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Abstract 

Background: Lyme borreliosis (LB) is the most common zoonotic disease transmitted by ticks 
in the USA and Europe. This review aims to estimate the regional burden of LB in Western 
Europe. Data from previous publications were used to calculate the mean incidence. The mean 
incidence rates were then combined to estimate the regional burden and a population-weighted 
regional burden of disease based on the standardized incidence from the included studies and the 
total population at risk. 

Methods: Reviews and surveillance reports identified by the initial database search were first 
assessed for eligibility by their title and abstract, and subsequently by a more detailed review of 
the source for the most recent data regarding LB. 11 sources of incidence data were included in 
the review, representing 17 countries in total. Incidence estimates were calculated from reported 
values and population data. 

Results: Countries in Western Europe have a large variance in the incidence rates. The highest 

reported incidences for LB were reported in southern Sweden with 464 per 100 000 and the 

lowest in Italy of 0.001 per 100 000. The unweighted mean for the included data provided an 

incidence of 56.3 per 100 000 persons per year, equating to approximately 232 125 cases in one 
year throughout the region. The calculated population-weighted average incidence for the 

regional burden of LB in Western Europe was 22.05 cases per 100 000 person-years. 

Conclusions: LB is an emerging disease and the most common zoonotic infection in Western 
Europe approaching endemic proportions in many European countries. The population-

weighted incidence has been estimated by this study to be 22.04 per 100 000 person-years. 
Concordant and well-conducted surveillance and disease awareness should continue to be 
encouraged to monitor LB as tick numbers and activity increases. 
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An Estimate of Lyme 
Borreliosis Incidence in 
Western Europe 

Background 

Lyme borreliosis (LB), or Lyme disease, is 

the most common zoonotic disease 

transmitted by ticks in the USA and 

Europe.1 The complex of Borrelia bacteria 

that causes Lyme borreliosis is known as 

Borrelia burgdorferi sensu lato. 5 of these are 

known human pathogens (B. afzelii, B. garinii, 

B. burgdorferi sensu stricto, B. baverensis, and 

B. spielmanii) and 3 are suspected human 

pathogens (B. valaisiana, B. bissettii, and B. 

lusitaniae).2,3 This bacterium is transmitted to 

humans and other vertebrates during the 

blood feeding of Ixodid ticks, of which the 

most common in Europe is the Ixodes ricinus, 

or sheep tick.4,5 Early stages of LB will 

commonly present with erythema migrans, a 

skin lesion or rash that can occur between 2 

and 30 days after being bitten by an infected 

tick, which can be successfully treated with 

antibiotics.6 However, if the infection is not 

treated at this early stage, the bacteria will 

disseminate and the localized infection will 

progress into a systemic disease affecting the 

joints, nervous system and, less frequently, 

the heart.7 

Those at highest risk are people residing or 

working in endemic areas of LB, such as in 

forested areas, and have occupations such as 

forestry workers, gamekeepers, farmers, 

military personnel, and rangers.8 

Orienteering, hunting, picnicking, and 

gardening also expose individuals to more 

ticks and therefore increase the risk of 

infection.9 There is also a distinct degree of 

seasonality associated with the risks of LB 

that coincides with the seasonal pattern of 

tick activity. Activity is higher in the warmer 

parts of the year; however, there is a slight 

lag between tick activity and case reporting 

due to the period between infection and 

symptom presentation (2–30 days).10 

The incidence of LB has been increasing 

across the globe, with the number of 

reported cases in Europe rising since the 

early 1990s and expanding in geographic 

distribution.11 These rises in LB have been 

linked to improved diagnostics and 

awareness, increased tick density, increased 

burden of tick disease, and changes in 

climate in recent decades that have allowed 

ticks to spread into higher latitudes and 

altitudes.12,13 There are an estimated 85 000 

cases of LB in Europe each year; however, 

the reporting in Europe is inconsistent and, 

as such, many infections go undiagnosed.10 

Overdiagnosis of LB is also an important 

factor and it is estimated that, in some 

settings, less than a quarter of those referred 

with LB have confirmed LB.14,15 Serological 

testing as part of surveillance reporting 

within several sources may help to address 

this factor, although this in itself is not 

confirmation of LB. However, due to 
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differing collection methods in the included 

