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Abstract 

Background:  Lyme disease incidence is increasing in Europe, the USA, and Canada. In 2010, a comparison of surveil‑
lance systems for Lyme disease (LD) in humans in 28 European countries showed that systems highly varied, making 
epidemiological comparisons difficult. Details by country were not published. In 2018, one of LD clinical manifesta‑
tions, neuroborreliosis, was added under European Union (EU) surveillance to standardise definitions. In this study, we 
identified and compared, 10 years after the European inventory, the characteristics of national surveillance systems 
and policies for LD in humans, with additional countries.

Methods:  Thirty-four European and North American countries were included. Information on national “traditional” 
systems (which compile data reported by clinicians and laboratories) and “public participatory” websites and mobile 
applications (which collect information directly from the public) were searched in MEDLINE, a systematic evidence 
map, and Google. An existing framework on LD surveillance was adapted to capture information on the administra‑
tion level, indicators, reporting entities, coverage, and obligation to report.

Results:  A surveillance system was found for 29 (85%) countries. Twenty-four had a traditional system alone, one had 
a public participatory system alone, and the remaining had both. Among countries with traditional systems, 23 (82%) 
administered them at the national level. Nineteen (68%) required mandatory reporting. Sixteen (57%) used both 
clinicians and laboratories as reporting entities. Eighteen (64%) employed case definitions, most of which considered 
both neuroborreliosis and erythema migrans (n = 14). Others monitored the number of positive laboratory tests and/
or patient consultations. Public participatory systems were only implemented in countries employing either also 
sentinels or voluntary surveys, or no traditional system, suggesting their use as a complementary tool. Only 56% of EU 
countries had neuroborreliosis as an indicator.

Conclusion:  The situation remains similar to 2010 with persisting heterogeneity between systems, suggesting that 
countries prioritise different surveillance objectives for LD. Without a common indicator in Europe, it is difficult to get 
a clear epidemiological picture. We discuss four factors that potentially influence LD surveillance strategies: percep‑
tions of severity, burden on resources, two-way communication, and the medical conflicts about LD. Addressing these 
with countries might help moving towards the adoption of common practices.
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Background
Lyme disease (LD) is one of the most prevalent vec-
tor-borne diseases in Europe and the USA [1, 2]. It is 
transmitted to humans by the bite of ticks infected by 
a bacterium from the spirochete group Borrelia burg-
dorferi sensu lato. This study focuses on infections in 
humans. The most common clinical presentation is ery-
thema migrans (EM), a cutaneous rash that can appear 
within the first days. Neurological manifestations such as 
Lyme neuroborreliosis (LNB) can develop later as well as 
musculoskeletal, cardiac, skin, and ocular conditions. LD 
has significant health-related quality of life implications 
and healthcare and societal costs [3].

Over the past 30  years, the incidence of LD has 
increased in Europe, the USA, and Canada, reaching 
particularly high rates in Central Europe and North-
Eastern USA [1, 2]. Surveillance activities have become 
paramount to monitor trends and identify population 
groups at risk. At the European Union (EU) level, after 
several calls to standardise LD surveillance practices 
between countries, LNB and a case definition were added 
in 2018 to the EU list of communicable diseases for epi-
demiological surveillance [4]. Countries affected by LD 
were also pressed to make reporting obligatory [1]; prior 
sources had suggested that most did not [5, 6]. However, 
implementing the EU decision might require significant 
changes to attributes in some national surveillance sys-
tems and related laws.

Moreover, alongside the “traditional” surveillance 
systems noted above which compile data reported by 
clinicians and laboratories, “public participatory” (or “cit-
izen-based”) surveillance systems are emerging [7]. In the 
latter, the general public directly reports the presence of 
symptoms or vectors, for instance on a website or mobile 
application (named hereafter “app”). While questions 
remain on data validity and sensitivity, these systems are 
seen as a low-cost option to complement traditional sys-
tems; for instance where their implementation is limited, 
or to capture individuals who do not use participating 
health services [7].

Knowing which indicator(s) national surveillance poli-
cies consider, and how they are reported, is crucial to 
understand and interpret data internationally. To our 
knowledge, the only inventory or comparison of sur-
veillance systems for LD in humans was undertaken by 
the European Centre for Disease Prevention and Con-
trol (ECDC) in 2010 and focused on traditional systems. 
It consisted of an online survey which was then com-
plemented by a literature search (no details provided). 
Thirty countries (27 EU and 3 in the European Free Trade 
Association (EFTA)) were invited through official chan-
nels to complete the questionnaire, of which 28 did. Data 
were aggregated at the EU/EFTA level and summarised 

in a conference report [8], but we were also given access 
to the details by country (personal communication with 
the ECDC in April 2022). The results showed that sys-
tems varied widely, especially among the indicators used.

The presence and clinical manifestations of the Borre-
lia Burgdorferi genospecies in Canada and the USA are 
different from those in Europe. Nevertheless, given the 
long-standing experience of the USA in monitoring LD, 
and the more recent yet well documented experience in 
Canada, potentially useful lessons can be drawn from 
these two countries for Europe from an organisational 
perspective. Thus, the objectives of this study were to 1. 
Map and compare, 10 years after the original inventory, 
the characteristics of national traditional and public-
participatory surveillance systems and policies for moni-
toring LD in humans in EU and EFTA countries as well 
as in Canada and the USA; 2. Examine the use of LNB 
as an indicator within the EU. This project was part of a 
programme of evidence reviews on LD in humans that 
was commissioned by the Department of Health and 
Social Care, England, and registered on PROSPERO 
(CRD42017071515).

Methods
Current national surveillance systems and policies for 
LD were included for 34 countries: Canada, the USA, the 
UK, the 27 EU countries as of 2021, and the four non-EU 
EFTA countries (Iceland, Liechtenstein, Norway, Swit-
zerland). Research projects that are part of a national 
governmental surveillance strategy and involve periodi-
cal data collection were considered. The use of routine 
clinical data and clinical records was excluded. For prag-
matic reasons, where systems vary between subnational 
areas, we used the national guidance when available and 
described the system overall at the national level.

