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Abstract

Background: Lyme disease (LD) is the most commonly reported, broadly distributed vector-borne disease of the
northern temperate zone. It is transmitted by ticks and, if untreated, can cause skin, cardiac, nervous system and mus-
culoskeletal disease. The distribution and incidence of LD is increasing across much of North America and Western
Europe. Interventions to decrease exposure to LD hazard by encouraging behavioural change have low acceptance
in high risk groups, and a safe, effective human LD vaccine is not presently available. As a result, habitat level interven-
tions to decrease LD hazard itself (i.e. levels of infected ticks) have been proposed. However, some interventions may
potentially negatively affect ecosystem health, and consequentially be neither desirable, nor politically feasible. This
systematic review will catalogue interventions that aim to reduce LD hazard at non-domestic sites, and examine the
evidence supporting those which are unlikely to negatively affect ecosystem health.

Methods: The review will be carried out in two steps. First, a screening and cataloguing stage will be conducted to
identify and characterise interventions to decrease LD hazard at non-domestic sites. Secondly, the subset of inter-
ventions identified during cataloguing as unlikely to negatively affect ecosystem health will be investigated. In the
screening and cataloguing step literature will be collected through database searching using pre-chosen search
strings, hand-searching key journals and reviewing the websites of public health bodies. Further references will be
identified by contacting stakeholders and researchers. Article screening and assessment of the likely effects of inter-
ventions on ecosystem health will be carried out independently by two reviewers. A third reviewer will be consulted
if disagreements arise. The cataloguing step results will be presented in tables. Study quality will then be assessed
independently by two reviewers, using adapted versions of established tools developed in healthcare research. These
results will be presented in a narrative synthesis alongside tables. Though a full meta-analysis is not expected to be
possible, if sub-groups of studies are sufficiently similar to compare, a partial meta-analysis will be carried out.

Keywords: Borreliosis, Evidence synthesis, Control measures, One health, Vector-borne, Ticks, Ixodes, Medical

acarology, Integrated pest management, Zoonoses

Background
Transmitted by blood-feeding ticks, Lyme disease (LD) is
the most common vector-borne disease of the temperate
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northern hemisphere and is caused by a bacterial infec-
tion of Borrelia burgdorferi s.1. (Bb) [1]. Initial symptoms
of LD can be relatively mild, and the early prescription of
antibiotics is effective at reducing its severity [2]. How-
ever, if untreated, LD can progress to serious systemic
disease, involving skin, cardiac, nervous system, and
musculoskeletal damage [3]. Though physician records
resembling LD date back to the nineteenth century, it
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was not until the 1970s that LD per se was described and
Ixodes ticks identified as vectors [4].

Annual incidence is estimated at 106.6 per 100,000 per-
sons in the USA [5], with the great majority of cases aris-
ing in northeastern and northern midwestern states [4].
Similarly whilst incidence across Western Europe is esti-
mated at 56.03 per 100,000 people, it differs significantly
between countries, ranging from 0.001 per 100,000 (Italy)
to 464 per 100,000 (Sweden) [6]. In Europe, as in the USA
[7, 8], the geographic spread and reported number of clin-
ical cases is rising in many areas [9-11]. In some countries
the increase in reported cases may partly be explained
by growing awareness amongst clinicians and the public
about disease symptoms and transmission routes [12].
However, there is also strong evidence ecological and
social determinants are driving increased incidence. Eco-
logical factors that have been associated with rising LD
hazard include reafforestation, habitat fragmentation,
changes in vector distribution and abundance, and shifts
in the community composition and population dynam-
ics of predators and tick hosts [13]. Disease risk is fur-
ther shaped by social practices which can increase human
exposure to LD hazard, such as outdoor recreational pur-
suits, and the construction of housing within forest matri-
ces [13]. The relative contribution of many of these factors
to LD emergence remains contested, but is likely to differ
between and within countries [14], partly explaining the
geographical disparity in incidence rates and patterns of
disease risk across the northern temperate zone. Reported
cases are likely to be an underestimate of actual LD preva-
lence. For example, tests of Scottish blood donor supplies
found 4.2 % (60/1440) were seropositive for Bb whilst the
Scottish (laboratory confirmed) incidence rate is reported
at 9.82 cases per 100,000 persons [15]. This, alongside
similar screening of occupationally high risk groups [16,
17], suggests many people are bitten by Bb infected ticks,
but either do not develop LD or receive a diagnosis.