sources, overdiagnosis as well as 

underdiagnosis should still be considered 

when analysing these data. Although 

surveillance is increasing for LB, a global 

estimate of disease burden and incidence 

does not exist at the moment, with previous 

reports of incidence in Europe only 

including an overview of selected 

countries.10,16 Differences in the methods of 

case reporting also lead to a more 

problematic estimation of a regional burden 

of disease. While some countries continually 

report LB diagnoses, there is a great 

disparity between countries concerning 

surveillance of all or only some of the early 

and/or disseminated LB cases. An example 

of this is erythema migrans which, while 

present in a large proportion of LB (70–

80%), does not occur in all cases and may 

have led to an under-reporting of the true 

burden of disease.5,17 For a disease of such 

increasing importance and which is likely to 

affect more and more people, it is important 

for policy makers and health providers to 

understand the current burden in their 

region, especially considering that LB and 

chronic LB have been highly controversial 

subjects in politics and the media in recent 

years.18,19 The term chronic LB is often used 

inappropriately. The definition of chronic 

LB is an untreated LB that has developed 

over a long period of time into late-stage 

disseminated LB or into acrodermatitis 

chronica atrophicans (ACA), also known as 

“Herxheimer disease”. Referral to a 

condition of “chronic LB” may in many 

instances actually be a reference to a “post-

Lyme syndrome”, where symptoms have 

persisted despite treatment with antibiotics 

and resolution of the infection.20-24 

This review aims to estimate the regional 

burden of LB in Western Europe. Data 

extracted from included papers were 

standardized in order to calculate the mean 

incidence per 100 000 people per year.  
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 Figure 1. Search strategy flow diagram 
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The mean incidence rates were then 

combined in order to achieve an estimate of 

the regional burden and a population-

weighted regional burden of disease based 

on the standardized incidence from the 

included studies and the total population at 

risk. 

Methods 

Search strategy 

Articles of importance and relevance were 

identified by an electronic search of 

MEDLINE, Embase, and Global Health 

databases through the Ovid Gateway. These 

were searched with no restriction on 

language for data, from the inception of 

each database up until the beginning of 

March 2013. A search strategy is supplied in 

Box 1, which consists of synonymous terms 

for LB, countries of Western Europe, and 

epidemiological terms of interest. A list of 

the countries searched for is included as part 

of Table 2. Boolean operators were 

employed to link these terms and exclude 

countries that had returned results as part of 

the search but are not defined by the World 

Bank as being in Western Europe (Poland, 

Slovakia, Russia, and Croatia). The only 

exception to this criterion is the Republic of 

Ireland, which was included by the author.25 

Western Europe as a region within this 

World Bank definition includes countries of 

a similar economic background, healthcare 

provision, and geographical location. 

Furthermore, a hand search of included and 

relevant reference materials was undertaken 

to identify other sources of primary 

surveillance data for inclusion that were 

either published or in the process of being 

published. A diagram to illustrate the flow 

of information throughout this review is 

found in Figure 1. 

Box 1. Search Terms for Medline through Ovid 
Gateway 

 

Inclusion criteria 

Sources identified by the initial database 

search were exported into Mendeley 

Desktop reference management software 

Search terms for Lyme disease and Lyme 

borreliosis 

1 lyme disease/ 2 erythema migrans/ 3 erythema 

chronicum migrans/4 lyme borreliosis/5 

neuroborreliosis/6 1 or 2 or 3 or 4 or 5 

Search terms for Western European countries 

7 exp Western Europe/8 Austria/9 Belgium/10 

Denmark/11 Finland/12 France/ 13 Germany/14 

Greece/15 Iceland/16 Italy/17 Luxembourg/18 

Netherlands/19 Norway/20 Portugal/ 21 Spain/22 

Sweden/23 Switzerland/ 24 United Kingdom/25 

Scotland/26 England/27 Wales/ 28 Northern 

Ireland/29 Ireland/30 Great Britain/31 Poland/ 32 

Slovakia/33 Russia/ 34 Croatia/35 or/31-34/ 36 

or/7-30/ 37 36 not 35 / 38 37 and 6 

Search terms for epidemiological studies 

39 Epidemiologic studies/ 40 epidemiology/ 41 

epidemiology.mp./ 42 incidence/ 43 incidence.mp.  

44 or/39-43/ 45 38 and 44 
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(Version 1.1.2, 2011, Mendeley Ltd, 

London, UK) – duplicate studies were 

merged and non-human studies excluded. 

The remaining studies were then assessed 

for eligibility first by their title and abstract 

and subsequently by a more detailed review 

of the source for data regarding confirmed 

cases of LB. Where multiple reports for 

countries were available, the most recent 

data was selected. 

