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Eliminating measles and rubella is a goal that all 
European countries are committed to meet by 2015 
[1]. However, the latest epidemiological trend in the 
European Union (EU) is unfortunately not reassuring 
in this respect. In 2011 alone, up to August, more than 
28,000 cases were reported already. About one third 
of them required hospitalisation and in the first six 
months of the year, measles was responsible for eight 
deaths and 22 cases of acute encephalitis [2].

Sub-optimal immunisation levels prevented meeting 
the elimination goal in the World Health Organization 
European Region in 2010 and are still a cause for con-
cern. Notwithstanding that measles, mumps, rubella 
(MMR) vaccination is accepted by the vast majority of 
European parents, there is still a relevant proportion of 
children that miss the opportunity of being protected 
with MMR. Even if this proportion is on average lower 
than 10% of the target population, it hinders reach-
ing the elimination goal [3].  There are many reasons 
for sub-optimal vaccination uptake, but one of the 
main obstacles is the false perception of parents that 
believe MMR vaccination to be more dangerous than 
the disease itself.

The article by Delaporte et al. in this issue of 
Eurosurveillance adds new evidence to the need for 
extraordinary efforts that should be put in place also 
in those settings where vaccination coverage levels 
may look satisfactory [4]. Concerted, coordinated and 
politically supported actions are needed in such situ-
ations and healthcare workers should be among the 
main actors. 

Paediatricians, family doctors and health visitors/
nurses are the backbone of all national immunisation 
programmes in the EU. According to a recent survey 
carried out in the 27 EU countries, vaccinations are 
administered at the paediatrician’s office in six, in 
local healthcare centres in nine, and in multiple set-
tings in 12 countries [5]. Whether directly involved or 
not in implementing the programme, family doctors 
are considered by parents as primary and trustworthy 

sources of information on childhood vaccination [6-8]. 
This finding is supported by a recent international 
poll showing that academics and experts are consid-
ered highly credible sources of information in many 
areas [9]. In the specific case of family doctors, the 
bond of trust with parents of young children is particu-
larly strong. A systematic review carried out in 2010 
by Brown et al. shows that parents are more likely to 
trust their general practitioner, health visitor or prac-
tice nurse than the government: this relationship was 
observed in all five studies on the topic and was sta-
tistically significant in three of these [10]. In fact, infor-
mation by the government may be perceived as biased 
by some alleged conflict of interest. 

Correct and coherent information of parents plays a 
key role in the decision making process for vaccinat-
ing or not vaccinating children. Consequently, doc-
tors’ knowledge and positive attitudes towards MMR 
vaccination are crucial to meet the elimination goal. 
Therefore, it is important that information by health-
care providers to parents is balanced and based on evi-
dence. Results of a study by Hilton et al. demonstrated 
that doctors too resolute about the safety of MMR were 
questioned by parents about their motives and knowl-
edge; conversely when healthcare providers sounded 
vague, some parents interpreted this as concern that 
MMR is unsafe [11]. Also a national survey conducted in 
Italy in 2003, showed that lack of appropriate informa-
tion accounted for 22% of the missed or delayed MMR 
vaccinations [12]. 

A survey published in 2001 by the French Committee 
for Health Education among 2,000 general physicians 
showed that 56% were in favour of MMR vaccination, 
but vaccinated depending on the situation and did not 
follow the vaccination calendar systematically [13]. 
Much worse, 6% were not at all or not in favour of MMR 
vaccination. Only 41% were strongly in favour of MMR 
vaccination and vaccinated systematically following 
the vaccination calendar. Similar evidence has been 
collected for healthcare workers in other European 
countries [14-16]. In Germany, for example, a survey 
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carried out in 2008 among 549 midwives showed that 
around 25% of them objected to measles vaccination 
[17].

To reach the elimination goal, the hurdle of at least 
95% coverage with two doses of MMR vaccine has to 
be overcome. Many EU countries are close to reaching 
the goal, but additional commitment has to be put in 
place and should involve all stakeholders. National and 
international public health bodies need to support the 
elimination programme; doctors and other frontline 
healthcare workers are in direct contact with parents 
and children and thus play a paramount role. Often 
parents of young children are either poorly informed 
or, confused by an overwhelming amount of informa-
tion coming from different sources. Evidence from the 
literature shows that paediatricians and family doctors 
are in a good position to empower parents to take an 
informed decision about MMR vaccination for their chil-
dren. The Council of the EU has recently encouraged 
the Members States to increase health professionals’ 
awareness of the benefits of vaccines and strengthen 
their support for immunisation programmes [18]. Public 
health officers and policy makers should thus actively 
involve doctors in the elimination effort and call upon 
them to take an active stand to convince parents of the 
benefits of MMR vaccination.
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Until August, 161 cases of tick-borne encephalitis 
(TBE) were recorded in Sweden for 2011, leading to 
an incidence of 1.7 per 100,000 population. Fifty to 
59 year-olds (24%) were most affected, 55% of the 
cases were males. An increase in TBE in Sweden has 
occurred in the last decade and might be explained 
by enlarged tick populations, more contact between 
TBE virus infected ticks and man, and also by grow-
ing awareness of the disease. Climatic conditions may 
have contributed to the increase.

Until 25 September 2011, two hundred and four patients 
have been diagnosed as tick-borne encephalitis (TBE) 
cases, indicating that 2011 may be a record year for the 
number of TBE cases in Sweden.

Background
Tick-borne encephalitis virus (TBEV) belongs to the 
Flavivirus family, which includes a number of other 
important human pathogens such as yellow fever, 
Japanese encephalitis, West Nile and dengue viruses. 
TBEV is transmitted to man by ticks (Ixodes ricinus 
and I. persulcatus) and is found in three subtypes; the 
European, the Siberian and the Far Eastern subtypes. 
The European subtype is present in Sweden, and the 
first clinical TBE case was recorded in 1954 and the 
virus was isolated in 1959 [1,2]. In Sweden, as well 
as in other countries around the Baltic sea, TBE is 
endemic in the coastal regions, but cases also occur 
around lakes in southern Sweden and on the Swedish 
west coast (Figure 1). In Norway and Denmark, TBEV 
was first described as late as in 2006 [3]. 

Human infection with TBEV may cause a potentially 
serious neurological disease. The vast majority of 
those who are infected will have mild or no symptoms, 
while in patients with more marked clinical illness, 
high fever and encephalitis may occur [4]. About 46 per 
cent of diagnosed patients suffer permanent neurolog-
ical sequelae. The case fatality rate in Europe is less 
than two per cent [5].

Reliable laboratory diagnostics have been available 
since the mid 1950s and the disease has been notifiable 

Figure 1
Location of tick-borne encephalitis cases in Sweden, 2010

The red dots show probable geographical location of infection for 
the cases.
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by reporting to the Swedish Institute for Communicable 
Disease Control (SMI) since 1969. TBE is reported on 
the basis of clinical neurological symptoms and com-
pulsory laboratory confirmation. The number of cases 
was quite stable during the 1960s and 1970s, but has 
increased from the mid-1980s (Figure 2). 

Vaccination
Vaccination was introduced in Sweden in 1988. Three 
doses are needed for protection [6]. Vaccination is 
not subsidised and is only recommended for people 
living or spending time in “high risk areas” (mainly 
the coastal areas of the counties of Uppsala and 
Södermanland, the Stockholm archipelago, around the 
Mälaren lake, and some local foci around the Vänern 
and Vättern lakes). TBE vaccination is not registered in 
Sweden, but the yearly number of sold doses (approxi-
mately 500,000) indicates that the vaccine coverage is 
still low. Only a few investigations on vaccine coverage 
have been performed, suggesting a maximum of 30% 
vaccinees in Stockholm county. 

Increase in Swedish tick-borne  
encephalitis cases
Between 1956 and 1984, the yearly number of TBE cases 
in Sweden ranged from less than 10 to a maximum of 
50. During the period from 1985 to 1999, the average 
number of yearly cases was 63. The number of indi-
viduals infected by TBEV has increased during the last 
11 years (Figure 2). Until August 2011, 161 cases of TBE 
have been recorded in Sweden for 2011, leading to an 
incidence of 1.7 per 100,000 population for the whole 
country. Since TBE is restricted to some parts of the 
country, the incidences for the Södermanland, Uppsala 
and Stockholm counties are much higher, 9.29, 6.55 
and 3.71, respectively. In August only, 83 cases were 
reported, which is more than during any other month 
during the past four years. Up to 25 September 2011, a 
total of 204 cases of TBE has already been reported for 
2011, compared to a total of 174 for the whole of 2010 
(2009:210, 2008: 224). The age group comprising 50 
to 59 year-olds was the most affected (24%) and 55% 
of the cases were males. The age and sex-ratios were 
similar to previous years (Figure 3). 