Vaccination and encouraging precautionary behav-
iour change have had only limited success with LD and in
some cases faced outright opposition. A human LD vac-
cine licensed in the USA in 1998 was withdrawn by its pro-
ducer 3 years later following sales drops amidst a health
scare catalysed by anti-vaccine groups [18]. New vaccines
in development could have greater commercial viability as
they are designed to target multiple Borrelia or tick vec-
tors, and thus work across larger geographic areas [19-21].
Nevertheless, they are still likely to face major barriers to
widespread adoption [22]. Recommended precaution-
ary behaviours designed to decrease the risk of being bit-
ten by infected ticks include wearing light coloured clothes
with long sleeves and trousers tucked into socks, the use
of insecticide on skin and clothing, sticking to paths and
avoiding walking through long grass [23, 24]. Despite
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considerable effort to popularise them, many of these
measures remain largely un-adopted. One recurring theme
in interviews with UK park visitors was resistance to view-
ing the countryside as a place that included risk, in part
because it clashed with framing of visits to such places as
restorative. This led some interviewees to oppose on-site
signage and leaflets, whilst the common advice to wear long
sleeves and trousers was rejected as it would reduce their
enjoyment of summer [25]. Even amongst those who had
previously suffered LD, during-visit precautionary meas-
ures remained unpopular [26]. Similar findings have been
reported from the Netherlands [27], the USA [28], Switzer-
land and Canada [29]. Even when adopted, most personal
preventative measures are not highly effective [30-32].
Whilst some innovations promise greater risk reduction,
especially those relating to acaracide treated clothes [33],
basic social barriers to engagement remain. For instance, in
recent work by Mowbray et al. [34] respondents stated they
would not follow advice to tuck trousers into socks. A com-
mon explanation for why: ‘Because I'd look stupid’

Following a case-controlled evaluation, Vazquez et al.
[32] concluded educational work to encourage personal
preventative measures should continue, but given its lim-
ited success so far and the unavailability of a vaccine, hab-
itat level interventions to decrease LD hazard should be
developed in areas of high tick-human contact. Unfortu-
nately, some suggested tactics may negatively affect eco-
system health. For example, acaracide spraying to control
LD may potentially impact non-target species [35], as
happened across multiple trophic levels with DDT [36],
which was sprayed by air over much of the Soviet Union
as a control strategy for Tick-borne encephalitis [31]. A
reduction of LD hazard may potentially be made possi-
ble by eradicating the animals and birds that act either as
reservoirs of the Bb pathogen, or as hosts supporting tick
vector populations through blood-meal provision (for
example deer [37]). Eradications may seem justified from
a narrow pathogen-focused perspective, but community
disassembly may have significant effects on ecosystem
function, especially where the disease system involves a
diverse range of species. As areas with high tick-human
contact are often managed for both recreation and biodi-
versity such actions may neither be desirable nor politi-
cally feasible [29, 38]. More broadly there is active debate
within Public Health about the ethics involved in wide-
spread culling of wildlife as a disease control strategy
[39]. With such issues in mind, and given the continuing
emergence of LD across the northern temperate zone, an
evidence synthesis of interventions which are unlikely to
negatively affect ecosystem health is much needed.