Journal articles and government-related documents 
such as legislations, descriptions of systems, and sur-
veillance reports were searched using three strategies: 
i) We scanned the studies on incidence and prevalence 
included in a systematic evidence map of research on LD 
produced as part of our overarching project [9]. ii) We 
searched MEDLINE (updated in July 2021) for studies 
published after the map (search strategy in Supplement 
A). iii) We searched the websites of relevant govern-
mental authorities (e.g. national public health depart-
ment) and via Google (search strategy in Supplement B). 
Google Translate was used when necessary. Information 
was rated as unclear when incomplete or where contra-
dictions were found. Searches i and iii were conducted by 
one reviewer and verified by another in 2017 (JJD, LB and 
TL) and reconducted in September–October 2020 (LB).

Data were extracted by country into a framework 
in Excel by one reviewer (LB) and checked by a 
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second (JJD). The framework for traditional systems 
(Table  1) was based on the five surveillance char-
acteristics for LD suggested by van den Wijngaard 
et  al. [6] with some modifications: administration 
level, key indicators, reporting entities, coverage, 
and obligation (Table  1). “Administrative level” was 
used to describe the level of power where systems 
are regulated and implemented like the ECDC did 
[8], rather than the level of precision of the data pub-
lished. “Key indicators” focused on manifestations 
in humans only (not on the presence of humans in 
areas at risk and infection in wildlife and ticks). We 
divided these into three categories: case definitions, 
positive laboratory tests, and medical patient con-
sultations. “Type of reporting” was renamed “Obli-
gation” and focused on the obligation to report at 
the national level. Public participatory websites and 
apps were mapped separately by the type of infor-
mation reported. Data were synthesized narratively 
by surveillance system characteristics based on the 
framework using descriptive statistics and examples. 
Results about Canada and the USA were compiled 
separately due to differences in genospecies. Ethical 
approval was not required since this is an analysis of 
published information.

Results
Twenty-nine of the 34 countries have a national govern-
mental surveillance system or policy for LD: 27 (84%) of 
the European countries assessed as well as Canada and 
the USA. All but Liechtenstein use at least one traditional 
system, i.e. data reported by clinicians and/or laborato-
ries. Five have a public participatory website or app. The 
characteristics are summarized in Tables 2 and 3. Analy-
ses of the traditional systems (n = 28) and public partici-
patory systems (n = 5) are presented below.

Traditional surveillance systems
Administration level
Among the 26 European countries with a traditional sys-
tem, 24 (92%) administer it at the national level [2, 5–11, 
18–22, 26–28, 33, 34, 34]. This includes Spain where LD 
surveillance is a regional responsibility [36] because we 
focused on their national sentinel system [37]. In the 
remaining two European countries (Germany, the UK) 
as well as Canada and the USA, responsibility lies at sub-
national level (i.e. state, country, province, or territory). 
Nevertheless, all have some degree of national govern-
ance. For instance, LD has a nationally notifiable status 
in Canada and the USA. A national case definition was 
found for Canada [43], Germany [51] and the USA [52]. 

Table 1  Characteristics of surveillance systems for Lyme disease in humans (framework for data extraction and analysis)

Apps: mobile applications; EM: erythema migrans; LNB: Lyme neuroborreliosis

Framework adapted from [6]

Characteristics Definitions

Traditional systems
Administrative level The responsibility to regulate and implement the system lies with the authority at the:

• National level; OR
• Subnational level

Key indicators Definition of what is recorded as “Lyme disease”. More than one could be used:
• Use of a case definition for EM, LNB, and/or other “late” clinical manifestations (e.g. 
Lyme carditis or arthritis), and whether these are based on clinical signs only and/
or confirmed with a laboratory test. Where several levels of confidence are used (e.g. 
probable, confirmed), the definition for confirmed cases was extracted
• Positive laboratory tests;
• Medical patient consultations for tick bites, EM or other manifestations

Reporting entity Unit responsible for reporting a positive case to the system:
• The clinician treating a patient with the disease; OR
• The laboratory; OR
• Both the clinician and laboratory, either in the same or different areas of the country

Coverage The surveillance system:
• Is comprehensive (all reporting units are invited or required to report data); OR
• Uses samples of reporting units (e.g. sentinels) or other non-comprehensive methods

Obligation The reporting of information at the national level is:
• Mandatory (e.g. by law); OR
• Voluntary; OR
• It varies between areas

Public participatory websites and apps
Indicators The system collects information directly from the general public using a website and/

or app. Indicators: tick bites, EM and/or other manifestations
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All subnational areas in Canada, the UK, and the USA 
submit data to a national authority, which publishes them 
[53, 54, 55].

Key indicators
The categories of indicators in traditional surveillance 
systems included the number of 1) cases, 2) confirmed 
laboratory tests, and 3) patient consultations. Sixteen 
(62%) of the 26 European countries with a traditional sys-
tem as well as Canada and the USA employ case defini-
tions (explicit criteria for categorising a positive case of 
LD, typically specifying clinical manifestations with or 
without laboratory confirmation) [14, 15, 18, 20, 22, 23, 
25, 30–32, 36, 45–48, 50, 52, 53]. Croatia, Czech Repub-
lic, Romania and the USA are examples of countries that 
have developed extensive definitions: cases are classified 
as suspected, probable, or confirmed, with clearly defined 
clinical presentation, laboratory confirmation and/or 
exposure [14, 31, 46, 23]. On the other hand, we did not 
find case definitions for Slovakia but cases in national 
surveillance reports are clearly reported using codes 
A69.2, G63.0 and M01.2 from the International Classifi-
cation of Diseases (ICD-10) by the World Health Organi-
zation [30], which refer to different manifestations of LD. 
All 16 European countries employing case definitions 
consider LNB: 10 together with EM and other late mani-
festations, two with EM, and four LNB alone. Fifteen are 
part of the EU, meaning that 56% of EU member states 
monitor LNB using a case definition. Since the EU deci-
sion in 2018, some countries have integrated the EU case 
definition into their own, e.g. Bulgaria, Croatia, Ireland, 
Poland, Portugal and Romania [31, 45, 46, 48, 49, 53]. All 
but Croatia already had LNB in their case definitions. 
Canada and the USA consider both EM and late manifes-
tations including LNB.

Other indicators employed in Europe include positive 
laboratory tests alone (Finland, Spain, UK) [17, 34]; num-
ber of patient medical consultations for tick bites and EM 
(the Netherlands, Switzerland) [5, 37]; and both positive 
laboratory tests and patient consultations (Belgium) [11]. 
Neither clinical nor laboratory information is required to 
report cases in Iceland [51]. We were unable to find clear 
national indicators for Italy, Estonia, and Lithuania. Only 
the Netherlands [3] and Switzerland [37] appear to moni-
tor chronic aspects of LD.