Figure 2
Number of yearly tick-borne encephalitis cases in Sweden, January 1956– September 2011a (n=3,648)
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As the notification system has varied over the years (notifiable since 1969), the number of cases is not completely comparable over the whole 
time period. 

a	 Data up to 25 September 2011.
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Discussion and conclusions
In 2011, Sweden has seen an increase in notification of 
TBE cases up to 25 September that amounts to numbers 
amongst the highest recorded. Normally, additional 
cases are also reported in October, indicating that 2011 
may be a record year concerning TBE in Sweden.

In our opinion, a potential explanation for the increase 
of TBE cases in Sweden during the last years is a gen-
eral increase of the tick population (T Jaenson, per-
sonal communication, 26 September 2011), although 
human behaviour and contact with wildlife could also 
have contributed.

Factors that help tick populations thrive are among oth-
ers, non-extreme temperatures, high humidity and the 
presence of snow cover during the winter, which acts 
as insulation. The last decades’ increased mean annual 
temperature [7] may have provided more favourable 
conditions for ticks. In particular, the last years’ ample 
snow cover, early springs with rapidly increasing tem-
peratures as well as the not too hot or dry summers 
may have been important positive factors for tick sur-
vival and reproduction success [8,9]. However, climatic 
factors alone may not be sufficient to contribute to an 
increase of the tick-population. The density of the most 
important blood sources, e.g. rodents, deer or hares, is 
also important. 

Factors concerning human exposure to ticks may be 
favourable weather and abundance of mushrooms or 
berries which stimulates outdoor activities. In recent 
years, springs have been warmer than before [10], the 
summers and autumns have been relatively warm, all 
of which are likely to have increased human exposure 
to ticks.

In conclusion, we believe that weather is likely to have 
stimulated both tick populations and human expo-
sure resulting in an increase in human cases in 2011 
in Sweden.
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Figure 3
Age and sex distribution of tick-borne encephalitis cases, 
Sweden, 2006–2010 (n=954)
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As a follow-up of a retrospective survey on tick borne-
encephalitis (TBE) in 2008, the European Network for 
Diagnostics of “Imported” Viral Diseases launched a 
new survey in 2010, to collect broader information on 
TBE prevalence between 2007 and 2009 and to observe 
possible changes compared to the previous data. A 
two-part questionnaire was mailed to contact points 
in all European Union (EU) Member States and four 
non-EU countries (Bosnia and Herzegovina, Norway, 
Russia, and Switzerland). The first part was identical 
to the 2008 survey, requesting information on case 
definition, diagnostic methods, investigations regard-
ing tick-transmitted diseases, endemic foci mapping, 
vaccination programmes, and recommendations for 
travellers. The second newly added part, inquired 
about geographic and seasonal distribution of TBE 
cases, imported cases, TBE subtypes, animal cases, 
and prevalence in ticks and wildlife hosts. Of 28 partic-
ipat-ing countries, 16 had TBE as a notifiable disease, 
as in the first survey. In the 2007–2009 period, the 
total number of notified cases (17,818) was lower than 
in 2004–2006 (21,339 cases), also when subtracting 
Russian cases (8,207 vs 9,073 cases respectively). The 
highest reported incidence was 18.5 per 100,000 pop-
ulation in Lithuania in 2009. The 2010 study showed 
that increased numbers of countries used PCR and 
nucleotide sequencing for particular investigations. 
Most countries, however, relied on specific antibody 
detection by enzyme linked immunosorbent assay for 
TBE laboratory diagnosis. Disparities nevertheless 
remained across countries regarding case definitions, 
and surveillance and prevention activities. To under-
stand changing patterns in TBE transmission, surveil-
lance strategies including screening of vector ticks 
and testing of animal hosts should be harmonised and 
done more systematically in Europe. Collected data 
will support rec-ommendations concerning diagnos-
tic and mapping methods, case reporting, vaccination 
programmes and information campaigns.

Introduction 
Tick-borne encephalitis (TBE) is due to a zoonotic arbo-
virus infection of the central nervous system (CNS) 
and affects humans. With an average of about 9,000 
reported cases of TBE per year in Europe and Russia 
between 1990 and 2007, it is the most important tick-
borne viral disease in Eurasia [1-7]. TBE is caused by TBE 
virus, a virus species of the genus Flavivirus within the 
Flaviviridae family, with three subtypes: the European 
subtype, the Siberian sub-type and the Far Eastern sub-
type [8,9], which are associated with varying degrees 
of disease severity [1-3,10-12]. More detailed informa-
tion on the clinical picture, case definition and other 
issues of interest are available in a TBE fact sheet on 
the European Network for Diagnostics of “Imported” 
Viral Diseases (ENIVD) website [http://www.enivd.org] 
or in the 2010 spotlight for tick-borne diseases on the 
European Centre for Disease Prevention and Control 
(ECDC) website [http://ecdc.europa.eu].

In nature, TBE virus is propagated in a cycle involving 
permanently infected ticks and small mammals, espe-
cially rodents. Virus transmission occurs horizontally 
between tick vectors and vertebrate hosts, particularly 
between spring and autumn. In addition, co-feeding of 
infected and non-infected ticks on the same host as 
well as trans-stadial and trans-ovarial transmission of 
the virus, play a major role in virus transmission [13]. 
While most TBE virus infections of humans occur fol-
lowing the bite of an infected tick, alimentary routes of 
TBE virus transmis-sion by raw milk consumption have 
also been described [14-19].

The principal vector of the European TBE virus subtype 
is Ixodes ricinus, and for the two other subtypes I. per-
sulcatus [3,20,21]. Although the virus has been iso-
lated from several other tick species [1], only the two 
mentioned ixodid tick species appear to play an impor-
tant role in virus maintenance [13]. Therefore, the epi-
demiology of TBE is strongly influenced by the ecology 
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and biology of ixodid ticks [2,3,20,21]. Unlike other 
tick-borne diseases, such as Lyme borreliosis, TBE is 
distributed in an endemic pattern of so-called natural 
foci over a wide geographical area covering northern 
Asia, Russia and central Europe. The distribution of 
TBE subtypes is closely related to the presence of the 
respective tick vectors in a certain geo-graphical area 
[2,6,20,21]. Co-circulation of two or all three subtypes 
was demonstrated in the Baltic states and Finland 
[22,23]. 

Countries with high-risk areas, i.e. with an incidence of 
over 10 per 100,000 population, are the Czech Republic, 
Estonia, Latvia, Lithuania, Russia and Slovenia. 
TBE is also an important issue in Germany, Poland, 
Switzerland, Sweden, Finland, Slovakia and Hungary 
[24,25]. Although TBE has a lower public health impact 
in Denmark, France, Greece, Italy, Norway and Turkey, 
new TBE foci or possible occurrence of TBE virus are 
reported in these countries [25-27]. Austria is the only 
country with progressively decreasing incidence rates 
since 1981 due to its vaccination campaign, but the 
occurrence of TBE may be relevant to unvaccinated 
tour-ists [24,25,28]. 

TBE is a growing concern in Europe, as an increase of 
TBE incidence has been observed in some risk areas 
and new foci have appeared in the last decade [29]. But 
the surveillance and notification schemes are not uni-
form, not always mandatory, and may affect the preva-
lence estimates for the disease in certain regions. Main 
problems are the lack of a Europe-wide standard case 
definition, varying diagnostic procedures and wide 
differences in the intensity and quality of national 
surveillance of TBE cases [25,28]. Thus, surveillance 
data from different countries are difficult to compare. 
Furthermore, little is known about the true TBE virus 
prevalence in tick populations or about the circulation 
of new subtypes in Europe.

A first survey was conducted by the ENIVD in 2008 
on surveillance, prevention and labora-tory activi-
ties concerning TBE, with 22 participating countries 
[25]. Although the 2008 study covered a period from 
2004 to 2007, the data recovered in 2007, when the 
respective national programs were ending their annual 
surveillance, were minimal compared to the three con-
secu-tive previous years. Here, we describe the results 
of a second more extended survey launched in 2010 
aimed at collecting broader information on TBE preva-
lence between 2007 and 2009, and also allowing the 
comparison of two three-year intervals, between 2004 
and 2009, to detect possible changes in TBE assess-
ment and prevalence. 

Methods 
To request information on TBE diagnostics, surveil-
lance and prevention activities in national surveil-
lance systems, a two-part questionnaire was mailed 
to contact points in all Member States of the European 
Union (EU) and four non-EU countries (Bosnia and 

Herzegovina, Norway, Russia, and Switzerland) based 
on an ENIVD database of expert microbiologists and 
epidemiologists. The first part of the questionnaire 
was identical to the previous ENIVD-survey in 2008 
[25] asking whether TBE was notifiable, and requesting 
information on annual case numbers, case definition, 
type of diagnostic methods, investigations regarding 
tick-transmitted diseases, mapping of endemic foci, 
vaccination programmes, and recommendations for 
travellers. The second part of the questionnaire was 
designed to collect more information about the recent 
situation for TBE on a more detailed scale with new 
questions as follows:

•	 Did you observe a change in the known geographic 
distribution of TBE in your country? If yes, is the 
range expanding or decreasing? 