Papers that reported only partial sections of 

a population were excluded, unless the 

sample was representative of the entire 

population by design, so as not to bias data 

when compared with the population as a 

whole. Papers that only publish information 

on laboratory tests were not included as 

there was no way of knowing the 

demographics of the people from which the 

samples had been obtained. 

Reviews were analysed for appropriate data 

and, if found to be relevant, had their 

reference lists examined for the original 

source of data where possible. However, if 

the original source was unobtainable, then 

the review data was included. This was the 

case for data concerning Switzerland, Spain, 

and Ireland.13,26 Surveillance reports were 

included and were especially useful for more 

northern countries in providing recent 

data.5,10,27 For England and Wales, 

information was gathered from the Health 

Protection Agency, as this provided the 

most up-to-date figure of incidence.28 This 

search located 11 sources of incidence data 

for inclusion in the review, representing 17 

countries in total. No information was 

found to be available for Greece or 

Luxembourg concerning the epidemiology 

of LB. 

Data extraction 

The data extraction of incidence 

information from the included sources was 

dependent on the type of information 

provided. Most sources reported incidence 

rates per 100 000 persons per year. Belgium, 

France, and Sweden were exceptions, for 

which incidence rates were reported as the 

number of cases of erythema migrans or 

confirmed LB in general practices. Austria 

had only an estimate of LB per 100 000 

person-years based on a survey of general 

practitioners. In order to calculate the 

population-weighted averages, the mean 

population for the observation period was 

obtained from the World Bank for each 

country, with the exception of England, 

Wales, and Scotland, for which the 2011 

census data were extracted.29,30 This 

population information was also used to 

back-calculate incidence into a case 

notification rate which allowed greater 

accuracy when approximating the 

subregional burden of disease. 
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Results 

Of the sources included in this review, 3 

were surveillance reports, of which 2 were 

on a multinational level and 1 on a national 

level.5,27,31 2 reviews were also used as 

sources for data as the origins of their 

estimates were unobtainable.10,26 Incidence 

data for England and Wales was accessed 

through the Health Protection Agency, a 

governmental body.28 Data for Austria was 

obtained only through an estimate based on 

a survey of physicians in primary care, but 

has been included in previous reporting of 

Austrian incidence and, as such, was 

included in this review. The remaining 

included studies were observational studies 

undertaken at a national level that provided 

incidence rates for their relevant country. 

No data were obtained for Greece or for 

Luxembourg due to a lack of reporting in 

these countries. A summary of the initial 

extraction of results and standardized 

incidence rates are provided in Table 2. 

Countries in Western Europe have a large 

variance in the incidence rates of LB 

between both the countries themselves and 

regions within the countries. The highest 

reported incidences for LB were reported in 

southern Sweden with 464 per 100 000 and 

the lowest in Italy with only 0.001 per 

100 000.10,35 This provides a large ratio 

between these two values of 464 000:1. The 

unweighted mean for the included data 

provided an incidence of 56.3 100 000 

(median value 9.4 per 100 000, first and 

third quartiles of 1.73 and 37.4 per 100 000 

respectively), equating to an interquartile 

range of 35.57 per 100 000. As a result of 

this data, the unweighted burden of disease 

for LB in Western Europe is estimated to be 

56.3 new cases per 100 000 population per 

year, equating to approximately 232 125 

cases in one year throughout the region 

based on a total population of 412.2 million 

living in Western Europe in 2011.29,30 Using 

the total population at risk from the 

included studies or the year-specific 

population data for surveillance reports, a 

population-weighted average incidence was 

calculated. This weighted mean for the 

regional burden of LB in Western Europe is 

22.05 cases per 100 000 person-years. A 

summary of these results can be found in 

Table 1. 