Reporting entities
Fourteen (54%) of the 26 European countries with a tra-
ditional system as well as Canada and the USA use both 
clinicians and laboratories as reporting entities [2, 11–5, 
11, 13–14, 15, 16, 17, 18, 20, 22, 23, 24, 28, 29]. Data can 
be reported separately or compiled by the authority in 
charge. Belgium is an example where data are published 

separately for four different systems: i) periodical sur-
veys from general practitioner (GP) sentinels; ii) monthly 
reports about laboratory sentinels; iii) yearly reports 
from the “National Reference Centre for Borrelia burg-
dorferi” (translated from French); and iv) a participatory 
website and app [30]. In Norway, by contrast, informa-
tion from clinicians and laboratories are aggregated into 
a single database by the Norwegian Institute of Public 
Health using personal identification numbers. When 
both clinical signs and a positive laboratory test match, 
they are registered as a single case [31]. Of the remain-
ing European countries, nine (35%) only use clinicians 
[32, 33, 34, 35–36, 36, 37] and three use only laboratories 
(Finland, Spain, UK) [43, 44].

Coverage and obligation
Twenty-one (81%) European countries with a traditional 
system as well as Canada and the USA use a compre-
hensive coverage strategy, meaning that every individual 
or entity corresponding to the systems’ reporting body 
profile are included in the system, e.g. all laboratories 
and/or all clinicians. Most have made reporting manda-
tory at the national level (n = 19) [12–17, 22–26, 28–33, 
35, 36]. Canada, the UK, and the USA require voluntary 
reporting at the national level; however in practice, all 
subnational areas transmit data. The Netherlands uses a 
unique comprehensive and voluntary system consisting 
of retrospective surveys sent to every GP at 4–5-year 
intervals [5].

By contrast, Belgium, France, Spain, and Switzerland 
use samples (sentinels) at the national level. Sentinels are 
samples of reporting units that are voluntary registered 
in a network and trained to actively report information to 
the system. They are generally selected to represent the 
general population or for their higher likelihood to see 
cases [6]. France, Switzerland, and Belgium use clinician 
sentinels that either regularly report cases (France, Swit-
zerland) [18, 37] or complete prospective surveys every 
4–6  years (Belgium) [11]. Furthermore, both Belgium 
and Spain use laboratory sentinels [11, 34]. There is no 
country-wide reporting system for LD in Germany but 
some states employ a mandatory approach [20].

Public participatory surveillance systems
In Belgium, France, Liechtenstein, the Netherlands, 
and Switzerland, a national governmental authority is 
involved in a public participatory website or app (details 
in Supplement C). The general population is invited to 
report tick bites (all countries) as well as signs of EM 
after a tick bite (Belgium, the Netherlands), and fever or 
“‘other forms” of LD (the Netherlands). Liechtenstein and 
Switzerland share a joint system.
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Discussion
To our knowledge, this review provides the first publicly 
available international comparison of human LD surveil-
lance systems with details by country. It updates data 
collected by the ECDC in 2010 which were aggregated 
at the EU/EFTA level in a conference report [8]. Twenty-
seven (84%) of the 32 European countries included as 
well as Canada and the USA have a national surveillance 
system or policy for LD in humans. Of the 32 European 
countries, more than half require mandatory report-
ing at the national level, which is more than the “few” 
recently suggested [17]. However, two years after the EU 
announcement, only 56% of EU countries consider LNB. 
This is without considering the specific EU clinical and 
laboratory criteria, so the proportion using the EU case 
definition is likely to be smaller. Based on our personal 
observations (not a systematic assessment), countries 
that employ the EU case definition already had a manda-
tory and comprehensive system with a case definition. 
Considering the spread of the disease, health and health-
care impacts, growing awareness and pressure from 
health professionals and the public, and following the EU 
leadership, we would have expected more countries to 
monitor the disease and standardise practices.

Regarding EU/EFTA countries, when comparing the 
findings from the 2010 survey by the ECDC (n = 28 
including the UK) [8] to those from our study (n = 31, 
excluding the UK since it had since left the EU), our 
results suggest that the situation has not changed much. 
Using the data shared by the ECDC (personal commu-
nication in April 2022), we can say that the additional 
countries in 2020 were Croatia, Italy, Liechtenstein and 
Luxemburg. A similar proportion of countries have a tra-
ditional system (n = 23 [82%] in 2010 vs 25 [81%] in 2020) 
although they slightly differ: we found a system for Ire-
land (it had none in 2010) and for three of the four addi-
tional countries (Croatia, Italy and Luxemburg) but not 
for Austria while it was listed in 2010 as having a senti-
nel, and we excluded the UK system. A few more coun-
tries use a comprehensive system (17 [61%] in 2010 vs 20 
[65%] in 2020) including Ireland, Croatia, Italy and Lux-
emburg. Contrary to the ECDC in 2010, we also added 
the Netherlands to this list but not Germany, suggesting 
differences in interpretation for these systems (which 
are different from the norm), and we excluded the UK 
again. The number of countries using mandatory report-
ing increased from 16 [57%] in 2010 to 20 [65%] in 2020), 
once again due to the addition of Ireland, Croatia, Italy 
and Luxemburg. In brief, the increase in the proportion 
and number of countries employing a comprehensive and 
mandatory system was mainly due to Ireland now having 
one, Croatia joining the EU, the UK leaving with a vol-
untary system, and the inclusion of additional countries, 

rather than multiple previous countries having changed 
their approach. Results for the reporting units and indi-
cators cannot be compared due to differences in focus 
and categories.

The persistent high heterogeneity across the systems, 
particularly for the types of indicators (including the 
case definitions themselves) and reporting entities, sug-
gests that governments seek different surveillance objec-
tives. While there is no perfect method (e.g. all are prone 
to under- or over-reporting [6, 8, 44, 56], and different 
reporting entities and obligation levels give different 
results [57]), using a common indicator in Europe would 
at least ensure that data are collected about the same 
thing. The diversity of indicators used is nevertheless not 
surprising given the absence of medical consensus on 
the definition of LD symptoms and their diagnosis [1, 3]. 
Differences in healthcare systems and data logistics have 
also been highlighted [6]. Drawing from the European 
and North American literature retrieved in our searches, 
in the following we suggest four additional factors which 
are not directly linked with specific Borrelia Burgdor-
feri genospecies and potentially influence national LD 
surveillance strategy decisions: perception of severity, 
burden on resources, two-way communication, and the 
medical conflicts about LD.