•	 Did you register human cases during winter? 
•	 Which TBE subtypes are involved in general? 
•	 Did you register imported cases? 
•	 Do you have reports of clusters of cases? 
•	 Do you have reports of cases in livestock or compan-

ion animals (pets)? 
•	 Do you have information regarding prevalence in 

ticks/wildlife hosts? If yes, for which region? If not, 
do there exist plans to monitor ticks/wildlife hosts 
in the near future? 

All contributors are listed in the acknowledgements 
section. The completed questionnaires were returned 
during the spring trimester of 2010. The TBE case 
numbers for 2009 were added afterwards, in summer 
2010, in order to receive the complete notified data. 
Therefore, the results of this survey reflect national 
surveillance systems and case numbers for TBE up to 
these dates. Bosnia and Herzegovina and Romania did 
not contribute data to some of the re-sults presented 
in this study. As our goal was to obtain an overview 
on the assessment and situation of TBE in Europe, and 
Europe’s eastern geographical frontier is delineated 
by the Ural Mountains in Russia, the TBE situation in 
Russia was surveyed. It is to be noted, however, that 
the Russian data presented here are for the whole 
country, including the non-European parts of Russia. 

Results 
Of 31 contacted countries, 28 (24 EU and four non-EU 
countries) participated in this survey, equivalent to a 
recovery rate of 90% (recovery rate from the first sur-
vey in 2008: 22 of 30 contacted countries, 73%) (Figure 
1). Six additional countries participated compared to 
the first survey and included Bosnia and Herzegovina, 
Bulgaria, Denmark, Malta, Romania, and the United 
Kingdom.

Case reporting
At the time of the survey, TBE cases were mandatorily 
notifiable in 16 of the 28 participating countries (57%). 
No information on this item was given by Romania 
(Figure 1). Of the 16 countries with TBE notification, five 
(Austria, Germany, Hungary, Norway, Slovenia) had a 
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case definition based on clinical criteria and laboratory 
confirmation, five (Czech Republic, Estonia, Finland, 
Greece, Poland) additionally included an epidemio-
logical link (e.g. tick exposure or recent travel in TBE 
endemic area) in the case definition, and the remaining 
six countries had no official or clearly formulated case 
definition (Table 1). During the survey, Finland and 
Sweden reported that their case definitions were still 
under discussion by a Bal-tic/Nordic working group on 
tick-borne diseases since 2007. In comparison to the 
first survey in 2008, changes could be observed for 
Norway now having formulated a case definition; and 
for the Czech Republic, Greece and Poland where an 
epidemiological link has been included into their exist-
ing case definitions.

Although case definitions were provided by ten 
countries, differences still could be seen in the clas-
sification of relevant TBE cases according to clini-
cal symptoms (e.g. classifications in Austria, Czech 
Republic, Hungary, Norway, or Slovenia), as well as in 
the application of laboratory tests for case confirmation 
(Table 1). Commonly, the routine laboratory diagnosis 
of TBE is based on the detection of specific antibod-
ies by enzyme linked immunosorbent assay (ELISA) as 

done in 25 participating countries (96%; first survey in 
2008: 91%). The application of reverse transcriptase-
polymerase chain reaction (RT-PCR) and sequencing 
(SEQ) – which are included for particular investigations 
(e.g. tick/host infectivity studies or severe cases) – has 
dramatically increased in comparison to the first sur-
vey. The RT-PCR is applied by 17 countries (65%; 2008: 
45%) and SEQ by 13 countries (50%; 2008: 1/22, i.e. 
4.5%). Other methods included virus neutralisation 
test (six countries), immunofluorescence assay and 
virus isolation (five countries each), haemagglutination 
inhibition assay (four countries), and complement fixa-
tion test and Western blot (two countries each), respec-
tively. No information on this item was given by Malta 
and the United Kingdom which are both non-endemic 
areas (Table 1). 

Surveillance activities
Information on further investigations regarding tick-
transmitted diseases was provided by 21 countries 
(Table 1). Human survey studies on TBE (11 countries) 
and borreliosis (12 countries) were mainly conducted, 
followed by surveys on other less common tick-trans-
mitted diseases/pathogens like rickettsiosis in seven 
countries; anaplasmosis/ehrlichiosis in four countries; 
Crimean-Congo haemorrhagic fever virus and other 
arboviruses in two countries. Surveys on prevalence of 
TBE virus in tick populations were also performed in 10 
countries and on prevalence of borrelia in 11 countries; 
followed by tick surveys for anaplasma/ehrlichia in 11 
countries; babesia in six countries; rickettsia in four 
countries; Crimean-Congo haemorrhagic fever- and 
louping ill virus each in one country; and only for tick 
density/activity in two countries. Finally, three coun-
tries reported to conduct TBE serosurveys in animals/
livestock. Although most of these investigations are 
based on research funds and are hence not systemati-
cally done, a slight increase of those activities could be 
observed in general compared to the first survey. 

A total of 17 countries provided information on what 
kind of data their TBE risk assessments are based on 
(Table 1). The mapping of risk areas is mainly based on 
the geographical inci-dence of autochthonous clinical 
cases (14 countries) and/or human seroprevalence data 
(four countries), while nine countries also included 
data on infected ticks in the risk assessment, and only 
two countries used data from natural animal reservoirs 
(e.g. rodents). In Belgium, Bulgaria, Denmark, Estonia, 
and Greece epidemiological assessment for mapping 
of TBE risk areas is in progress or planned. 

Tick-borne encephalitis incidence  
and prevalence 
As in the first survey, 16 countries reported to have TBE 
as a notifiable disease. The numbers and incidence 
rates of notified cases in these countries per year are 
shown in Figure 2 (except Greece with no reported TBE 
cases up to date). The overall number of notified cases 
during the currently observed three-year interval (17,818 
cases from 2007 to 2009) decreased in comparison to 

Figure 1
Form of notification for tick-borne encephalitis in 
European countries and Russia participating in the survey, 
2010 (n=28) 

Countries with mandatory tick-borne encephalitis notification, 
n=16
Countries with non-notifiable disease or notification as part of 
general meningitis or encephalitis surveillance, n=11
Country gave no information on this issue
Country did not participate in the survey
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Figure 2
Annual case numbers and incidence rates per 100,000 population of tick-borne encephalitis, by country where tick-borne 
encephalitis is mandatorily notifiable, 2010 (n=16)
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the last interval (21,339 cases from 2004 to 2006), also 
when subtracting Rus-sian cases (8,207 vs 9,073 cases 
respectively). Looking at incidence values we cannot 
observe any clear trend as overall incidence rates have 
fluctuated from year to year. These fluctuations may 
well reflect that changes in TBE incidence are due to a 
complex interrelation of several factors, such as social 
(e.g. socio-political changes, human leisure activities), 
ecological (e.g. effect of climate change on vectors dis-
tribution) and/or technological factors (e.g. advanced 
diagnostics and medical awareness). Incidence rates 
were particularly high (over 10.0 per 100,000 popula-
tion), fluctuating with peaks, in four countries: Estonia, 
Latvia, Lithuania and Slovenia. On the other hand, 
incidence rates have been rather low (under 1.0 per 
100,000 population) all throughout the six years of 
the studies in Finland, Germany, Hungary, Norway and 
Poland. The epidemiological and laboratory sources of 
information for the TBE surveillance data are listed in 
Table 2.

None of the previously participating non-endemic 
countries, i.e. Belgium, Greece, Portugal, Spain, and 
the Netherlands became endemic during the period 
between the first and this survey. Also, Bosnia and 
Herzegovina, Malta and the United Kingdom, as new 
participants, did not report any indigenous occurrence 
of TBE. Bulgaria reported one case in 2009, but had 
none in 2007 and 2008 (data not shown). Since Bulgaria 
participated for the first time in our survey, we can-
not determine whether this indicates a new endemic 
country. Belgium, Bosnia and Herzegovina, Bulgaria, 
Greece, Hungary, Malta, Norway, Poland, Portugal, 
Romania, Slovakia, Spain, the Netherlands, and the 
United Kingdom reported no change or no informa-
tion about a change in geographical distribution. The 
remaining 14 countries declared that TBE is expanding 
within their borders (Table 3). The European situation 
with these new endemic areas is roughly depicted in 
Figure 3. 
Summarised, there is an overall expansion in the geo-
graphical range of TBE towards each direction, as well 
as filling in not yet endemic areas within countries.

Together with the particular surveillance activities 
described above, 13 of the participating countries were 
able to trace and report imported TBE cases (Table 3). 
Although in most coun-tries this was a rare event with 
one or only a few cases, this underlines the impor-
tance of travel recommendations. It also reflects an 
enhanced awareness for imported diseases in general 
and the capability to diagnose an imported TBE case in 
particular. 