 

Table 1. Summary of results 

 Statistic Value 

Mean Incidence 56.31/100 000 

Median incidence 9.4/100 000 

Maximum reported incidence 464/100 000 

Minimum reported incidence 0.001/100 000 

Max/Min ratio 464 000:1 

Range 463.999 

25th percentile 1.73/100 000 

75th percentile 37.3/100 000 

Inter-quartile range 35.57 

Weighted mean incidence 22.05/100 000 

*Incidence is expressed in person-years. 
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Table 2. Non-standardised measures, case definitions of included studies as extracted from the included studies and summary of included studies 

Reference 
 

Country/Region 
Disease 

Meaurement 
Non-Standardised 
Value (per year) 

Case Definition Study Type Study Period 
Incidence rate 

(cases/100 000/year) 

Smith et al., 20065 Austria Incidence rate 135 cases per 100 000 population 
Estimate based on a survey of 

physicians 
Surveillance 

report 
2005 135 

Vanthomme, 201232 Belgium Number of cases 338 cases of erythema migrans 
Cases reported to GPs with erythema 

migrans in Belgium 
Case reports 2008–2009 90.2 

EpiNorth, 201127 Denmark Incidence rate 1.7 cases per 100 000 population Diagnosis with Lyme borreliosis 
Surveillance 

report 
2011 1.7 

EpiNorth, 201127 Finland Incidence rate 30.92 cases per 100 000 population Diagnosis with Lyme borreliosis 
Surveillance 

report 
2011 30.92 

Letrilliat et al., 200533 France Number of cases 86 cases of Lyme borreliosis Diagnosis with Lyme borreliosis Case reports 1999–2000 9.4 

Fulop et al., 200831 Germany Incidence rate 37.3 cases per 100 000 population Diagnosis of erythema migrans 
Surveillance 

report 
2006 37.3 

No data Greece 
  

    

EpiNorth, 201127 Iceland Incidence rate 7 cases per 100 000 population Diagnosis with Lyme borreliosis 
Surveillance 

report 
2011 7 

Lindgren et al., 200610 Ireland Incidence rate 0.6 cases per 100 000 population Diagnosis with Lyme borreliosis Review 1995 0.6 

Smith et al., 20065 Italy Incidence rate 0.001 cases per 100 000 population Diagnosis with Lyme borreliosis 
Surveillance 

report 
2001–2005 0.001 

No data Luxembourg 
  

    

Hofhuis et al., 201034 Netherlands Incidence rate 
134 cases of erythema migrans per 100 000 

population 
Diagnosis of erythema migrans Case reports 2009 134 

EpiNorth, 201127 Norway Incidence rate 4.96 cases per 100 000 population Diagnosis with Lyme borreliosis 
Surveillance 

report 
2011 4.96 

Smith et al., 20065 Portugal Incidence rate 0.04 cases per 100 000 population Diagnosis with Lyme borreliosis 
Surveillance 

report 
2005 0.04 

Lindgren et al., 200610 Spain (La Rioja) Incidence rate 9.8 cases per 100 000 population Diagnosis with Lyme borreliosis Review 2003 9.8 

Bennet et al., 200635 Sweden Incidence rate 
Annual mean incidence of 464 cases of 

erythema migrans per 100 000 population 

Cases reported with erythema 
migrans in Blekinge County 

Case reports 1997–2002 464 

Hubalek et al., 200926 Switzerland Incidence rate 25.1 cases per 100 000 population Diagnosis with Lyme borreliosis Review 1988–1998 25.1 

Health Protection Agency, 201128 
United Kingdom 

(England & Wales) 
Incidence rate 1.7 cases per 100 000 population Diagnosis with Lyme borreliosis 

Government 
figures 

2011 1.73 

Slack et al., 201112 
United Kingdom 

(Scotland) 
Incidence rate  5.53 cases per 100 000 population Diagnosis with Lyme borreliosis  

Surveillance 
study  

2009–2010 5.53 
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Discussion 

A large level of heterogeneity was found to 

be present throughout the incidence data for 

LB in Western Europe. The reasons for this 

include different case definitions, collecting 

methods, and that very few countries 

include LB as a compulsorily notifiable 

disease. Overdiagnosis and underdiagnosis 

of LB is another important factor with a 

significant impact on the number of 

reported cases. In other countries, it is 

suggested that the general public are simply 

not aware of the risk of LB and as such 

neglect symptoms, especially if erythema 

migrans does not develop.10 However, with 

such limitations in mind, the estimates 

provided by this study will give at very least 

a minimum illustration of the burden of 

disease in Western Europe, which 

demonstrates the importance of LB as a 

continually emerging infection to healthcare 

authorities and governments throughout the 

region. This will hopefully encourage a more 

standardized approach to data collection. 