Perception of severity
Since LD is not communicable between humans and 
rarely leads to outbreaks, it has been argued that there is 
a lesser need to identify every single case [8, 20]. This was 
one of the reasons for the ECDC to suggest LNB as the 
sole indicator for the EU [8]. In France, GP sentinels were 
chosen since LD causes few deaths and hospitalisations 
[58]. However, the limited sensitivity of LNB alone and 
sentinels [6] might explain why few countries have cho-
sen these options. By contrast, in Canada, LD is emerg-
ing and rapidly expanding to new regions. To understand 
the situation, calls have been made to expand the scope 
of surveillance.

Burden on resources
Balancing data precision with resources availability is a 
challenge from which LD surveillance is not spared. On 
the one extreme, Iceland uses automatic submissions 
from medical records without clinical nor laboratory 
information. Data have been said to be so unreliable that 
it is unclear whether the disease is present in the coun-
try or not [51]. At the other extreme, in American states 
where incidence rates are extremely high, surveillance 
staff question whether “intensive statewide” LD surveil-
lance is practicable [15, 53]. Different strategies have been 
implemented to reduce the workload. In Connecticut, 
cases with missing information are directly considered 
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as lost to follow-up [56]. In Maryland, some local health 
departments only investigate cases that meet the labora-
tory criteria [56]. At the national level, laboratory tests 
are only required to confirm EM cases in low-incidence 
states (< 10 confirmed cases per 100,000 inhabitants) 
[57]. The combination of voluntary reporting with public 
participatory systems found in our study suggests this as 
another strategy to improve data precision while limit-
ing the burden on resources. Research is needed to assess 
whether this is effective. Using automated laboratory 
data like in Denmark is another avenue for reducing the 
resources needed [57].

Two‑way communication
Public participatory surveillance systems can be seen as 
an opportunity to kill two birds with one stone; to gather 
data and educate the public at the same time. This is the 
case for the Dutch app, which was designed as a “two-
way communication” tool [7]: the public can both provide 
and receive information. However, an evaluation showed 
no difference in knowledge and intention to apply pre-
ventive strategies between the intervention and control 
group [59]. More research is needed, including between 
different population groups.

Medical conflicts about LD
The limited adoption of the EU case definition and moni-
toring of chronic LD perhaps reflects the two-decades 
long debates about LD, which started in the USA and has 
expanded to other countries including France and the UK 
[58, 60]. On the one hand, according to the Infectious 
Diseases Society of America (IDSA), whose guidelines 
are endorsed by the US-CDC, there is no evidence for 
chronic LD, and post-treatment LD is uncommon. On 
the other hand, patient groups and ‘Lyme-literate physi-
cians’ including the International Lyme and Associated 
Diseases (ILADS) frequently diagnose and treat these. 
These disputes are said to keep clinicians and researchers 
on the defensive and to limit their engagement with the 
disease, which hinders knowledge and patient care [3]. 
A systematic review on the experience of LD diagnosis 
produced as part of our project showed that patients with 
persisting symptoms perceived clinicians as ambivalent, 
sceptical, or condescending [3]. Our follow-up consulta-
tion on these findings with patients and clinicians found 
that some clinicians feared to be vilified by colleagues, 
tracked by authorities, or to lose their license if they went 
beyond the guidelines [3]. Could this climate also affect 
the choice of surveillance strategies and explain the rela-
tive status quo in the policies? Assessing the views and 
experiences of decision-makers involved in LD surveil-
lance could help understand whether these conflicts 

partly explain the moderate engagement with the EU case 
definition and absence of national surveillance policy in 
some countries that have high incidence rates.

Strengths of our review include comprehensive 
searches, data extraction performed by one researcher 
and verified by a second, and the use of a published theo-
retical framework which we adapted to guide the sys-
tem classification and synthesis of findings. Although a 
range of surveillance characteristics were documented, 
others could have been considered. For instance, we did 
not differentiate the types of laboratory tests and clinical 
signs used for each manifestation. Governmental agen-
cies were not contacted to validate data or obtain fur-
ther information. We did not assess systems in terms of 
efficiency, sensitivity, acceptability, data quality, level of 
aggregation of data, nor through time.

Conclusions
This review highlights that high heterogeneity persists 
between European national surveillance systems and 
policies for human LD despite the introduction of an EU 
case definition. Without a common indicator, it is diffi-
cult to get a clear epidemiological picture. As LD contin-
ues to spread, understanding the factors that influence 
national LD surveillance strategies and discussing them 
with countries might support the adoption of common 
practices within the EU and the European continent.

Abbreviations
App: Mobile application; EM: Erythema migrans; EFTA: European Free Trade 
Association; ECDC: European Centre for Disease Prevention and Control; 
EU: European Union; Lab: Laboratory; GP: General practitioner; LNB: Lyme 
neuroborreliosis.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​022-​13669-w.

Additional file 1.  

Acknowledgements
We would like to thank Dr Helen Burchett and Dr Miguella Mark-Carew for 
their comments on a previous version of the manuscript, the members of our 
scientific advisory group, Public Health England and the Department of Health 
and Social Care team for their guidance on the direction of the project, and 
the European Centre for Disease Prevention and Control for sharing data.

Authors’ contributions
LB, TL and KS conceived the study. JT and AS helped conceptualise the study. 
LB, JJD and TL searched the literature. LB and JJD extracted data. LB analysed 
the data and drafted the manuscript. JT obtained funding. All authors revised 
the manuscript. The author(s) read and approved the final manuscript.