Clusters of cases were reported from 13 of 21 countries 
responding to this particular question in the survey. 
TBE cases during the winter were reported from nine 
countries, while 13 coun-tries did not observe cases 
during the winter. No information was available from 
the remaining six countries (Table 3). Subtypes dif-
fering from the predominant European subtype (as 

registered in 13 countries) were additionally reported 
from Finland and Estonia (Siberian sub-type), and 
from Russia and Latvia (Siberian and Far Eastern sub-
types). For Lithuania the information for the subtypes 
was not available, unfortunately, because of the geo-
graphic location it would have been interesting to 
learn whether only Siberian or both other subtypes are 
present. For the other countries, which did not provide 
data concerning the subtype involved, we can assume 
with certainty that it is predominantly the European 
subtype (Table 3). 

Animal cases
Cases in animals were reported from Austria, Czech 
Republic, Sweden, and Switzerland but no specif-
ics about the clinical presentation or the animal spe-
cies are provided except for do-mestic pigs in Austria 
[17] and dogs in Sweden (Table 3). Finland and Italy 
reported only antibodies in animals with no correlat-
ing disease. In contrast to these few reports, almost all 
participating countries were investigating TBE in ticks 
or in wild animals or are planning to do so in near future. 
However, as shown in Table 3, many of these investiga-
tions seem to have more local character and are not 
planned for the entire area of the respective country. 
Only Denmark, Estonia, Italy, and Spain are not inves-
tigating ticks and wildlife animals and are not planning 
this, while Belgium, Finland, Slovenia, and Switzerland 
are monitoring the entire country. The remaining coun-
tries are investigating particular regions of interest but 
these studies only provide a patchwork of information, 
not a systematic overview. 

Vaccination policy
Besides Austria, Finland, Germany, Hungary, Latvia, 
Russia, Slovenia, and Switzerland, since the last sur-
vey also Italy recently included TBE vaccination in an 
official governmental vaccination programme under 
certain country-specific conditions. In the remaining 
17 countries, it is available as an optional vaccination, 
partly recommended, but not reimbursed by national 
health systems. No information on this item was given 
by Bosnia and Herzegovina and Romania (Table 1). 

Travel recommendations
A total of 18 countries stated that they had more or less 
official recommendations regarding TBE vaccination for 
people travelling to endemic areas, while the other par-
ticipating countries did not provide information on this 
issue (Table 1). Although the responses to this part of 
the questionnaire suggested that not all contact points 
had interpreted the question in the same way, it can be 
deduced that information for travellers is given for fol-
lowing purposes (updated since the last survey):

(i) Recommendation included in national vaccina-
tion programme for citizens visiting en-demic regions 
(stated by Austria, Germany and Poland);
(ii) Information on the endemic status of a country for 
citizens and visitors, including pre-vention measures 
(limited information in the Baltic states, Denmark, 
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Slovakia and Slovenia; and comprehensive information 
in Finland, Sweden and Switzerland); 
(iii) Information on the endemic status of foreign coun-
tries for citizens travelling abroad, including prevention 
measures (stated by Belgium, France, Greece, Norway, 
Portugal and Spain).

Discussion 
Since our first survey in 2008 [25], six additional coun-
tries (Bosnia and Herzegovina, Bul-garia, Denmark, 
Malta, Romania, and the United Kingdom) provided 
data regarding their TBE epidemiological situation, 
which gave a more comprehensive picture for Europe. 
Bosnia and Herzegovina reported that TBE is not of pub-
lic health importance and that the country is only reg-
istering imported cases every year. From Romania we 
know that a regional surveillance of TBE neuroinvasive 
infections has been started in June 2008 by the Public 
Health Institute in Cluj, including patients with an epi-
demiological link (residents of previously confirmed 
endemic areas, tick bite, occupational exposure, or 
consumption of raw milk/milk-products from infected 
animals), but further details were not available. So, 
unfortunately, the TBE epidemiological situation for 

Romania and other eastern European countries, which 
did not participate in this survey, still remains unclear. 

Knowledge about endemic foci is currently almost 
exclusively based on reported human cases. As in 
the first survey, 16 of the 28 participating countries 
reported to have TBE as a notifiable disease. A variety 
of (laboratory) case definitions exists mostly aiming at 
taking the particular level of endemicity into account. 
While about one third of those countries with TBE 
notification use a combination of clinical picture and 
laboratory testing, a further third adds epidemiologi-
cal aspects, while in the remaining third no officially 
approved case definition exists. 

For the latter, it is questionable how valid the number 
of officially recorded TBE cases is. Among these coun-
tries are those with high incidence rates suggesting 
that TBE is a disease “easily” diagnosed by any physi-
cian. We doubt that this procedure is helpful in order 
to precisely estimate cases and consequently to assess 
infection risks in these particular countries. Likewise, 
it would be important to know, who is reporting TBE 
cases in countries where this disease is a rare event 
and on what ground. It is hard to judge if the reported 
numbers reflect the reality. We conclude that having a 
clear standardised case definition for surveillance pur-
poses is a must in reporting numbers of a notifiable 
disease such as TBE regardless whether it is highly 
prevalent or not. For an appropriate collection of epi-
demiological data, minimum criteria for a standardised 
TBE case definition should be to include all relevant 
types of CNS symptomatic (aseptic meningitis, menin-
goencephalitis and/or meningoencephalomyelitis), 
at least laboratory-confirmed by detection of specific 
antibodies in serum or cerebrospinal fluid, in order to 
avoid under-ascertainment of cases. 

In comparison to the last survey, the number of coun-
tries using molecular diagnostics has increased mark-
edly with more than half of the countries using PCR 
techniques and nucleotide sequencing. RT-PCR meth-
ods can be of great diagnostic value in the early diag-
nosis of TBE and in the discrimination among virus 
subtypes, but only if the patient is hospitalised dur-
ing the febrile first (viremic) phase of infection [35]. 
However, as outlined in Table 1 molecular diagnostic 
methods are mainly used for research purposes and 
not for clinical diagnostics. A former external quality 
assurance (EQA) showed that RT-PCRs used in labora-
tories do not discriminate between TBE virus subtypes 
[36]. Co-circulation of Siberian and European TBE virus 
subtypes were reported from Finland and Estonia, and 
co-circulation of all three subtypes is known to occur in 
Russia and Latvia. This has to be taken into account in 
these countries. 

Some recent reports from single countries provide 
good data and strong evidence for a change (expan-
sion) in geographical distribution of TBE [25-27] but in 
most European countries similar assumptions are just 

Figure 3
Areas of known occurrence of tick-borne encephalitis in 
Europe, 2010

Data of each country surveyed were transferred to the 
geographical map of Europe with red showing known TBE virus-
endemic areas. 
Data from the Crimea peninsula [31,32] and from Albania [33,34] 
were taken from older maps and the literature, and are not based 
on our survey data. 

Known TBE virus-endemic areas
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a guess, so the rationale for the second part of our 
questionnaire was to get solid, first hand data from 
European countries that may relate to travel, climate 
change and similar. Many participating countries pro-
vided detailed description of new endemic areas which 
will be a great basis for a TBE atlas we intend to create 
in the near future.

From an epidemiological point of view, clusters are 
more reported cases than average and expected by 
chance, in a given time period (although this is not 
defined) in a certain area. As such, they are an indica-
tor of unusual transmission patterns or other reasons 
leading to more cases than “normal”. Since we have 
not defined the term cluster in our questionnaire, we 
assume that contact points have interpreted this dif-
ferently. Alimentary infection is well known leading to 
such clusters and three countries reported such events 
during the observation period [17-19]. The other clus-
ters may also relate to an undiscovered alimentary 
source or may relate to a natural focus with high preva-
lence of TBE virus in ticks and a high local transmission 
(e.g. an attractive and highly frequented recreational 
area). 

Inactivated vaccines are available to prevent TBE in 
humans and many studies have demon-strated their 
safety and efficacy [37]. Consequently, the vaccine 
coverage has a major influence on disease occurrence. 
Calculation of vaccination rates is based on sold vac-
cine doses per year and country, but the true protec-
tion rate depends on the correct basic immunisation 
scheme which includes three injections for each indi-
vidual. Thus, the number of sold vaccine doses does 
not reflect directly the percentage of correctly vac-
cinated and thus protected persons. So, caution is 
necessary when, for 11 of the participating countries, 
the percentage of vaccine coverage is compared with 
incidence (personal communication, Peter Gerold, 
Baxter, 17 August 2010) [29]. In fact, such comparison 
would only be useful in a situation of similar incidence 
rates but different percentages of vaccine coverage or 
vice versa. Nevertheless, the well known example of 
Austria with a high prevalence of TBE virus has by far 
the highest vaccine coverage (88% of the total popula-
tion have a history of TBE vaccination) and an incidence 
below 1 per 100,000 population. Using the neighbour-
ing Czech Republic (16% vac-cine coverage, incidence 
7.8 per 100,000 population) and Slovenia (12%, 13.1 
per 100,000 population) provides strong evidence for 
the negative correlation of vaccination and incidence. 
However, Slovakia (1%, 1.3 per 100,000 population) 
would argue against it, clearly showing that a com-
parison is not useful without knowing the prevalence 
in each country. In light of the increasing frequency of 
reported imported and travel associated cases of TBE, 
more emphasis has to be put on educating the popula-
tion in endemic areas as well as providing travel recom-
mendation that certainly include vaccination [29,38]. 