When compared with previous studies, 

these most recently available data indicate 

that the incidence of LB in certain European 

countries may be increasing faster than 

expected by population growth alone. Such 

increases have been observed in Germany, 

the Netherlands, and the United Kingdom, 

among others.31,34,36 These increases may 

simply be due to an improvement in 

reporting practices, raised awareness of the 

disease, or overdiagnosis of LB. However, 

tick numbers and activity are closely 

associated with the number of cases of LB 

and an amplification of these reported by 

other studies cannot be ignored.37,38 Ticks, 

similarly to other arthropods, are sensitive to 

changes in climate as most of their life cycle 

is dependent on climatic variables, especially 

development and survival.39 A smaller factor 

is that of vegetation levels and host 

availability – as humans venture into the 

greener areas of a country either for work or 

recreation, the likelihood of them becoming 

a host inevitably increases.40,41 The 

increasing number of ticks has been 

hypothesized to be associated with the 

warming of the climate as the ideal 

conditions for ticks are amongst vegetation 

that maintains a high level of humidity.41 

One review has provided a theoretical 

projection of the effect that climate change 

will have on the burden of disease attributed 

to LB, predicting that LB will continue to 

spread into higher latitudes and altitudes, 

will have an extended and more intense 

transmission season in certain areas of 

Europe, and that the risk of LB may 

decrease in areas where there are repeated 

droughts or severe floods.10 

Another factor influencing the observed 

heterogeneity of results, as displayed by the 

large maximum to minimum range and 

interquartile range of the included data, 
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could be differences in population 

structures. While all individuals who expose 

themselves to the environment in which 

these arthropods thrive will be at risk, 

differences in urban and rural populations 

between countries would therefore have an 

effect on the risk of being infected with LB. 

This could work in either direction as, 

although rural workers and populations are 

at increased risk from their local 

environment, urban dwellers tend to have a 

decreased awareness which increases the risk 

of being infected and not recognizing the 

disease.42 Some studies have also identified 

differences in the age groups of those 

affected. While some studies have found 

that children and older people are more 

often affected by LB, others note the 

opposite with predominantly adult working 

age groups affected.12,31 This demonstrates 

that there are likely to be differences in 

exposure risk for age groups between 

countries and, as such, both geographical 

and population demographics may influence 

incidence, although the direct mechanism 

remains unclear. 

Although data for the majority of countries 

were obtainable, there are clear information 

gaps created by lacking or absent disease 

reporting, such as in Greece and 

Luxembourg. The countries reporting very 

low incidences such as Italy are likely 

underestimated, as studies exist 

demonstrating the existence of Borrelia 

burgdorferi in these countries and the 

presence of at-risk areas.43 These gaps in 

data could be improved by a region-wide 

initiative towards improved reporting of LB 

as a notifiable disease. However, there 

currently seems to be little progress in this 

area, which should be reviewed both for 

disease burden and the financial burden on 

European health systems, which is estimated 

to be over €1000 million.5,42,44 

A suggestion for future research into LB in 

Western Europe is continued 

epidemiological surveillance as well as 

investigation into the disease status in 

countries for which there is little or no data. 

In countries where different areas vary 

greatly in incidence, it would be of interest 

to continue surveillance within different 

regions, as it is sensible to expect that areas 

with different tick densities will have 

different incidence rates. This is important 

in countries where only one region is 

reported, such as in Spain, as it is likely that 

these smaller reported areas are not 

representative of the whole country. Where 

studies are designed on a smaller scale, it is 

important to focus on a unified approach to 

case definition, and an example of a 

consensus case definition has been 

published.45 Variation on the definition of a 

case of LB across the included sources is 

evident in this review. LB is a diagnosis 

made on a combination of clinical signs and 

symptoms as well as appropriate laboratory 
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testing. Serology testing alone should not be 

encouraged because this in itself is not 

diagnostic. Conversely, while erythema 

migrans is a diagnostic finding for LB, it is 

not present in up to 30% of cases. There are 

complexities surrounding definitive criteria 

for diagnosis due to current variations 

between countries; however, a region-wide 

case definition used in reporting may help to 

improve the accuracy and reporting of LB 

diagnoses. Further research into 

preventative measures aiming to minimize 

the risk of being bitten by a tick should also 

be conducted, as this is the only certain way 

to avoid being infected. 

Conclusions 

LB is a continually emerging disease and the 

most common zoonotic infection in 

Western Europe, approaching endemic 

proportions in many European countries. 

The population-weighted incidence has been 

estimated by this study to be 22.04 per 

100 000 person-years. This review 

encourages further establishment of well-

conducted and concordant surveillance 

research in order to monitor the disease in 

the ever-changing climate where tick 

numbers and activity are increasing, leading 

to greater risks of infection. 