Funding
This review was commissioned by the National Institute for Health Research 
(NIHR) Policy Research Programme (PRP) for the Department of Health and 
Social Care (DHSC). It was funded through the NIHR PRP contract with the 

https://doi.org/10.1186/s12889-022-13669-w
https://doi.org/10.1186/s12889-022-13669-w


Page 12 of 13Blanchard et al. BMC Public Health         (2022) 22:1307 

EPPI Centre at University College London, London [grant number PR-R6-
0113–11003; Reviews facility to support national policy development and 
implementation]. The views expressed in this publication are those of the 
author(s) and not necessarily those of the NHS, the NIHR or the DHSC.
Funder involvement: This work is part of an ongoing programme of work 
funded by DHSC. Throughout the review, DHSC policy team members were 
consulted to understand the context of the issue under study, and to identify 
the focus and scope of the analysis. They were not involved in the collection, 
analysis and interpretation of data, the writing of the report and article, nor 
the decision to submit an article for publication.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Not applicable since this is an analysis of published information.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 London School of Hygiene and Tropical Medicine, Faculty of Public Health 
Policy, London WC1H 9SH, UK. 2 University of York, Centre for Reviews and Dis‑
semination, York YO10 5DD, UK. 3 Present address: School of Medicine, Univer‑
sity of Nottingham, Nottingham NG7 2RD, UK. 4 University College London, 
UCL Social Research Institute, London WC1H 0AA, UK. 

Received: 12 December 2021   Accepted: 20 May 2022

References
	1.	 European Parliament. European Parliament resolution on Lyme disease 

(Borreliosis) (2018/2774(RSP)). 2018.
	2.	 Schwartz AM, Hinckley AF, Mead PS, Hook SA, Kugeler KJ. Surveillance 

for Lyme Disease — United States, 2008–2015. MMWR Surveill Summ. 
2017;66. https://​doi.​org/​10.​15585/​mmwr.​ss662​2a1.

	3.	 Brunton G, Sutcliffe K, Hinds K, Khatwa M, Burchett H, Dickson K, et al. 
Stakeholder experiences of the diagnosis of Lyme disease: a systematic 
review. London: EPPI-Centre, Social Science Research Unit, UCL Institute 
of Education, University College London; 2017.

	4.	 European Parliament. Commission implementing decision (EU) 2018/945 
of 22 June 2018 on the communicable diseases and related special 
health issues to be covered by epidemiological surveillance as well as 
relevant case definitions. Off J Eur Union. 2018;170:1-73.

	5.	 Hofhuis A. Epidemiology of Lyme borreliosis and other tick-borne dis‑
eases in the Netherlands. The Netherlands: Utrecht University; 2017.

	6.	 van den Wijngaard CC, Hofhuis A, Simões M, Rood E, van Pelt W, Zeller H, 
et al. Surveillance perspective on Lyme borreliosis across the European 
Union and European Economic Area. Eurosurveillance. 2017;22. https://​
doi.​org/​10.​2807/​1560-​7917.​ES.​2017.​22.​27.​30569.

	7.	 Smolinski MS, Crawley AW, Olsen JM, Jayaraman T, Libel M. Participa‑
tory disease surveillance: engaging communities directly in reporting, 
monitoring, and responding to health threats. JMIR Public Health Surveill. 
2017;3: e62. https://​doi.​org/​10.​2196/​publi​cheal​th.​7540.

	8.	 European Centre for Disease Prevention and Control. Second expert 
consultation on tick-borne diseases with emphasis on Lyme borreliosis 
and tick-borne encephalitis. 22–23 November 2011. Stockholm, Sweden: 
European Centre for Disease Prevention and Control; 2012.

	9.	 Stokes G, Blanchard L, Sutcliffe K, Dickson K, Brunton G, Burchett H, et al. 
A systematic evidence map of research on Lyme disease in humans. 
London: EPPI-Centre, Social Science Research Unit, UCL Institute of 
Education, University College London; 2017.

	10.	 Bundesministerium für Gesundheit und Frauen [Austria]. Bundesgesetz 
zur Überwachung von Zoonosen und Zoonoseerregern (Zoonosenge‑
setz), appendix I-B; 2021.

	11.	 Sciensano [Belgium]. Sciensano & Lyme disease. 2018. https://​www.​scien​
sano.​be/​en/​health-​topics/​lyme-​disea​se/​role . Accessed 13 Sept 2020.

	12.	 Kojouharova M. Overview of communicable disease surveillance system 
in Bulgaria. Sofia: Viral hepatitis prevention board meeting; 2011.

	13.	 Hrvatski Sabor [Croatian Parliament]. Zakon o zaštiti pučanstva od 
zaraznih bolesti 18.04.2020 [Law on Protection of the Population from 
Infectious Diseases 18.04.2020]. Zakon HR 2020. https://​www.​zakon.​hr/z/​
1067/​Zakon-o-​za%​C5%​A1titi-​pu%​C4%​8Dans​tva-​od-​zaraz​nih-​boles​ti. 
Accessed 13 Sept 2020.

	14.	 Ministerstva vnitra [Ministry of Interior of Czech Republic]. Vyhláška č. 275 
ze dne 13. září 2010, kterou se mění vyhláška č. 473/2008 Sb., o systému 
epidemiologické bdělosti pro vybrané infekce [Decree No. 275 of 13 
September 2010 amending Decree No. 473/2008 Coll., on the system 
of epidemiological vigilance for selected infections]. Sb Zák Čes Repub 
2010;103:4034–65.

	15.	 Statens Serum Institut [Denmark]. Anmeldelse af sygdomme 2019. 
https://​www.​ssi.​dk/​sygdo​mme-​bered​skab-​og-​forsk​ning/​anmel​delse-​af-​
sygdo​mme. Accessed 17 Dec 2020.

	16.	 Tervise- ja tööminister [Estonia]. Nakkushaiguste ja nakkushaiguskahtluse 
esinemise ning haigestumise ohutegurite ja ennetamise kohta teabe 
edastamise kord, nakkushaiguste loetelu ja andmesubjekti isikuandme‑
tega edastatavate andmete koosseis, revision 28.11.2020 [Procedure 
for the transmission of information on the occurrence and suspicion of 
communicable diseases and communicable diseases, the list of commu‑
nicable diseases and the composition of the data transmitted with the 
personal data of the data subject]. 2020.

	17.	 Feuth E, Virtanen M, Helve O, Hytönen J, Sane J. Lyme borreliosis in Fin‑
land: a register-based linkage study. BMC Infect Dis. 2020;20:819. https://​
doi.​org/​10.​1186/​s12879-​020-​05555-w.