The participating countries mainly applied the surveil-
lance data from clinical cases as an indicator for pre-
dicting endemic foci and for recommending preventive 
measures. Due to the fact that we observed TBE cases 
in winter, recognised imported cases all over Europe, 
and wit-nessed a geographical expansion within 
known endemic areas, as well as new spread outside 
the known foci, epidemiology of TBE seems to become 
more complex than previously thought. In order to 
understand the changing patterns in TBE transmis-
sion we strongly recommend putting more emphasis in 
developing new surveillance strategies. These should 
include screening of vector ticks by RT-PCR in sus-
pected foci but more importantly the serological test-
ing of animals (wildlife, livestock and companion) for 
prevalence studies of TBE virus (and other important 
tick-borne diseases). Some of the participating coun-
tries started such programmes, but these should be 
harmonised and done more systematically on the Euro-
pean level. 

The international awareness for TBE is on the rise, and 
at EU level, TBE is considered of high relevance and a 
series of activities have been launched with the goal 
of improving awareness of this tick-transmissible dis-
ease [7]. Our survey contributes to this end by provid-
ing detailed information concerning TBE epidemiology 
for most European countries. The results of our study 
will help to develop further recommendations for the 
standardisation and quality control in TBE diagnostics, 
surveillance and prevention activities
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Despite high immunisation coverage, several measles 
outbreaks occurred in the canton of Geneva between 
2003 and 2010, with 161 reported cases (52 in 2003, 
16 in 2005 and 93 in 2007–2010). It affected mainly 
10–14 year-old children in 2003 (31%), and adults 20 
years and older in 2005 (75%) and 2007–2010 (39%). 
Several cases were imported from neighbouring can-
tons and countries, as confirmed by the diversity of 
the genotypes identified (D8, D6, D5, D4 and G3). 
Infections were mainly transmitted via family (54%) 
and school (22%) in 2003, hospital (71%) and family 
(29%) in 2005, and family (55%) and school (26%) in 
2007–2010. In 2003, 6% of infected patients were vac-
cinated, 27% in 2005 and 2% in 2007–2010, none of 
them with two doses of measles-containing vaccine. 
Between 2003 and 2008, measles vaccine coverage, 
particularly for the second dose, increased by 23 per-
centage points to 91.7% in the 28 month-olds, by 27 
points to 92.3% in the 5–6 year-olds, and by 19 points 
to 86% in the 13–14 year-olds. In a cosmopolitan set-
ting where immunisation coverage is high but not suf-
ficient to eradicate measles, outbreaks can be limited 
by efficient surveillance and early control measures. 
Catch-up vaccination needs to be reinforced among 
teenagers and young adults.

Introduction 
In Switzerland, measles immunisation with a single 
dose of monovalent vaccine has been recommended 
since from 1976. In 1985, this vaccine was replaced by 
one dose of the measles-mumps-rubella (MMR) vaccine, 
and in 1996, a second dose of the MMR vaccine was 
introduced. Currently, the first dose is recommended at 
the age of 12 months, and the second at 15–24 months. 
In the canton of Geneva, measles immunisation cov-
erage in children aged 28 months was 89.7% for the 
two vaccine doses in 2007, after a continuous progres-
sion since its introduction [1]. This increase resulted, 
at least in part, from continuous efforts of physicians 

to vaccinate infants, health authorities providing regu-
lar individual information to parents, and media cover-
age of local measles-related events. However, several 
measles outbreaks have been recorded in this canton 
since 2003, with a total of 161 cases at the end of 2010. 
Following two outbreaks in 2003 and 2005, several 
outbreaks occurred in quick succession between 2007 
and 2010 in the wider context of a national epidemic.

Measles eradication is a public health priority at both 
national [2] and European level. The World Health 
Organization (WHO) had set the goal of eliminating 
measles in Europe by the end of 2010 [3], but this 
has recently been postponed to 2015 [4]. In order to 
achieve this goal, an immunisation coverage of at least 
95% with two doses is necessary [5]. The immunisa-
tion coverage in the Geneva canton approaches this 
threshold, but it appears still too low and too recent to 
provide herd immunity so as to stop the transmission 
of the measles virus [1]. Measles outbreaks regularly 
occur as a result of the progressive increase, during 
inter-epidemic periods, of non-immunised people and 
young adults vaccinated with only one dose, in addi-
tion to the regular importation of measles from neigh-
bouring regions.

This article describes the measles outbreaks that 
occurred in the canton of Geneva between 2003 and 
2010 and aims to assess whether an efficient alert sys-
tem related to early and effective measures is able to 
control measles outbreaks in a canton where immuni-
sation coverage is suboptimal to eliminate measles.

Methods
Surveillance of measles cases
In Switzerland, physicians have been required since 
1999 to notify within 24 hours to the cantonal health 
authorities all cases presenting the symptom triad 
of fever, maculopapular rash, and one or more of the 
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following symptoms: cough, rhinitis or conjunctivitis. 
This initial notification is followed by another, more 
detailed notification. Similarly, since 1988, laborato-
ries are obliged to notify all confirmed measles cases 
within 24 hours.

Our analysis was based on measles cases in the canton 
of Geneva that were notified by physicians and labora-
tories between 1 January 2003 and 31 December 2010. 
It also included cases in contacts, defined as cases 
who did not seek medical consultation and were thus 
not included in the mandatory notification but instead 
reported orally by physicians or patients and investi-
gated by the cantonal health authority. 

Notification data from suspected cases with a nega-
tive laboratory result or post-vaccination measles (one 
case) were excluded. The analysed cases were classi-
fied as clinical or confirmed cases. Clinical measles 
was defined as the occurrence of a generalised rash 
associated with fever and one or more of the following 
symptoms: cough, rhinitis or conjunctivitis. A case was 
considered confirmed if there was i) a positive labora-
tory test (measles-specific IgM, RT-PCR, virus isolation 
or IgG seroconversion/IgG titre increase) and at least 
one of the aforementioned clinical signs, or ii) clinical 
measles with an epidemiological link to a laboratory-
confirmed case.

In selected cases, the viral genotype was identified 
in saliva samples by the Robert Koch Institute, Berlin, 

Germany, and, from 2007 onwards, by the Central 
Laboratory of Virology of the University Hospital of 
Geneva (HUG).

Imported measles referred to cases where the virologi-
cal or epidemiological data confirmed that the expo-
sure occurred outside the canton or country during the 
7–21 days before onset of the rash [3]. A case linked to 
imported measles referred to a locally infected patient 
in the setting of a transmission chain that started with 
the imported case.

Surveillance of immunisation coverage
The method used to collect data has been described 
in detail previously [6,7]. The annual immunisation 
coverage involved children at the age of 28 months, 
5–6 years, and 13–14 years in a given year between 
2003 and 2008. After this date, the sampling method 
changed. The indicator used to analyse the immunisa-
tion coverage and its evolution was the proportion of 
children who received either one or two doses of the 
measles vaccine. We analysed only data from chil-
dren whose vaccination records were available and 
interpretable.

Analysis of measles cases and immunisation cover-
age of children aged 28 months was conducted using 
SPSS software for Windows, version 18. For school-
aged children, Stata software, version 10, was used. 
Comparisons between the groups were performed by 
means of the chi-squared test; a two-sided p value of 

Figure 1
Epidemic curve of measles cases and transmission chains, Geneva canton, 2003–2010 (n=161)
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0.05 was considered statistically significant. For the 
measure of immunisation coverage, 95% confidence 
intervals (CI) were employed.

Results
Census of the cases
Between 2003 and 2010, three large measles out-
breaks followed one another in the canton of Geneva 
(453,000 inhabitants in 2009), with a total of 161 cases 
reported to the General Directorate of Health (Direction 
générale de la santé, DGS) (Figure 1). The duration and 
intensity of these outbreaks were variable. In 2003, 
52 cases were reported over a period of five months 
(annual incidence rate of 12.0 per 100,000 inhabitants), 
while in 2005, 16 cases were reported over four months 
(annual incidence rate of 3.6 per 100,000 inhabitants). 
In contrast, the series of outbreaks between 2007 and 
2010 was especially long, with 93 cases occurring over 
47 months (annual incidence rate of 5.1 per 100,000 
inhabitants). After an initial outbreak of 43 cases over 
five months in 2007 and another one of 23 cases over 
five months at the beginning of 2008, several out-
breaks with very low case numbers and duration fol-
lowed, with isolated cases also occurring.