 

 

 

  

Learning Points 

 What is already known 

 Lyme borreliosis is an important disease with wide-ranging health and economic 
impacts and a substantial global health burden. 

 It is the most common zoonotic infection in Western Europe. 

 Incidence of LB is increasing and little is being done to address this increase. 

 Increase in tick numbers may be partly due to climate change. 

What this article adds 

 This study estimates the population-weighted incidence of Lyme borreliosis in Western 

Europe to be 22.04 per 100 000 person-years. 

 There is no unified approach to surveillance or diagnostic criteria for the disease. 

 Further evidence that Lyme borreliosis is established within Western Europe and that 
it is an important topic that requires further research and investment from governing 
bodies. 

 

 



 Res Medica 2014, Volume 22, Issue 1               

Sykes, R. An Estimate of Lyme Borreliosis Incidence in Western Europe, Res Medica 2014, 22(1): pp. 76-87.  
doi:10.2218/resmedica.v22i1.743  

85 

References 

1.  O’Connell S, Granström M, Gray JS, Stanek G. Epidemiology of European Lyme borreliosis. Zentralbl Bakteriol. 
1998 Mar;287(3):229-40. 

2.  Rizzoli A, Hauffe HC, Carpi G, Vourc'h GI, Neteler M, Rosà R. Lyme Borreliosis in Europe. Euro Surveill. 2011 
Jul 7;16(27). pii: 19906. 

3.  Bergström S, Zückert WR. Chapter 6: Structure, function and biogenesis of the Borrellia cell envelope. In: 
Samuels DS, Radolf J, editors. Borrelia: Molecular Biology, Host Interaction and Pathogenesis. Norfolk, UK: Caister 
Academic Press; 2010. 

4.  Linard C, Lamarque P, Heyman P, Dicoffre G, Luyasu V, Tersago K, et al. Determinants of the geographic 
distribution of Puumala virus and Lyme borreliosis infections in Belgium. Int J Health Geogr. 2007 May 2;6:15. 
DOI: 10.1186/1476-072X-6-15. 

5.  Smith RP, Takkinen J. Lyme borreliosis: Europe-wide coordinated surveillance and action needed? Euro Surveill. 
2006 Jun 22;11(6):E060622.1. 

6.  Aucott J, Morrison C, Munoz B, Rowe PC, Schwarzwalder A, West SK. Diagnostic challenges of early Lyme 
disease: lessons from a community case series. BMC Infect Dis. 2009 Jun 1;9:79. DOI: 10.1186/1471-2334-9-79. 
DOI: 10.1186/1471-2334-9-79. 

7.  Schnarr S, Franz JK, Krause A, Zeidler H. Infection and musculoskeletal conditions: Lyme borreliosis. Best Pract 
Res Clin Rheumatol. 2006 Dec;20(6):1099-118. DOI: 10.1016/j.berh.2006.08.006. 

8.  Santino I, Dastoli F, Sessa R, Del Piano M. Geographical incidence of infection with Borrelia burgdorferi in 
Europe. Panminerva Med. 1997 Sep;39(3):208-14. 

9.  Robertson JN, Gray JS, Stewart P. Tick bite and Lyme borreliosis risk at a recreational site in England. Eur J 
Epidemiol. 2000;16(7):647-52. 

10.  Lindgren E, Jaenson TG. Lyme Borreliosis in Europe: Influences of Climate and Climate Change, Epidemiology, Ecology and 
Adaptation Measures. World Health Organisation Europe. 2006. 
http://www.euro.who.int/__data/assets/pdf_file/0006/96819/E89522.pdf?ua=1 (accessed 18 August 2014). 

11. Tälleklint L, Jaenson TG. Increasing geographical distribution and density of Ixodes ricinus (Acari: Ixodidae) in 
central and northern Sweden. J Med Entomol. 1998 Jul;35(4):521-6. 

12. Slack GS, Mavin S, Yirrell D, Ho-Yen DO. Is Tayside becoming a Scottish hotspot for Lyme borreliosis? J R 
Coll Physicians Edinb. 2011 Mar;41(1):5-8. DOI: 10.4997/JRCPE.2011.102. 

13. Lindgren E, Tälleklint L, Polfeldt T. Impact of climatic change on the northern latitude limit and population 
density of the disease-transmitting European tick Ixodes ricinus. Environ Health Perspect. 2000 Feb;108(2):119-23. 
DOI: 10.2307/3454509. 