	18.	 Septfons A, Goronflot T, Jaulhac B, Roussel V, De Martino S, Guerreiro S, 
et al. Epidemiology of Lyme borreliosis through two surveillance systems: 
the national Sentinelles GP network and the national hospital discharge 
database, France, 2005 to 2016. Eurosurveillance. 2019;24. https://​doi.​org/​
10.​2807/​1560-​7917.​ES.​2019.​24.​11.​18001​34.

	19.	 Centre national de référence des Borrelia [France]. Rapport annuel 
d’activité 2017. Hôpitaux universitaires de Strasbourg; 2018.

	20.	 Enkelmann J, Böhmer M, Fingerle V, Siffczyk C, Werber D, Littmann M, 
et al. Incidence of notified Lyme borreliosis in Germany, 2013–2017. Sci 
Rep. 2018;8:14976. https://​doi.​org/​10.​1038/​s41598-​018-​33136-0.

	21.	 Zubriková D, Wittmann M, Hönig V, Švec P, Víchová B, Essbauer S, et al. 
Prevalence of tick-borne encephalitis virus and Borrelia burgdorferi 
sensu lato in Ixodes ricinus ticks in Lower Bavaria and Upper Palatinate. 
Germany Ticks Tick-Borne Dis. 2020;11: 101375. https://​doi.​org/​10.​1016/j.​
ttbdis.​2020.​101375.

	22.	 Government of Hungary. 18/1998. (VI. 3.) NM rendelet : a fertőző 
betegségek és a járványok megelőzése érdekében szükséges járványügyi 
intézkedésekről [NM Regulation 18/1998. (VI. 3.): epidemiological meas‑
ures needed to prevent infectious diseases and epidemics] 2017. https://​
net.​jogtar.​hu/​jogsz​abaly?​docid=​99800​018.​nm. Accessed 28 Sept 2020.

	23.	 Health Protection Surveillance Centre [Ireland]. Primary Prevention and 
Surveillance of Lyme Borreliosis in Ireland. Ireland: 2019.

	24.	 Ministero della Salute [Italy]. Modalità di segnalazione delle malattie 2019. 
http://​www.​salute.​gov.​it/​porta​le/​malat​tieIn​fetti​ve/​detta​glioC​onten​utiMa​
latti​eInfe​ttive.​jsp?​lingua=​itali​ano&​id=​650&​area=​Malat​tie%​20inf​ettiv​e&​
menu=​sorve​glian​za. Accessed 6 Oct 2020.

	25.	 Slimību profilakses un kontroles centrs [Latvia]. Infekcijas slimību 
reģistrācija [Registration of infectious diseases] 2020. https://​www.​spkc.​
gov.​lv/​lv/​infek​cijas-​slimi​bu-​regis​traci​ja. Accessed 7 Oct 2020.

	26.	 Lietuvos respublikos sveikatos apsaugos ministras [Health Minister of 
the Republic of Lithuania]. Įsakymas dėl privalomojo epidemiologinio 
registravimo, privalomojo informacijos apie epidemiologinio registravimo 
objektus turinio ir informacijos privalomojo perdavimo tvarkos patvir‑
tinimo, 2002 m. gruodžio 24 d. Nr. 673 [Order regarding the approval 
of the procedure for the mandatory epidemiological registration, the pro‑
cedure for the mandatory transmission of information on the content of 
information on the objects of epidemiological registration, 24 December 
2002, no. 673] 2018. https://​www.e-​tar.​lt/​portal/​lt/​legal​Act/​TAR.​733DC​
24432​7C/​zsczR​icOEK. Accessed 10 Oct 2020.

https://doi.org/10.15585/mmwr.ss6622a1
https://doi.org/10.2807/1560-7917.ES.2017.22.27.30569
https://doi.org/10.2807/1560-7917.ES.2017.22.27.30569
https://doi.org/10.2196/publichealth.7540
https://www.sciensano.be/en/health-topics/lyme-disease/role
https://www.sciensano.be/en/health-topics/lyme-disease/role
https://www.zakon.hr/z/1067/Zakon-o-za%C5%A1titi-pu%C4%8Danstva-od-zaraznih-bolesti
https://www.zakon.hr/z/1067/Zakon-o-za%C5%A1titi-pu%C4%8Danstva-od-zaraznih-bolesti
https://www.ssi.dk/sygdomme-beredskab-og-forskning/anmeldelse-af-sygdomme
https://www.ssi.dk/sygdomme-beredskab-og-forskning/anmeldelse-af-sygdomme
https://doi.org/10.1186/s12879-020-05555-w
https://doi.org/10.1186/s12879-020-05555-w
https://doi.org/10.2807/1560-7917.ES.2019.24.11.1800134
https://doi.org/10.2807/1560-7917.ES.2019.24.11.1800134
https://doi.org/10.1038/s41598-018-33136-0
https://doi.org/10.1016/j.ttbdis.2020.101375
https://doi.org/10.1016/j.ttbdis.2020.101375
https://net.jogtar.hu/jogszabaly?docid=99800018.nm
https://net.jogtar.hu/jogszabaly?docid=99800018.nm
http://www.salute.gov.it/portale/malattieInfettive/dettaglioContenutiMalattieInfettive.jsp?lingua=italiano&id=650&area=Malattie%20infettive&menu=sorveglianza
http://www.salute.gov.it/portale/malattieInfettive/dettaglioContenutiMalattieInfettive.jsp?lingua=italiano&id=650&area=Malattie%20infettive&menu=sorveglianza
http://www.salute.gov.it/portale/malattieInfettive/dettaglioContenutiMalattieInfettive.jsp?lingua=italiano&id=650&area=Malattie%20infettive&menu=sorveglianza
https://www.spkc.gov.lv/lv/infekcijas-slimibu-registracija
https://www.spkc.gov.lv/lv/infekcijas-slimibu-registracija
https://www.e-tar.lt/portal/lt/legalAct/TAR.733DC244327C/zsczRicOEK
https://www.e-tar.lt/portal/lt/legalAct/TAR.733DC244327C/zsczRicOEK


Page 13 of 13Blanchard et al. BMC Public Health         (2022) 22:1307 	

	27.	 Lietuvos respublikos sveikatos apsaugos ministro [Lithuania]. Įsakymas 
dèl pranešimų apie užkrečiamąsias ligas ir jų sukèlèjus formų patvirtinimo 
2009 m. gegužės 27 d. Nr. V-414 [Order Notification of communicable 
diseases and forms 27 May 2009 no. V-414]; 2019.

