently, the very high incidence seen in Romanian
infants in 2006 was a result of intense measles transmission
in the country that year.

Although measles in Europe might be perceived as a mild
disease,™ it still causes deaths; seven deaths were reported
during the 2 years of the study. The full extent of mortality is
not completely apparent in the short term because the fatal
complication subacute sclerosing panencephalitis, although
rare, can develop years after acute measles infection.*'
Moreover, measles mortality could be underestimated since
most surveillance systems do not systematically obtain
outcome data, and measles might not be noted on death
certificates. Indeed, death certification errors are well
recognised.:’z’33

We acknowledge that although we reported acute encephalitis
as a complication of measles, other complications such as
pneumonia were recorded only in relation to deaths. Our data
for hospitalisation should be interpreted with caution since no
definition of hospitalisation was used. The term generally
signifies inpatient admission to hospital, but could also be
interpreted to include outpatient ambulatory care at a hospital.
The high rate in 2006 compared with 2007 was mostly caused

by the large number of cases in Romania, where admission of
measles cases is a legal requirement. Future surveillance
should gather more comprehensive data to describe measles
morbidity and mortality more accurately. The form of the data
available meant that we could not use a denominator of
susceptible persons only. However, use of country population
as the denominator, means that the incidences are
comparable with the outcome indicators used by WHO.*
Comparisons between countries should be made with caution
because of different reporting procedures—some countries
reported only laboratory-confirmed and epidemiologically
linked cases, whereas others reported clinical cases without
laboratory confirmation. Absence of laboratory confirmation
could cause overestimation of incidence especially in
countries with few and sporadic cases, because low disease
incidence results in a poor positive predictive value of clinical
diagnosis of measles.* Conversely, passive routine
surveillance systems are notorious for under-reporting and
delayed reporting despite the statutory obligation to report
measles in almost all the 32 participating countries, which
poses further limitations on accuracy of comparisons.

We might have overestimated the indigenous measles
incidence since our data included cases with unknown
importation status. Data for countries identified as sources of
infection should also be interpreted cautiously because no
universal definition for importation was used. Nevertheless,
several strains of measles virus have been identified as
imported with improved surveillance by better identification
techniques.4 Importation of measles has emphasised the
presence of pools of susceptible individuals in the general
population, as occurred in Denmark,* and in particular groups,
as in Belgium.7 Several countries such as Belgium, Denmark,
and the UK, recommend pre-travel measles vaccination to
unvaccinated travellers, without a history of the disease, who
intend to visit measles-endemic countries and those where
measles outbreaks occur.

Despite an overall reduction in measles cases in 2007
compared with 2006, the continued emergence of outbreaks
and persistently high incidence in some European countries
have indicated suboptimum vacci-nation coverage, which will
threaten the success of the measles elimination plan for the
region by 2010. Since imported cases are a potential source of
outbreaks, countries should be aware of possible transmission
within Europe and from other continents to ensure that
appropriate control measures are implemented in a timely
manner. Surveillance networks and formal channels of
communication—e.g., WHO'’s International Health
Regulations37 and the EU Early Warning and Response
System17’38—are important for exchange of relevant
information, including a travel history.

For achievement of the measles elimination goal, awareness
of the disease and commitment by decision makers and public
health authorities in all European countries are essential to
strengthen vaccination programmes. WHQO’s strategic plan for
the European region between 2005 and 2010," stipulates that
vaccination programmes should achieve and sustain a
minimum of 95% coverage with two doses of vaccine and
better target susceptible individuals in the general population
and high-risk groups. We need to identify barriers for measles
vaccine uptake and explore methods to target vulnerable
populations that have been hard to reach with standard
programmes. Records of measles vaccination uptake are also
important to monitor progress and allow early identification of



suboptimum vaccination coverage.

Strengthening of surveillance systems is also necessary for
elimination, which requires suspected measles cases to be
thoroughly and quickly investigated. Both epidemiological and
laboratory investigations are essential for identification of
transmission patterns to improve contact tracing and ensure

important to ascertain trans-mission chains and to assess
country-specific risk. Molecular characterisation for virus
identification has been useful,39 particularly for documentation
of the interruption of endemic measles transmission.>*4°
Failure to implement these elimination strategies by all
European countries raises concerns for the successful and

that spread of disease is swiftly controlled. Improved
surveillance, including measles virus genotyping, is also

continued interruption of measles virus transmission.

Contributors

MM had primary responsibility for coordinating EUVAC.NET’s measles surveillance activities and analysed data, reviewed literature, and wrote the report. HB
gathered and validated the data, and produced the graphics. JW did the statistical analysis and reviewed the report. SG and KM reviewed and commented on the
final version of the report. The EUVAC.NET group processed and supplied national measles data, and commented on the final version of the report.