14. Cottle LE, Mekonnen E, Beadsworth MBJ, Miller ARO, Beeching NJ. Lyme disease in a British referral clinic. 
QJM. 2012 Jun;105(6):537-43. DOI: 10.1093/qjmed/hcs003. 

15. Steere AC, Taylor E, McHugh GL, Logigian EL. The overdiagnosis of Lyme disease. JAMA. 1993 Apr 
14;269(14):1812-6. DOI: 10.1001/jama.1993.03500140064037. 

16. Mead PS. Global epidemiology of Borrelia burgdorferi infections. In: Halperin JJ, editor. Lyme Disease: An 
Evidence-Based Approach. Oxford, UK: CABI; 2011. pp. 100-114. 

17. Coumou J, van der Poll T, Speelman P, Hovius JW. Tired of Lyme borreliosis: Lyme borreliosis in the 
Netherlands. Neth J Med. 2011 Mar;69(3):101-11. 

18. Tonks A. Lyme wars. BMJ. 2007 Nov 3;335(7626):910-2. DOI: 10.1136/bmj.39363.530961.AD. 

19. Ballantyne C. The chronic debate over Lyme disease. Nat Med. 2008 Nov;14(11):1135-9. DOI: 10.1038/nm1108-
1135. 

20. Klempner MS, Hu LT, Evans J, Schmid CH, Johnson GM, Trevino RP, et al. Two controlled trials of antibiotic 
treatment in patients with persistent symptoms and a history of Lyme disease. N Engl J Med. 2001 Jul 
12;345(2):85-92. DOI: 10.1056/NEJM200107123450202. 

21. Klempner MS. Controlled trials of antibiotic treatment in patients with post-treatment chronic Lyme disease. 
Vector Borne Zoonotic Dis. 2002;2(4):255-63. DOI: 10.1089/153036602321653842. 

22. Wormser GP, Dattwyler RJ, Shapiro ED, Halperin JJ, Steere AC, Klempner MS, et al. The clinical assessment, 
treatment, and prevention of Lyme disease, human granulocytic anaplasmosis and babesiosis: clinical practice 
guidelines by the Infectious Diseases Society of America. Clin Infect Dis. 2006 Nov 1;43(9):1089-134. DOI: 
10.1086/508667. 



 Res Medica 2014, Volume 22, Issue 1               

Sykes, R. An Estimate of Lyme Borreliosis Incidence in Western Europe, Res Medica 2014, 22(1): pp. 76-87.  
doi:10.2218/resmedica.v22i1.743  

86 

23. Steere AC, Angelis SM. Therapy for Lyme arthritis: Strategies for the treatment of antibiotic-refractory arthritis. 
Arthritis Rheum. 2006 Oct;54(10):3079-86. DOI: 10.1002/art.22131. 

24. Ljøstad U, Mygland Å. The phenomenon of ‘chronic Lyme’; an observational study. Eur J Neurol. 2012 
Aug;19(8):1128-35. DOI: 10.1111/j.1468-1331.2012.03691.x. 

25. The World Bank. Western Europe. The World Bank website.; 2013 (updated 2014). 
http://go.worldbank.org/7HT50CFQO0 (accessed 18 March 2013). 

26. Hubálek Z. Epidemiology of Lyme borreliosis. Curr Probl Dermatol. 2009;37:31-50. DOI: 10.1159/000213069. 

27. EpiNorth. EpiNorthData: Lyme Borreliosis. EpiNorth Network - A Co-operation Project for Communicable 
Disease Control in Northern Europe website. 
http://www.epinorth.org/eway/default.aspx?pid=230&trg=Area_5279&MainArea_5260=5279:0:15,2937:1:0:0::
:0:0&Area_5279=5291:44530::1:5290:1:::0:0&diseaseid=20 (accessed 18 August 2014). 

28. Health Protection Agency. Lyme Borreliosis in England and Wales 2011. Public Health England website. 2011 
(updated 21 September 2012). 
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/LymeDisease/EpidemiologicalData/lym010
Lymeborreliosis2011/ (accessed 18 March 2013). 

29. The World Bank. Data: Countries and Economies. The World Bank website. 2013 (updated 2014). 
http://data.worldbank.org/country (accessed 18 March 2013). 

30. Office for National Statistics. 2011 UK censuses. Office for National Statistics website. 
http://www.ons.gov.uk/ons/guide-method/census/2011/uk-census/index.html (accessed 19 March 2013). 