	28.	 Gouvernement du Grand-Duché de Luxembourg. Règlement grand-
ducal du 15 février 2019 portant énumération des maladies sujettes à 
déclaration obligatoire et fixant les délais de déclaration ainsi que les 
informations à reprendre au cahier des charges pour la désignation 
comme laboratoire national de référence d’un laboratoire d’analyses 
médicales [Grand-Ducal Regulation of February 15, 2019 listing the 
diseases subject to mandatory notification and setting the reporting 
deadlines as well as the information to be included in the specifications 
for the designation as a national reference laboratory of a medical analy‑
sis laboratory] 2019. http://​legil​ux.​public.​lu/​eli/​etat/​leg/​rgd/​2019/​02/​15/​
a104/​jo. Accessed 11 Oct 2020.

	29.	 Marszałka Sejmu Rzeczypospolitej [Poland]. Ustawa z dnia 5 grudnia 2008 
r. o zapobieganiu oraz zwalczaniu zakażeń i chorób zakaźnych u ludzi 
[Ustawa z dnia 5 grudnia 2008 r. o zapobieganiu oraz zwalczaniu zakażeń 
i chorób zakaźnych u ludzi]. Consolidated version as of 14–09–2020. Dz 
Ustaw. 2019;2.

	30.	 Direção-Geral da Saúde [Portugal]. Despacho n.o 12513-B/2019 [Order 
No. 12513-B / 2019]. Diário Repúb 2a Sér 2019;251:331–25.

	31.	 Institutul National de Sănătate Republicâ Romania. Metodologia de 
supraveghere a Bolii Lyme [Lyme Disease Surveillance Methodology]. 
Institutul National de Sănătate Republicâ Romania; 2020.

	32.	 Slovenskej Republiky [Slovakia]. Zákon č. 355/2007 Z. z. Zákon o ochrane, 
podpore a rozvoji verejného zdravia a o zmene a doplnení niektorých 
zákonov [Act no. 355/2007 Coll. Act on the Protection, Promotion and 
Development of Public Health and on Amendments to Certain Acts], 
updated 10/15/2020. EpiSk 2020. https://​www.​epi.​sk/​zz/​2007-​355. 
Accessed 26 Oct 2020.

	33.	 Republike Slovenije [Slovenia]. Pravilnik o spremembi in dopolnitvi 
Pravilnika o prijavi nalezljivih bolezni in posebnih ukrepih za njihovo 
preprečevanje in obvladovanje [Rules amending and supplementing the 
Rules on the Application of Communicable Diseases and Specific Meas‑
ures for Preventing and Controlling]. Pravno-Inf Sist. 2017. http://​www.​
pisrs.​si/​Pis.​web/​pregl​edPre​dpisa?​id=​PRAV1​3203#. Accessed 25 Oct 2020.

	34.	 Ministerio de ciencia e innovación & Instituto de Salud Carlos III [Spain], 
Centro Nacional de Epidemiología [Spain]. Informe anual del sistema de 
información microbiológica 2017 [Annual report of the microbiological 
information system 2017]. Madrid: Instituto de Salud Carlos III; 2020.

	35.	 Directorate of Health [Iceland]. Regulation on reporting of communica‑
ble diseases and agents posing a threat to public health, No. 221/2012, as 
amended by Regulation No. 226/2019.

	36.	 MacDonald E, Vestrheim DF, White RA, Konsmo K, Lange H, Aase A, 
et al. Are the current notification criteria for Lyme borreliosis in Norway 
suitable? Results of an evaluation of Lyme borreliosis surveillance in 
Norway, 1995–2013. BMC Public Health. 2016;16. https://​doi.​org/​10.​1186/​
s12889-​016-​3346-9.

	37.	 Office fédéral de la santé publique [Switzerland]. Maladies transmises 
par les tiques – Situation en Suisse [Tick-borne diseases - Situation in 
Switzerland]. OFSP-Bull. 2020;20:7–10.

	38.	 Public Health England [UK]. Zoonoses Report UK 2017. London: HM 
Government; 2018. 

	39.	 Public Health England [UK]. The Health Protection (Notification) Regula‑
tions 2010 No. 659.

	40.	 Northern Ireland Parliament [UK]. Public Health Act (Northern Ireland) 1967.
	41.	 Scotland Parliament [UK]. Public Health etc. (Scotland) Act 2008 asp 5.
	42.	 Public Health Wales [UK]. 2010 No 1546 (W. 144) The Health Protection 

(Notification) (Wales) Regulations 2010.
	43.	 Government of Canada. Surveillance of Lyme disease 2020. https://​www.​

canada.​ca/​en/​public-​health/​servi​ces/​disea​ses/​lyme-​disea​se/​surve​illan​
ce-​lyme-​disea​se.​html. Accessed 9 Nov 2020.

	44.	 Lloyd VK, Hawkins RG. Under-Detection of Lyme Disease in Canada. 
Healthcare. 2018;6. https://​doi.​org/​10.​3390/​healt​hcare​60401​25.

	45.	 Mиниcтepcтвoтo нa здpaвeoпaзвaнeтo [Ministry of Health of Bulgaria]. 
HAPEДБA № 21 OT 18 ЮЛИ 2005 Г. ЗA PEДA ЗA PEГИCTPAЦИЯ, 
CЪOБЩABAHE И OTЧET HA ЗAPAЗHИTE БOЛECTИ [Ordinance of 21 July 
2005 relating to the registration, communication and reporting of infec‑
tious diseases]. 2019.

	46.	 Hrvatski Zavod Za Javno Zdravstvo [Croatia]. II. dio - Definicije za bolesti 
koje su određene Zakonom o zaštiti pučanstva od zaraznih bolesti, a nisu 
među bolestima koje je odredila Europska unija (I. dio definicija) [part II. 
Definitions for specified diseases under the Law on the Protection of the 
Population of infectious diseases, and that are not determined by the 
European Union (Part I definitions)]. Zagreb: 2020.

	47.	 Ministère de la santé, Gouvernement du Grand-Duché de Luxembourg. 
Déclaration des maladies infectieuses Lyme / Borréliose (érythèmes 
migrants et formes neurologiques aiguës) [ Declaration of Lyme / Bor‑
reliosis infectious diseases (erythema migrans and acute neurological 
forms)]. 2018.