In 2003, 37 confirmed cases were reported (19 labora-
tory-confirmed and 18 with an epidemiological link to 
a laboratory confirmation), 16 in 2005 (14 laboratory-
confirmed and two with an epidemiological link), and 
86 in 2007–2010 (62 laboratory-confirmed and 24 with 
an epidemiological link). In 2003, 43 of 52 cases were 
reported as part of the mandatory notification sys-
tem, compared with all 16 cases in 2005 and 78 of 93 
cases in 2007–2010. The other cases (nine in 2003 and 
15 in 2007–2010) were identified by active case find-
ing among patients, their contacts, and physicians’ 
practices.

In 2003, the median duration between the onset of 
symptoms (medical consultation date is generally 
unknown) and receipt of the first written notification 
by the physician or laboratory was nine days. For the 
16 cases occurring in 2005, this duration was 13 days 
for the first eight cases and 8.5 days for the final eight 
cases. Comparing the first 10 cases in 2007 with the 
nine cases in 2010, it decreased from 8 to 6.5 days. 

Demographic characteristics 
and laboratory findings
In 2003, 32 men and boys and 20 women and girls 
contracted measles whereas 43 men and boys and 
50 women and girls were reported in 2007–2010. In 
2003, 16 children were aged between 10 and 14 years, 
whereas 12 adults were aged 20 years or older in 2005 
and 36 in 2007–2010. Median age of the infected sub-
jects was 12 years in 2003, 32.5 years in 2005, and 16 
years in 2007–2010.  In 2005, the majority of cases 
were adults and there was a slight increasing trend in 
the subjects’ age, which was statistically non-signifi-
cant (linear regression model).

RNA from 41 saliva samples or throat swabs was ana-
lysed and 35 were successfully sequenced (Table). In 
2003, the detected viruses belonged to genotypes D8 
(n=3) and D5 (n=1). In 2005, the circulating viruses 
were genotypes D6 (n=3) and D8 (n=1). In 2007, gen-
otype D5 predominated (n=13), but genotype B3 was 
also detected (n=1). Genotype D5 was identified in 
2008 (n=3) and 2009 (n=3), and simultaneously with 
genotype D4 (n=2) in 2009. Finally, in 2010, three dif-
ferent virus genotypes, D4 (n=1), G3 (n=2), and D8 
(n=1), were found. Moreover, one case of post-vacci-
nation measles (genotype A) occurred 12 days after a 
post-partum MMR vaccination. 

Among the 47 cases for whom the vaccination sta-
tus was known in 2003, three had received one dose 
of the measles vaccine. In 2005, among the 11 cases 
with known vaccination status, three were vaccinated, 
whereas in 2007–2010, among the 82 cases with 
known vaccination status, only two were vaccinated. 
During these outbreaks, none of the infected subjects 

Table
Distribution of measles virus genotypes, canton of 
Geneva, 2003-2010 (n=35)

Year Number of samples 
tested

Measles virus genotype detected 

B3 D8 D6 D5 D4 G3 A 
2003 4 0 3 0 1 0 0 0
2004 0 0 0 0 0 0 0 0
2005 4 0 1 3 0 0 0 0
2006 0 0 0 0 0 0 0 0
2007 19 1 0 0 13 0 0 1
2008 5 0 0 0 3 0 0 0
2009 5 0 0 0 3 2 0 0
2010 4 0 1 0 0 1 2 0
Total 41a 1 5 3 20 3 2 1

a	 Six samples could not be successfully typed.

Figure 2
Cases of measles according to vaccination status, Geneva 
canton, 2003-2010 (n=161)
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had received a full two-dose vaccination. None of the 
five under one year-old infants who contracted mea-
sles were vaccinated. The proportion of patients whose 
vaccination status was unknown increased with age 
(Figure 2).

Chains of transmission
In 2003, six chains of transmission were identified, 
comprising 42 of the cases reported in that year. They 
consisted of two large chains of transmission of six 
generations following the index case, involving 19 and 
nine cases, respectively, one chain of two generations 
(four cases), and three chains of a single generation 
with four, three, and three cases, respectively (Figure 
1). In 2005, three chains of transmission were identified 
in 10 cases: two chains of a single generation involv-
ing five and two cases, respectively, and one chain of 
two generations with three cases. Finally, 15 chains of 
transmission (55 cases) were observed in 2007–2010: 
one large chain of four generations involving nine 
cases, three chains of two generations with eight, four, 
and three cases, respectively, and 11 chains of a single 
generation with two to four cases (Figure 1).

Several cases were imported from foreign countries 
and some of them were related to secondary cases: 
France in 2003 (one imported case and three second-
ary cases, unknown genotype), Ethiopia in 2007 (one 
imported, no secondary, genotype B3) and Germany in 
2008 (one imported, eight secondary, genotype D5). 
Eight of the nine cases occurring in 2010 were imported 
or related to imported cases, originating from India 
(one imported, one secondary , genotype D8), London 
(one imported, one secondary, genotype G3), Italy 
(one imported, no secondary, unknown genotype) and 
France (three imported, no secondary, genotype D4 
for one case). Several cases were also imported from 
other Swiss cantons or related to these importations: 
Zurich in 2005 (one imported, no secondary, unknown 
genotype), Berne in 2007 (one imported, seven second-
ary, genotype D5), Vaud (one imported, two secondary, 
unknown genotype) and Ticino (two imported, two sec-
ondary, genotype D5). In 2009, importations from the 
cantons of Vaud (three imported, four secondary, gen-
otype D5 for two cases) and Berne (one imported, no 
secondary, unknown genotype) were identified. There 
were no cases imported from other cantons in 2010.

Measles infections were mainly transmitted via fam-
ily (20 of 37) and school (eight of 37) in 2003, hospital 
(five of seven) [8] and family (two of seven) in 2005, and 
family (21 of 38) and school (10 of 38) in 2007–2010. 
Outbreaks had high transmission rates among unvac-
cinated siblings and in schools with a philosophy that 
attracted parents reluctant to vaccinate their children. 
Several cases of nosocomial transmission were also 
reported in medical practices attended by parents who 
refused to vaccinate their children. During the outbreak 
in 2005, cases of nosocomial transmission were identi-
fied among young non-vaccinated or insufficiently vac-
cinated healthcare professionals who did not receive 

catch-up vaccinations after the initiation of the two-
dose vaccination schedule [8]. There were, however, no 
cases of transmission by a caregiver.

Complications
In 2003, seven of 52 patients developed at least one 
complication compared with three of 16 in 2005 and 11 
of 93 in 2007–2010. Three patients were hospitalised 
in 2003, four in 2005, and 18 in 2007–2010. The most 
common complication was pneumonia, which was 
observed in five of the patients in 2003, one in 2005, 
and seven in 2007–2010. Two patients required admis-
sion to the intensive care unit. No encephalitides or 
deaths were reported.

The median age of patients with complications was 21 
years, compared with 14 years for those without com-
plications. The number of patients with complications 
or requiring hospitalisation increased significantly with 
age (p<0.05): no infants under one year of age, two chil-
dren aged 1–4 years, three aged 5–9 years, five aged 
10–14 years, six for the 15–17 years and 20 adults aged 
20 years or more. The risk of hospitalisation increased 
even more significantly with age (p<0.005). No infants 
or children aged 1–4 years were hospitalised, two chil-
dren aged 5–9 and two aged 10–14 years, four children 
aged 15–19 years, and 17 adults aged 20 years or more. 
The risk of pneumonia was largest for children aged 
10–14 years (n=5). The most frequent reason for hospi-
talisation was poor general health (nine patients, with 
a median age of 24.5 years), followed by pneumonia 
(seven patients, median age of 14 years). None of the 
patients who developed a measles-related complica-
tion was vaccinated.

Preventative measures for subjects in 
contact with measles-infected patients
In 2003, the cantonal health authorities implemented 
the following measures for people who were in con-
tact with measles-infected patients: i) communication 
and information of the patient’s environment (school, 
crèche) along with vaccination recommendations, ii) 
rapid identification of measles-susceptible contacts, 
considered to be individuals without at least one dose 
of the measles vaccination, history of measles or sero-
logically-confirmed immunity, and iii) post-exposure 
vaccination of contacts within 72 hours. Since 2007, an 
additional measure has been introduced in situations 
where no post-exposure vaccination was given within a 
suitable delay. In these situations, the exposed person 
should avoid contact with susceptible individuals for a 
period of 18 days following the last exposition to the 
case.

Since 2003, among the 14 non-immunised contacts 
who were identified and received post-exposure vacci-
nation (13 siblings of cases and one friend), three did 
not develop measles. For two of them, the vaccine was 
administered within 72 hours after exposure, and for 
the third (who was exposed to an unconfirmed index 
case), the vaccine was administered on the fifth day. 
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Among the 11 contacts who did develop the disease, 
median duration between the onset of symptoms in the 
index case and the vaccination was five days (range: 
3–6 days).