31. Fülöp B, Poggensee G. Epidemiological situation of Lyme borreliosis in Germany: surveillance data from six 
Eastern German States, 2002 to 2006. Parasitol Res. 2008 Dec;103 Suppl 1:S117-20. DOI: 10.1007/s00436-008-
1060-y. 

32. Vanthomme K, Bossuyt N, Boffin N, Van Casteren V. Incidence and management of presumption of Lyme 
borreliosis in Belgium: recent data from the sentinel network of general practitioners. Eur J Clin Microbiol Infect 
Dis. 2012 Sep;31(9):2385-90. DOI: 10.1007/s10096-012-1580-3. 

33. Letrilliart L, Ragon B, Hanslik T, Flahault A. Lyme disease in France: a primary care-based prospective study. 
Epidemiol Infect. 2005 Oct;133(5):935-42. DOI: http://dx.doi.org/10.1017/S0950268805004413. 

34. Hofhuis A, Harms MG, van der Giessen JWB, Sprong H, Notermans DW, van Pelt W. Ziekte van Lyme in 
Nederland 1994-2009: aantal huisartsconsulten blijft toenemen; is voorlichting en curatief beleid genoeg? 
Infectieziekten Bull. 2010 Apr;21(3):84-7. 

35. Bennet L, Halling A, Berglund J. Increased incidence of Lyme borreliosis in southern Sweden following mild 
winters and during warm, humid summers. Eur J Clin Microbiol Infect Dis. 2006 Jul;25(7):426-32. DOI: 
10.1007/s10096-006-0167-2. 

36. Smith R, O’Connell S, Palmer S. Lyme disease surveillance in England and Wales, 1986-1998. Emerg Infect Dis. 
2000 Jul-Aug;6(4):404-7. DOI: 10.3201/eid0604.000416. 

37. Jaenson TG, Jaenson DG, Eisen L, Petersson E, Lindgren E. Changes in the geographical distribution and 
abundance of the tick Ixodes ricinus during the past 30 years in Sweden. Parasit Vectors. 2012 Jan 10;5:8. DOI: 
10.1186/1756-3305-5-8. 

38. Daniel M, Danielová V, Kríz B, Jirsa A, Nozicka J. Shift of the tick Ixodes ricinus and tick-borne encephalitis to 
higher altitudes in central Europe. Eur J Clin Microbiol Infect Dis. 2003 May;22(5):327-8. DOI: 10.1007/s10096-
003-0918-2. 

39. Estrada-Peña A, Ayllón N, de la Fuente J. Impact of climate trends on tick-borne pathogen transmission. Front 
Physiol. 2012 Mar 27;3:64. DOI: 10.3389/fphys.2012.00064. 

40. Cumming GS. Comparing climate and vegetation as limiting factors for species ranges of African ticks. Ecology. 
2002;83:255-68. DOI: 10.2307/2680136. 

41. Gray JS, Kahl O, Robertson JN, Daniel M, Estrada-Peña A, Gettinby G, et al. Lyme borreliosis habitat 
assessment. Zentralbl Bakteriol. 1998 Mar;287(3):211-28. 

42. EUCALB. European Concerted Action on Lyme Borreliosis. EUCALB website. 2013 (updated 16 June 2014). 
http://www.eucalb.com/ (accessed 20 March 2013).  

43. Pascucci I, Cammà C. Lyme disease and the detection of Borrelia burgdorferi genospecies in Ixodes ricinus ticks 
from central Italy. Vet Ital. 2010 Apr-Jun;46(2):173-80. 



 Res Medica 2014, Volume 22, Issue 1               

Sykes, R. An Estimate of Lyme Borreliosis Incidence in Western Europe, Res Medica 2014, 22(1): pp. 76-87.  
doi:10.2218/resmedica.v22i1.743  

87 

44. HILYSENS. Background. Highly sensitive and specific low-cost lab-on-a-chip system for Lyme disease diagnosis 
website. 2010. http://www.hilysens.eu/the_project/background (accessed 20 March 2013). 

45. Stanek G, Fingerle V, Hunfield KP, Jaulhac B, Kaiser R, Krause A, et al. Lyme borreliosis: clinical case 
definitions for diagnosis and management in Europe. Clin Microbiol Infect. 2011 Jan;17(1):69-79. DOI: 
10.1111/j.1469-0691.2010.03175.x.x

 