EUVAC.NET group

Gabriela El Belazi, Heidemarie Holzmann, and Reinhild Strauss (Federal Ministry for Health, Family and Youth, Austria); Tinne Lernout (Scientific Institute of Public
Health, Belgium); Mira Kojouharova (National Centre of Infectious and Parasitic Diseases, Bulgaria); Bernard Kaic (National Institute of Public Health, Croatia);
Chryso Gregoriadou Eracleous and Chrystalla Hadjianastassiou (Medical and Public Health Services, Cyprus); Bohumir KriZ (National Institute of Public Health,
Czech Republic); Annette Hartvig Christiansen (Statens Serum Institut, Denmark); Natalia Kerbo (Health Protection Inspectorate, Estonia); Irja Davidkin (National
Public Health Institute, Finland); Isabelle Parent du Chatelet (Institut de Veille Sanitaire, France); Anette Siedler (Robert Koch-Institut, Germany); Magdalini
Vova-Chatzi (Hellenic Centre for Infectious Diseases Control, Greece); Marta Melles and Zsuzsanna Molnar (National Centre for Epidemiology, Hungary); Thorolfur
Gudnason (Directorate of Health, Iceland); Suzanne Cotter and Sarah Gee (Health Protection Surveillance Centre, Ireland); Stefania lannazzo, (Communicable
Disease Unit, Ministry of Welfare, Italy); Marta Ciofi degli Atti and Antonietta Filia (Istituto Superiore di Sanita, Italy); Jurijs Perevoscikovs (Public Health Agency,
Latvia); Nerija Kupreviciene (Centre for Communicable Diseases Prevention and Control, Lithuania); Pierrette Huberty-Krau (Direction de la Santé, Luxembourg);
Victoria Farrugia Sant'/Angelo and Jackie Maistre Melillo (Health Division, Malta); Hester de Melker and Susan Hahne (National Institute of Public Health and the
Environment, The Netherlands); Qistein Lavoll (National Institute of Public Health, Norway); Pawel Stefanoff and Andrzej Zielinski (National Institute of Hygiene,
Poland); Maria Da Graga Gregdrio de Freitas and Teresa Fernandes (Directorate General of Health, Portugal); Aurora Stanescu and Adriana Pistol (Institute of Public
Health, Romania); Jarmila Lancova and Katarina Palova-Krajcirova (Public Health Authority, Slovak Republic); Alenka Kraigher and Veronika U¢akar (Institute of
Public Health, Slovenia); Maria-Victoria Martinez de Aragén and Isabel Pefia-Rey (Instituto de Salud Carlos Ill, CIBERESP, Spain); Rose-Marie Carlsson, Annika
Linde, and Victoria Romanus (Swedish Institute for Infectious Disease Control, Sweden); Jean-Luc Richard (Federal Office of Public Health, Switzerland); Umit
Ozdemirer and Mehmet Ali Torunoglu (Primary Health Care General Directorate, Turkey); and Antoaneta Bukasa and Joanne White (Health Protection Agency, UK).

Conflict of interest statement
We declare that we have no conflict of interest.

Acknowledgments

We thank the following collaborators within various public health and surveillance institutions: Vanya Mehandzhieva (Bulgaria); Jitka Castkova and Marcela
Smelhausova (Czech Republic); Ulpu Elonsalo (Finland); Theano Georgakopoulou and Eleni Kalamara (Greece); Massimo De Crescenzo, Corrado Cenci, and Lucia
Virtuani, (ltaly); Jelena Curikova (Latvia); Andrew Amato Gauci (Malta), and Miroslaw P Czarkowski (Poland); Judite Catarino (Portugal); Mateja BlaSko Markié
(Slovenia); Eva Maderova and Alexandra Zampachova (Slovakia); Solveig Olsson (Sweden); and Kevin Brown, Claire Cameron, and Mary Ramsay (UK). We also thank
Paolo Guglielmetti (SANCO C3, European Commission) for contributing valuable suggestions and Hannah Lewis (Statens Serum Institut) for proof-reading the first
submitted version and adding useful comments. EUVAC.NET is jointly funded by the European Commission under the public health programme 2003-08 (DG SANCO)
under grant agreement number 2004205 and the Statens Serum Institut, Denmark. The network is co-ordinated by the EUVAC.NET hub within the Department of
Epidemiology, Statens Serum Institut, and is composed of public health and surveillance institutions from the 27 EU member states together with Croatia, Iceland,
Norway, Switzerland, and Turkey.