During the 2007–2010 outbreaks, school exclusion 
measures were taken for 15 non-immunised contact 
subjects with clear evidence of exposure, including sib-
lings, a mother (teacher), and a friend. Among them, 
13 developed measles during the exclusion period. No 
secondary cases resulted from 12 of these cases (the 
situation for the final case is uncertain).

Surveillance of measles immunisation coverage
Between 2003 and 2008, a total of 25,390 28-month-
old children who were officially registered as residents 
in the canton of Geneva were eligible for the monitoring 
of their vaccination records. However, information was 
unavailable for 2,923 of them. Thus, the analysis was 
based on 22,467 28-month-olds, which corresponds to 
an overall response rate of 88.5%. For children aged 
5–6 years and 13–14 years, a cross-sectional analysis 
was repeated in the school years 2003/04 and 2008/09 
in these two age groups. All the pupils attending state 
schools in Geneva were included in this study, but the 
analysis was only based on those whose vaccination 
records were completed and interpretable, and had 
been sent to the Youth Health Department (Service de 
la santé de la jeunesse – SSJ), which represented 90% 
of the total.

Between 2003 and 2008, immunisation coverage of 
28-month-olds with one vaccine dose increased from 
94.8% (95% CI: 94.1%–95.4%) to 96.1% (95% CI: 
95.5%–96.7%) (p=0.002) (Figure 3A). For two doses, it 
strongly increased from 68.9% (95% CI: 67.5%–70.3%) 
to 91.7% (95% CI: 90.9%–92.6%) (p<0.001) (Figure 3B). 
For the 5–6-year-olds, immunisation coverage for one 
vaccine dose increased from 92.7% (95% CI: 91.8%–
93.5%) to 96.1% (95% CI: 95.3%–96.8%) (p<0.001). For 
two doses, coverage strongly increased from 65.4% 
(95% CI: 63.8%–67.0%) to 92.3% (95% CI: 91.3%–
93.3%) (p<0.001). Finally, for the children aged 13–14 
years, immunisation coverage for one dose increased 
from 89.7% (95% CI: 88.7%–90.6%) to 91.1% (95% CI: 
90.2%–92.2%) (p=0.03). For two doses, it increased 
from 67.2% (95% CI: 65.7%–68.7%) to 86% (95% CI: 
84.8%–87.2%) (p<0.001).

Discussion
Between 2003 and 2010, 161 measles cases were 
reported to the General Directorate of Health in Geneva, 
of whom 25 were detected by active case finding dur-
ing contact tracing. The actual number of cases in the 
canton during these eight years is probably higher due 
to the fact that some infected subjects might not have 
sought medical attention; furthermore, clinical diagno-
sis may be difficult in the absence of a history of con-
tagion, and some physicians may omit to notify cases.

The surveillance and alert system was reinforced dur-
ing the period under analysis, with increasingly earlier 
notifications made by laboratories and physicians over 
the years. Moreover, there was a marked reduction in 
the notification delay between the beginning and end 
of each outbreak. This improvement of the reaction 
time, from 9–13 days to 8–6 days or less, is at least 
partially related to reducing the official notification 
time frame from one week to 24 hours in 2006, to the 
media coverage of successive measles outbreaks, and 
to increased awareness of healthcare professionals 
following information from the cantonal health authori-
ties. However, there were some late notifications dur-
ing every outbreak. The efficiency of the alert system 
was also illustrated by the early notification of several 
cases with suggestive symptoms, which turned out not 
to be measles. Thus, 15 suspect cases were investi-
gated, 13 during the period from 2007 to 2010, but sub-
sequently excluded due to negative serological results. 
In a recent publication, the WHO proposed that a the 
sensitivity of surveillance in countries with a measles 
elimination target is satisfactory when a minimum of 
two suspected measles cases per 100,000 inhabitants 
are identified as non-cases in subsequent (laboratory) 

Figure 3
Evolution of measles immunisation coverage in children 
aged 28 months, 5–6 years, and 13-14 years between 2003 
and 2008 in the canton of Geneva (n=63,189)
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analyses and discarded [9]. In the canton of Geneva, for 
the period from 2007 to 2010, the rate was still clearly 
inferior to the WHO target, with an annual mean of 0.7 
discarded cases per 100,000 inhabitants. However, the 
actual number of discarded cases is certainly higher, 
considering that the requests to diagnostic laboratory 
analysis are not currently subject to mandatory notifi-
cation. Yet, it is not uncommon for physicians to wait 
for laboratory results and declare measles only if it is 
confirmed, which is contrary to the legal requirements 
for mandatory notification.

Control measures have progressively been reinforced 
since 2003. The identification of non-immunised con-
tacts of measles cases and their vaccination within 72 
hours after exposure has become more widespread. 
School exclusion measures, which did not apply in 
2003, became the rule in 2007 for non-immunised sib-
lings of cases. More recently, these measures were 
extended to all non-immunised contacts in schools 
and crèches. If rapidly applied, these home quarantine 
measures are particularly effective given the extreme 
contagiousness of the virus, and the paramount role 
played by non-immunised siblings and school trans-
mission in the spread of measles [10]. However, the 
efficacy of such measures is better still when immuni-
sation coverage is high. In Switzerland, such quaran-
tine is permitted by the federal law on epidemics but 
not applied equally by the different local health author-
ities. In Geneva, parents were informed that this was 
a possibility in case of a school outbreak. Mandatory 
exclusion from school and nurseries was applied in 
collaboration with the institutions’ directors and, in 
all instances, well accepted. Most excluded persons 
developed measles within a few days.

Whereas measles is often regarded as harmless by 
the general population, 14% of the patients in Geneva 
developed at least one complication, and 16% were hos-
pitalised during the period from 2003 to 2010. During 
the 2005 outbreak, which affected mainly adults, the 
proportion of patients with complications or requiring 
hospitalisation reached 38%. The risk of complications 
and hospitalisation, or hospitalisation alone, signifi-
cantly increases with patients’ age. Indeed, in adults 
aged 20 years and older, these risks were 37% and 
30%, respectively. Yet, an increase in the median age 
of measles cases was observed in the Geneva canton 
between 2003 and 2010, even though it was small and 
not statistically significant. At the national level, the 
proportion of cases aged 20 years and older doubled 
between the 2003 and 2006–2009 epidemics, increas-
ing from 8% to 19% [11,12]. 

Given this rise in patients’ median age, in parallel 
with the improved immunisation coverage in children 
and teenagers, the proportion of adult measles cases 
accompanied by complications and/or hospitalisation 
is likely to increase. However, regardless of their age, 
none of the Geneva patients with complicated measles 
were vaccinated, which indirectly, but reassuringly, 

confirms that the vaccine effective against measles 
and its complications. Consequently, catch-up vaccina-
tion with up to two doses of the MMR vaccine remains 
relevant for all measles-naïve subjects, especially 
adults born after 1963 [13].

Between 2003 and 2008, measles immunisation cov-
erage continuously increased in the three age groups 
studied. This increase was particularly pronounced for 
the second dose: an increase by 23 percentage points 
to 91.7% for 28-month-olds, by 27 percentage points to 
92.3% for 5–6-year-olds, and by 19 percentage points 
to 86% for 13–14-year-olds. Thus, in the canton of 
Geneva, immunisation coverage of young children is 
currently approaching the 95% threshold, thus allowing 
for measles elimination [14]. However, this evolution is 
rather recent and does not rule out the accumulation of 
a fairly large number of non-immunised people, partic-
ularly among young adults who are no longer exposed 
to the wild virus (nearly one of five cases was between 
30 and 45 years-old in the canton of Geneva). 

Based on the immunisation coverage data for dose and 
age and the notified measles cases, the Swiss Federal 
Office of Public Health estimated the number of sus-
ceptible subjects younger than 20 years to be 8,300 for 
the canton of Geneva alone, i.e. 8.6% of this age group 
[15] (unpublished results), while this proportion is 
much smaller in adults born after 1963. Subjects born 
before this date are considered to be immunised due 
to the widespread circulation of measles during their 
childhood. Overall, the proportion of immunised sub-
jects in the Geneva population is probably approaching 
the threshold for herd immunity, at least in part thanks 
to the clear support and involvement of local physi-
cians.  New outbreaks, however, remain highly prob-
able in the case of virus introduction, all the more so 
because non-immunised subjects largely belong to age 
groups with strong social interactions: teenagers and 
young adults.