	48.	 Zakład Epidemiologii chorób zakaźnych I nadzoru [Poland]. Definicje 
przypadków chorób zakaźnych na potrzeby nadzoru epidemiologicz‑
nego (67 definicji) [Definitions of infectious diseases for epidemiological 
surveillance (67 definitions)]. 2020.

	49.	 Regionálny Urad Verejného Zdravotníctva [Slovakia]. Analýza epidemio‑
logickej situácie a činnosti odborov epidemiológie v Slovenskej republike 
za rok 2019; 2019.

	50.	 Sočan. Definicije prijavljivih nalezljivih bolezni za namene 
epidemiološkega spremljanja [Definitions of infectious communicable 
diseases for epidemiological surveillance purposes]. Ljubljana, Slovenia: 
Nacionalni inštitut za javno zdravje; 2020.

	51.	 Vigfússon HB, Harðarson LS, Lúðvíksson BR, Guðlaugsson O. Lyme 
sjúkdómur á Íslandi – Faraldsfræði á árunum 2011–2015 [Lyme disease 
in Iceland - Epidemiology in the years 2011–2015]. Læknablaðið. 
2019;105:63–70. https://​doi.​org/​10.​17992/​lbl.​2019.​02.​215.

	52.	 Government of Canada. National case definition: Lyme disease 2018. 
https://​www.​canada.​ca/​en/​public-​health/​servi​ces/​disea​ses/​lyme-​disea​
se/​health-​profe​ssion​als-​lyme-​disea​se/​natio​nal-​case-​defin​ition.​html. 
Accessed 8 Nov 2020.

	53.	 Centers for Disease Control and Prevention [USA]. Lyme Disease (Borrelia 
burgdorferi): 2017 Case Definition. Natl Notif Dis Surveill Syst. 2017. 
https://​wwwn.​cdc.​gov/​nndss/​condi​tions/​lyme-​disea​se/​case-​defin​ition/​
2017/. Accessed 31 Oct 2020.

	54.	 Ministerio de sanidad, servicios sociales e igualdad [Spain]. Orden 
SSI/445/2015, de 9 de marzo, por la que se modifican los anexos I, II y III 
del Real Decreto 2210/1995, de 28 de diciembre, por el que se crea la Red 
Nacional de Vigilancia pidemiológica, relativos a la lista de enfermedades 
de declaración obligatoria, modalidades de declaración y enfermedades 
endémicas de ámbito regional. [Order SSI / 445/2015, of March 9, which 
modifies Annexes I, II and III of Royal Decree 2210/1995, of December 28, 
by which the Network is created National Epidemiological Surveillance, 
related to the list of diseases of mandatory declaration, declaration 
modalities and diseases endemics of regional scope.]. Bul Of Estado State 
Off Newsl. 2015;65:24012–5.

	55.	 Robert Kock Institute [Germany]. Falldefinitionen übertragbarer 
Krankheiten für den ÖGD. Epidemiologisches Bulletin. 2009;5.

	56.	 Rutz HJ, Wee S, Feldman KA. Characterizing Lyme disease surveillance in 
an Endemic State. Zoonoses Public Health. 2018;65:247–53. https://​doi.​
org/​10.​1111/​zph.​12275.

	57.	 Ertel S-H, Nelson RS, Cartter ML. Effect of surveillance method on 
reported characteristics of lyme disease, Connecticut, 1996–2007. Emerg 
Infect Dis. 2012;18:242–7. https://​doi.​org/​10.​3201/​eid18​02.​101219.

	58.	 Coiffier G, Tattevin P. Lyme disease: “End of the debate?” Joint Bone Spine. 
2021;88: 105181. https://​doi.​org/​10.​1016/j.​jbspin.​2021.​105181.

	59.	 Antonise-Kamp L, Beaujean DJMA, Crutzen R, van Steenbergen JE, 
Ruwaard D. Prevention of tick bites: an evaluation of a smartphone app. 
BMC Infect Dis. 2017;17. https://​doi.​org/​10.​1186/​s12879-​017-​2836-4.

	60.	 Hinds K, Sutcliffe K. Heterodox and orthodox discourses in the case of 
lyme disease: a synthesis of arguments. Qual Health Res. 2019;29:1661–
73. https://​doi.​org/​10.​1177/​10497​32319​846170.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

http://legilux.public.lu/eli/etat/leg/rgd/2019/02/15/a104/jo
http://legilux.public.lu/eli/etat/leg/rgd/2019/02/15/a104/jo
https://www.epi.sk/zz/2007-355
http://www.pisrs.si/Pis.web/pregledPredpisa?id=PRAV13203#
http://www.pisrs.si/Pis.web/pregledPredpisa?id=PRAV13203#
https://doi.org/10.1186/s12889-016-3346-9
https://doi.org/10.1186/s12889-016-3346-9
https://www.canada.ca/en/public-health/services/diseases/lyme-disease/surveillance-lyme-disease.html
https://www.canada.ca/en/public-health/services/diseases/lyme-disease/surveillance-lyme-disease.html
https://www.canada.ca/en/public-health/services/diseases/lyme-disease/surveillance-lyme-disease.html
https://doi.org/10.3390/healthcare6040125
https://doi.org/10.17992/lbl.2019.02.215
https://www.canada.ca/en/public-health/services/diseases/lyme-disease/health-professionals-lyme-disease/national-case-definition.html
https://www.canada.ca/en/public-health/services/diseases/lyme-disease/health-professionals-lyme-disease/national-case-definition.html
https://wwwn.cdc.gov/nndss/conditions/lyme-disease/case-definition/2017/
https://wwwn.cdc.gov/nndss/conditions/lyme-disease/case-definition/2017/
https://doi.org/10.1111/zph.12275
https://doi.org/10.1111/zph.12275
https://doi.org/10.3201/eid1802.101219
https://doi.org/10.1016/j.jbspin.2021.105181
https://doi.org/10.1186/s12879-017-2836-4
https://doi.org/10.1177/1049732319846170

	Comparison of national surveillance systems for Lyme disease in humans in Europe and North America: a policy review
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Results
	Traditional surveillance systems
	Administration level
	Key indicators
	Reporting entities
	Coverage and obligation
	Public participatory surveillance systems


	Discussion
	Perception of severity
	Burden on resources
	Two-way communication
	Medical conflicts about LD

	Conclusions
	Acknowledgements
	References