References

1 Richard JL, Masserey Spicher V. Ongoing measles outbreak in Switzerland: results from November 2006 to July 2007. Euro Surveill 2007; 12: E070726.1.

2 Bernard H, Fischer R, Wildner M. Ongoing measles outbreak in southern Bavaria, Germany. Euro Surveill 2008; 13: 8002.

3 Torner N, Martinez A, Costa J, et al. Measles outbreak in the Barcelona Region of Catalonia, Spain, October 2006 to February 2007. Euro Surveill 2007; 12:
E070222.2.

4 Kremer JR, Brown KE, Jin L, et al. High genetic diversity of measles virus, World Health Organization European region, 2005-2006. Emerg Infect Dis 2008; 14:
107-14.

5 Filia A, Curtale F, Kreidl P, et al. Cluster of measles cases in the Roma/Sinti population, Italy, June—September 2006. Euro Surveill 2006; 11: E061012.2.

6  Georgakopoulou T, Grylli C, Kalamara E, Katerelos P, Spala G, Panagiotopoulos T. Current measles outbreak in Greece. Euro Surveill 2006; 11: E060223.2.

7 Lernout T, Kissling E, Hutse V, Top G. Clusters of measles cases in Jewish orthodox communities in Antwerp, epidemiologically linked to the United Kingdom: a
preliminary report. Euro Surveill 2007; 12: E071115.3.

8  Health Protection Agency. Confirmed measles, mumps and rubella cases in 2007: England and Wales. http://www.hpa.org.uk/hpr/archives/2008/news0808.htm
(accessed Dec 29, 2008).

9 Cohuet S, Morgan O, Bukasa A, et al. Outbreak of measles among Irish travellers in England, March to May 2007. Euro Surveill 2007; 12: E070614.1.

10 Levoll @, Vonen L, Nordbg SA, et al. Outbreak of measles among Irish travellers in Norway: an update. Euro Surveill 2007; 12: E070614.2.

11 Filia A, De Crescenzo M, Seyler T, et al. Measles resurges in Italy: preliminary data from September 2007 to May 2008. Euro Surveill 2008; 13: 18928.

12 Richard JL, Masserey-Spicher V, Santibanez S, Mankertz A. Measles outbreak in Switzerland—an update relevant for the European football championship
(EURO 2008). Euro Surveill 2008; 13: 8043.

13 Schmid D, Holzmann H, Abele S, et al. An ongoing multi-state outbreak of measles linked to non-immune anthroposophic communities in Austria, Germany, and
Norway, March—April 2008. Euro Surveill 2008; 13: 18838.

14 Health Protection Agency, UK. Confirmed measles cases in England and Wales—an update to end of May 2008.
http://www.hpa.org.uk/hpr/archives/2008/news2508.htm#meas0508 (accessed Aug 15, 2008).

15 WHO. Eliminating measles and rubella and prevention congenital rubella infection. WHO European region strategic plan 2005-2010. World Health Organization
2005. http://www.euro.who.int/document/E87772.pdf (accessed June 16, 2008).

16 Ministry of Health, Italy. Circular no.DGPREV.V/10606/P/I.4.c.a.9. of 20 April 2007. Piano Nazionale di Eliminazione del Morbillo e della Rosolia Congentia:
Istituzione di un Sistema di Sorveglianza Speciale per Morbillo. http://www.epicentro.iss.it/focus/morbillo/pdf/sorveglianza-speciale_morbillo.pdf [in Italian]
(accessed July 3, 2008).



19
20

21

22

23

24

25

26

27

28

29

30

31

32

33
34

35
36

37

38

39
40

The European Parliament and the Council of the EU. Decision number 2119/98/EC of the European Parliament and of the Council of 24 September 1998: setting
up a network for the epidemiological surveillance and control of communicable diseases in the community. Official J Eur Communities 1998; L 268/1.
http://eur-lex.europa.eu/pri/en/oj/dat/1998/|_268/_26819981003en00010006.pdf (accessed Dec 17, 2008).

The Commission of the European Communities. Commission decision of 22 December 1999 on the communicable diseases to be progressively covered by the
community network under decision number 2119/98/EC of the European Parliament and of the Council. Official J Eur Communities 2000; L 28/50.
http://eur-lex.europa.eu/pri/en/oj/dat/2000/1_028/I_02820000203en00500053.pdf (accessed Dec 17, 2008).

Eurostat. Statistical Office of the European Communities. http://epp.eurostat.ec.europa.eu (accessed May 19, 2008).

Health Protection Agency, UK. Increase in measles cases in 2006, in England and Wales. http://www.hpa.org.uk/cdr/archives/2006/cdr1206.pdf (accessed June
9, 2008).