The number, extent, and duration of measles out-
breaks may largely be limited if the surveillance and 
alert system remains sufficiently effective, early and 
effective control measures are taken, and immunisa-
tion coverage remains at its current level and possi-
bly increases among young adults. Thus, the extent 
of the transmission chains decreased between 2003 
and 2007–2010: in 2003, two chains of transmission 
of six generations each comprising 19 and nine cases 
were identified (no exclusion measures were in place 
for non-immunised subjects), whereas in 2007–2010, 
chains were mainly limited to two or three cases of 
intrafamilial transmission owing to post-exposure vac-
cination and early home quarantine of non-immunised 
contacts. Moreover, due to one of the best immunisa-
tion coverage rates in Switzerland and a routine inter-
vention for each case, the canton of Geneva was one of 
the least affected districts during the 2006–2009 mea-
sles epidemic in Switzerland, with a four-year cumula-
tive incidence rate of 17 per 100,000 inhabitants versus 
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57 for the whole of Switzerland, the highest rate of 527 
per 100,000 inhabitants being found in the Appenzell 
Innerrhoden canton [12].

Data relating to the exposure of infected patients 
together with the genotypic diversity suggest that the 
introduction of cases from other cantons and from 
abroad was responsible for some of the outbreaks in 
Geneva canton. In 2003, the viruses circulating in the 
Geneva and Schwyz cantons belonged to the geno-
type D8, but no epidemiological link could be found 
between these two distant cantons. The main circu-
lating genotype in Switzerland during this period was 
the D5 genotype, which was identified in one Geneva 
case. Between 2007 and 2009, the D5 genotype (as 
well as B3 and D4 in 2009) predominantly circulating 
in Switzerland was identified in the Geneva canton. In 
2010, eight of the nine notified cases were imported 
from abroad (India, France, Italy, and the United 
Kingdom) or were related to these importations, with 
only two very short chains of transmission and three 
distinct genotypes D8, D4, and G3). The G3 genotype 
[16], which had never previously been identified in 
Switzerland, was imported from London. Shortly there-
after, another case involving the same genotype with 
an identical genetic sequence occurred in Geneva, 
without any known exposure. 

Since the summer of 2008, a change in measles epi-
demiology has been perceptible in the Geneva canton. 
Earlier, four outbreaks had occurred that were relatively 
large (52, 16, 43 and 23 cases) and temporally distant 
(separated by 16, 22 and four months). Since the sum-
mer of 2008 there have been mostly isolated cases and 
small outbreaks related to imported cases, in relation 
to a large variety of identified genotypes. The situation 
observed in 2010 in the canton of Geneva largely corre-
sponds to what is expected after measles elimination, 
except that with a rate of 6.5 autochthonous cases 
per million population (i.e. three secondary cases per 
463,919 inhabitants), the measles incidence in the 
canton still exceeds the elimination target of one per 
million. 

These encouraging advances made towards measles 
elimination on a local level show that determined, 
politically supported action to promote vaccinations 
and fight outbreaks do bear fruit. The elimination of 
measles from Europe by 2015 requires such efforts on 
a broad scale.
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On 9 September 2011, the Estrel Convention Center in 
Berlin was the venue for a first clinical symposium on 
Shiga toxin-producing Escherichia coli / haemolytic 
uremic syndrome (STEC/HUS) reflecting on the large 
STEC outbreak in Germany earlier this year. The 
German Society of Nephrology (DGfN) invited inter-
nationally renowned clinical experts and microbiol-
ogists to discuss the basic science and diagnostics of 
STEC infections and the different options for treating 
an EHEC-associated HUS, including plasmapheresis, 
antibody therapy with Eculizumab, and extracorporeal 
immune adsorption. 

Opening the symposium, Helge Karch from Münster 
University Clinic gave a brief update on the microbi-
ology and the diagnosis of STEC strains. He pointed 
out that a STEC O104:H4 strain was first isolated in 
Germany in 2001 from a child with HUS [1]. This strain 
(HUSEC041) was not identical with the 2011 outbreak 
strain, but showed similar molecular features (like the 
outbreak strain, this isolate was (stx2)-positive and 
(eae)-negative). A specific multiplex PCR for the 2011 
outbreak strain has been developed within three days 
after the first isolate was available, and was made 
publicly accessible [2]. Interestingly, the microbiologi-
cal features of the outbreak strain as known by today 
could not explain its pathogenicity as observed in the 
outbreak, leaving several open questions.
 
Gérard Krause from the Robert Koch-Institute, Berlin, 
presented the final outbreak report including the epi-
demiological investigations [3]. So far, there is no 
evidence that STEC O104:H4 has established as an 
endemic strain in Germany, but strict surveillance will 
be continued.
The discrepancy between the (severe) histopathologi-
cal image of kidney specimens collected from 14 HUS 
patients and the (relatively positive) long-term disease 
outcome was highlighted by Udo Helmchen, Hamburg-
Eppendorf University Clinic. Intermediate results from 
14 HUS cases demonstrated that diffuse glomerular 
endotheliosis (14/14), and diffuse tubulointerstitial 
injury (14/14) were the primary histological features 

of HUS caused by the outbreak strain. Surprisingly, 
the outcome of these findings was much better than 
expected. Based on the preliminary results of the 
follow-up, probably none of the 14 patients will be 
dependent upon constant dialysis, thus indicating 
that the initial histopathological ratings were possibly 
misleading.

The use of Eculizumab, a monoclonal antibody directed 
against the complement protein C5, in patients with 
HUS was one of the specific therapeutic challenges 
of the outbreak. Rolf Stahl, from Hamburg-Eppendorf 
University Clinic, reflected on his rationale leading to 
the off-licence use of this treatment in patients not 
responding to more established treatment options, 
i.e. plasma exchange therapy. He did not present any 
results from the analysis of patients’ data, though, 
leaving the question as to whether Eculizumab was 
effective or not, open.

This outbreak presented a new and surprising clinical 
picture with regard to the neurological signs of the 
patients – this was the main point of the presentation 
from Karin Weissenborn, Hannover Medical School. 
The neurologist described her experiences with 43 
cases which were followed up during their hospital 
stay, and of which 42 developed HUS. Cognitive dys-
function, including dysphasia (n=22), apraxia (n=16), 
and agraphia (n=13) were detected among the patients. 
In addition, panic attacks (n=13) and hyperreflexia 
(n=24) were common. Seizures/myoclonia occurred in 
eight patients. The Minimal Mental Status test proved 
particularly valuable in assessing cognitive dysfunc-
tions in HUS patients. In Magnetic Resonance Imaging 
(MRI), a bilateral diffusion disorder was observed in 
the thalamus area and the basal ganglia. However, 
there were also patients with no MRI findings although 
they showed severe neurological impairments. Most, 
but not all cases, showed a complete remission of neu-
rological signs within weeks.

The use of immunoabsorbtion in severe HUS cases was 
presented by Sylvia Stracke, Greifswald University’s 
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Medical Faculty. She pointed out that the patients wors-
ened neurologically while on plasma exchange therapy. 
In addition, the evidence for plasma exchange therapy 
turned out to be rather weak, with most information 
derived from uncontrolled case series, and absence 
of prospective, randomised controlled studies. While 
searching for a therapeutic alternative (especially for 
the neurological signs), the characteristic time-span 
between onset of gastroenteritis and onset of the neu-
rological complications (5–12 days) was the key clini-
cal finding indicating that additional (auto)antibodies 
were probably involved in the pathogenesis of the 
severe neurological complications. The intravascular 
reduction of these (auto)antibodies by immunoabsorb-
tion was considered to be one possible reason for the 
success of this therapy with regard to the neurological 
complications of HUS patients.
 
With regard to the discussion about the use of anti-
biotics in EHEC infections, Winfried Kern, from the 
University of Freiburg, summarised that antibiotics still 
cannot be generally recommended for EHEC infections. 
He pointed out that available evidence for or against 
antibiotic treatment is still sparse. Randomised control-
led trials are necessary in order to elucidate whether 
antibiotics are effective in reducing the morbidity and 
mortality of EHEC infections. Especially azithromycin 
and rifaximin should be subject to further clinical stud-
ies for the reduction of microbial load in EHEC patients.

Finally, Jan Kielstein, from Hannover Medical School, 
presented preliminary results from the German EHEC-
HUS registry. So far, data from 589 patients have been 
included into the registry. Of all HUS patients, 93% 
underwent therapeutic plasma exchange, and 36% 
received Eculizumab therapy. The overall mortality rate 
was 4.4%.

To conclude, two major issues of future concern 
emerged during the symposium: firstly, the lack of 
evidence with respect to ’established’ (or abandoned) 
therapeutic options in EHEC/HUS; secondly, the uncer-
tainty of prognostic markers - especially with regard to 
histopathological features of kidney biopsies in HUS 
patients. The excellent cooperation between different 
clinicians, and between clinicians and microbiologists, 
proved to be a valuable resource during the outbreak. 
However, this outbreak was mainly restricted to 
Germany. To prepare for a similar event not restricted 
to a single European country, structures for timely 
exchange of clinical data and experiences at European 
level are urgently needed.
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