This systematic review will catalogue interventions to
decrease LD hazard at non-domestic sites, and evaluate the
evidence supporting those assessed as unlikely to negatively
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affect ecosystem health. Such interventions range from
those presumed to have a generally neutral effect on eco-
systems (acaracide application to wild or domesticated ani-
mals, [40, 41] and vaccines for reservoir hosts [42]), to ones
which may have win—-win outcomes for public health and
conservation (local deer exclusion or reduction [43], preda-
tor reintroduction [44—46], decreasing forest fragmentation
[47], removal of invasive trees as part of habitat restoration
[48] and woodland biodiversity management [49]).

Objective of the review
The systematic review’s objective is to catalogue inter-
ventions to decrease LD hazard at non-domestic sites,
and assess the evidence for effectiveness of a subset iden-
tified as unlikely to negatively affect ecosystem health. A
scoping search found no published or prospectively reg-
istered systematic reviews with the same topic. Domes-
tic measures (such as gravel barriers separating garden
lawns from woodland ecotones) may reduce hazard
where residential exposure is of high concern [50]. How-
ever, the focus of this review will be on interventions
which could be carried out at non-domestic sites, such
as Country Parks, where the greatest number of peo-
ple exposed to LD hazard are recreational visitors. Such
sites differ in size within and between countries, but for
illustration UK accredited Country Parks range from a
minimum of 10 hectares [51] to over 1000 [52]. In larger
Parks, such as National Parks, visitors often concentrate
at a small numbers of key locations [53, 54] within this
spatial range, where interventions to reduce LD hazard
could potentially be incorporated into existing site man-
agement plans [55]. The project’s target audience is: (a)
land managers such as local authorities and conservation
organisations; and (b) scientists and public health bodies
involved in research around LD and tick-borne diseases.
The screening and cataloguing step will identify inter-
ventions and asses their likely effects on ecosystem
health. The systematic review will then analyse the sub-
set of interventions identified as unlikely to negatively
affect ecosystem health to answer the review’s primary
research question: which interventions to decrease Lyme
disease hazard at non-domestic sites are unlikely to neg-
atively affect ecosystem health and what evidence exists
to support their effectiveness?

Components of the primary research question

Population

Non-domestic sites (i.e. lands not adjoining and belong-
ing to a house) with LD hazard (i.e. Bb infected ticks of
one or more species known to feed on human blood).
The geographical scope of the review will be global, but is
likely to reflect the predominantly northern hemispheric
distribution of Bb.

Page 3 of 8

Intervention

Any intervention to reduce site LD hazard, that is
assessed as unlikely to negatively affect ecosystem health
(as defined in the “Data synthesis and presentation”
section).

Comparator
No intervention or an alternative intervention.

Outcomes

Spatial and/or temporal distribution and abundance of
site LD hazard. It is expected studies will have quantified
this differently.

Methods

The systematic review will be carried out in two steps.
First, a screening and cataloguing step will identify
and characterise interventions to decrease LD haz-
ard at non-domestic sites. This will include identify-
ing subsets of interventions that, (i) would be unlikely
to negatively affect ecosystem health, or (ii) would
be likely to negatively affect ecosystem health. Sub-
sequently, the subset of interventions identified as
unlikely to negatively affect ecosystem health will be
investigated, and their effectiveness at reducing LD
hazard determined.

Prospective registration of review

As the review topic bridges public health and environ-
mental management, it is registered with both the Col-
laboration for Environmental Evidence and PROSPERO,
the international database of prospectively registered
systematic reviews in health and social care (Unique ID
CRD42016046629) [56].

Searches

The flowchart in Fig. 1 illustrates the systematic review
pathway. Articles will be collected primarily through
database searching with other literature suggested by
stakeholders and researchers in the field.

Search terms and languages

Table 1 shows search terms and search strings to be used.
Searches will be conducted in English, which is a limita-
tion of the systematic review.

Search strings and/or combinations of searches
Listed in Table 1.