Health Protection Agency, UK. Annual Cover of Vaccination Evaluated Rapidly (COVER) report: 2005/06. Summary of trends in vaccination coverage in the UK.
http://www.hpa.org.uk/webw/HPAweb&HPAwebStandard/HPAweb_C/1195733767250?p=1204031508618 (accessed Aug 13, 2008).

Health Protection Surveillance Centre, Ireland. Annual Report 2006. http://www.hpsc.ie/hpsc/AboutHPSC/AnnualReports/File,2667,en.pdf (accessed Aug 11,
2008).

Kalies H, Grote V, Schmitt HJ, von Kries R. Immunisation status of children in Germany: temporal trends and regional differences. Eur J Pediatr 2006; 165:
30-36.

Ministry of Health, Italy. Vaccination coverage. http://www.ministerosalute.it/malattielnfettive/paginalnternaMenuMalattie
Infettive.jsp?id=811&menu=strumentieservizi [in Italian] (accessed Aug 13, 2008).

Andrews N, Tischer A, Siedler A, et al. Towards elimination: measles susceptibility in Australia and 17 European countries. Bull World Health Organ 2008; 86:
197-204.

National Public Health Institute, Finland. Vaccination coverage. http://www.ktl.fi/attachments/suomi/osastot/roko/roto/figure_1_vaccination_coverage_by.pdf
(accessed Dec 17, 2008).

Communicable Diseases Center, Institute of Public Health, Slovenia. Annual reports on coverage, 1999-2006.
http://www.ivz.si/javne_datoteke/datoteke/912-Analizacizvajanja%5B1%5D...03.pdf and
http://www.ivz.si/javne_datoteke/datoteke/1409-Analiza_izvajanja_imunizacijskega_programa_v_Sloveniji_2006.pdf [in Slovenian] (accessed Aug 19, 2008).

Public Health Authority of the Slovak Republic. Evaluation of administrative inspection of vaccination in the Slovak Republic, reports 2000-2007.
http://www.uvzsr.sk/priloha.html/592621/1/vyhodnotenie_kontroly_ockovania_v_sr_k_31_8_2007.pdf?html=1 and
http://www.uvzsr.sk/priloha.html/592622/1/kontrola_ockovania_tabulky_sr.pdf?html=1 [in Slovak] (accessed Aug 21, 2008).

Hungarian Central Statistical Office. Yearbook of Health Statistics, 2000-2006.

Ciofi degli Atti ML, Rota MC, Bella A, Salmaso S, and Gruppo di Lavoro ICONA. Do changes in policy affect vaccine coverage levels? Results of a national study to
evaluate childhood vaccination coverage and reasons for missed vaccination in ltaly. Vaccine 2004; 22: 4351-57.

Garg RK. Subacute sclerosing panencephalitis. Postgrad Med J 2002; 78: 63-70.

Pritt BS, Hardin NJ, Richmond JA, Shapiro SL. Death certification errors at an academic institution. Arch Pathol Lab Med 2005; 129: 1476-79.

Armour A, Bharucha H. Nosological inaccuracies in death certification in Northern Ireland. Ulster Med J 1997; 66: 13-7.

WHO. Surveillance guidelines for measles and congenital rubella infection in the WHO European region. World Health Organization 2003.
http://www.euro.who.int/document/e82183.pdf (accessed Aug 13, 2008).

Hutchins SS, Papania MJ, Amler R, et al. Evaluation of measles clinical case definition. J Infect Dis 2004; 189 (suppl 1): S153-59.

Muscat M, Vinner L, Christiansen AH, Glismann S, Béttiger B. The benefit of molecular characterization during a measles upsurge in Denmark. Vaccine 2007;
25: 6232-36.

WHO. Revision of the International Health Regulations. Resolution WHA58.3, fifty-eighth World Health Assembly, article 13.1. Geneva: World Health
Organization, 2005. http://www.who.int/gb/ebwha/pdf_files/WHA58/A58_55-en.pdf (accessed Dec 17, 2008).

The Commission of the European Communities. Commission decision of 22 December 1999 on the early warning and response system for the prevention and
control of communicable diseases under decision number 2119/98/EC of the European Parliament and of the Council. Official J Eur Communities 2000; L 21/32.
http://eur-lex.europa.eu/pri/en/oj/dat/2000/_021/I_02120000126en00320035.pdf (accessed July 4, 2008).

Mulders MN, Truong AT, Muller CP. Monitoring of measles elimination using molecular epidemiology. Vaccine 2001; 19: 2245-49.

Rota PA, Bellini WJ. Update on the global distribution of genotypes of wild type measles viruses. J Infect Dis 2003; 187 (suppl 1): S270-76.