Estimating the comprehensiveness of the search

A list of relevant papers (see Additional file 1)
was used to develop search strings and test search
comprehensiveness.
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Screening of titles/abstracts
for interventions to decrease
non-domestic LD hazard (n =)

Screening of full articles (n =)

Assessment of full articles
to identify intervention sub-sets
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Likely to negatively affect
ecosystem health (n = )**

Table: Which proposed
interventions to decrease
Lyme disease hazard at non-
domestic sites are likely to
negatively affect ecosystem

health?

Studies quality assessed (n = )***

Studies included in narrative
synthesis and primary research
question table (n = )

Other: existing author
library (n= )
from contacted
researchers (n= )
from included articles

(n=)

Excluded (n = )*

Excluded (n = )*

No interventions to
decrease non-domestic
LD hazard (n= )
Study duplication (n =)

Unlikely to negatively affect
ecosystem health (n = )**

Table: Which proposed
interventions to decrease
Lyme disease hazard at non-
domestic sites are unlikely to
negatively affect ecosystem
health?

Excluded due to quality
(n = )* Reasons =

No overall meta-analysis expected to be possible. If sub-groups of studies are sufficiently
similar to compare a partial meta-analysis of the data will be carried out.

Fig. 1 LD intervention systematic review flow diagram. Outputs in grey boxes. Appendix to the report will include *spreadsheets with all excluded
references, **assessment forms for each intervention, and ***quality assessment forms for each included study. Flow diagram adapted from PRISMA
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Table 1 Search terms and search strings

Databases Search terms and strings

PubMed “Lyme disease/prevention and control” [Mesh]
OR “Borrelia infections/prevention and control”

[Mesh]

Web of science (Intervention®* OR control* OR"one health” OR

Embase decreas* OR reduc* OR limit* OR prevent* OR
Global health affect* OR effect* OR lower* OR alter* OR elimi-
Scopus nat*) AND (Lyme disease OR Lyme borreliosis OR

tick-borne) AND (Borrelia OR Ixodes OR tick* OR
vector®* OR hazard* OR risk¥)

Cochrane library

Publication databases to be searched

Articles indexed in MEDLINE will be searched via Pub-
Med using US National Library of Medicine controlled
Medical Subject Headings (MeSH) selected using the
PubMed Search Builder. Table 1 shows databases to be
used. Literature will be limited to that published from
1983 onwards, the year in which Bb was identified as the
causative agent of LD [4].

The contents of the following key journals will be exam-
ined at title level for any articles related to LD: Ecohealth,
Medical and Veterinary Entomology, Parasites and Vec-
tors, Tick and Tick-borne Diseases, Experimental and
Applied Acarology, Trends in Parasitology. For practical
reasons, hand searching will be restricted to journal vol-
umes between 1/1/2010 and the time of search. Collected
references will be subject to exclusions as per Fig. 1.

Internet searches to be conducted
None.

Specialist searches—searches for grey literature

Websites of the following organisations will be reviewed
for public health advice, grey literature and details of
unpublished or ongoing studies: Public Health England
(UK), Health Protection Surveillance Centre (Ireland),
European Centre for Disease Prevention and Control
(EU), Centers for Disease Control and Prevention (USA),
Public Health Agency (Canada), World Health Organi-
sation (global). Where appropriate, these bodies will be
contacted for further information.

Supplementary searches such as Bibliographical searches
and literature provided directly by stakeholders

The reference lists of included articles will be scanned
for relevant citations. Once searching and exclusions are
completed, a list of included articles will be sent to estab-
lished researchers in the field along with this protocol
and a request for additional recommendations, includ-
ing grey literature and unpublished studies. This protocol
will be promoted on the University of Brighton website
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and advertised via social media (Twitter and Research
Gate) to engage wider stakeholders and the research
community. Those submitting suggestions will be offered
listing in acknowledgements. References from a pre-
existing library of the authors along with suggestions by
others will be screened for duplication and eligibility as
outlined below and illustrated in Fig. 1.

Article screening and study inclusion criteria

Screening

Screening will be carried out independently by two
reviewers with spreadsheets for each set of inclusions
and exclusions available as supplementary files. Identi-
fied references will be screened for eligibility first using
titles, then abstracts and finally by full texts. In line with
Collaboration for Environmental Evidence guidance [57],
at the beginning of the title, abstract and full text screen-
ing stages a Kappa analysis using a random sample of 200
articles will be carried out to assess consistency between
the reviewers in applying the inclusion and exclusion
criteria. Selection criteria will be further developed and
retested if the obtained Kappa rating is not 0.6 or more.
Where there is a disagreement between reviewers on
inclusion at full text stage a third independent reviewer
will be consulted.

Inclusion criteria

Literature will be accepted for inclusion when the pop-
ulation involved is a non-domestic site with LD hazard,
an intervention is proposed to reduce LD hazard (inter-
vention categories listed below, in the “Relevant inter-
ventions” subsection) and the outcome measured is LD
hazard (preferred outcome metric detailed in the “Rel-
evant outcomes” subsection). Non-English language arti-
cles with English language abstracts that pass abstract
level screening, will be translated and assessed for inclu-
sion at full article stage when abstracts state the article
is a report of an intervention study to reduce LD hazard.
When not they will be listed in the appendix. The scoping
search indicated some proposals are not backed by stud-
ies with reliable comparator data. This will be indicated
following study quality assessment in the evidence syn-
thesis step but presence of a valid comparator will not be
a requirement for inclusion in the review. Similarly type
of study design will not determine inclusion but will be
considered during quality assessment.

Relevant subject(s) Any non-domestic sites with LD haz-
ard worldwide.

Relevant intervention(s) Interventions proposed to
reduce LD hazard, including those altering Bb and tick vec-
tor host community composition, vector populations, Bb
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prevalence within vectors, site landscaping, plant commu-
nity composition, and habitat structure and connectivity.

Relevant comparator(s) No intervention or an alterna-
tive intervention.

Relevant outcomes  Site LD hazard. It is expected articles
will quantify this differently, though density of infected
nymphs (DIN) is most appropriate [58].

Relevant types of study design ~ Any exclusions will be car-
ried out stepwise as per Fig. 1, a filled-in copy of which will
be included in the report. References that do not include
interventions to decrease non-domestic LD hazard will be
excluded at title, abstract and full text stages. All articles
excluded at full text at any stage in the review will be listed
in appendix with reasons given for their exclusion.

Study quality assessment

Study quality will be assessed using the Environmen-
tal-Risk of Bias Tool and the Environmental-GRADE
Tool, adapted versions of established tools developed in
healthcare research [59]. The Environmental-Risk of Bias
Tool will be used to assess the risks of bias associated
with each study, for example selection bias due to inad-
equate randomisation, and reporting bias due to selective
reporting. The Environmental-GRADE Tool will be used
to assess the quality of the underlying methodologies,
ranging from randomised controlled trials (high quality),
to case studies (low quality). Assessments will be carried
out separately by two reviewers who will discuss grading
differences with the intention of reaching consensus. In
addition, the precision of effect estimates will be evalu-
ated in consultation with statistical expertise. The results
will be included in a table in the report.

Data extraction strategy

Data extraction will be carried out by one reviewer and
forms will be used to capture the following study data
when available: full reference, type of study, location,
period, habitat, vector species, pathogen species, inter-
vention, other reasons for heterogeneity (see below),
methodology, sources of bias, LD hazard outcomes with
mean, standard deviation and p-values, author stated key
findings and recommendations for future work. A second
reviewer will check the data extracted. The two review-
ers will discuss any disagreements with the intention of
reaching consensus. If consensus is not achieved a deci-
sion on the data to be included will be taken by a third
reviewer. Where data is missing, attempts will be made
to contact the authors, when practicable. All completed
data extraction forms will be included in an appendix to
the report.
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Potential effect modifiers and reasons for heterogeneity
The following list is not exhaustive, but includes potential
effect modifiers and reasons for heterogeneity which will
be recorded where available.

+ Outcome measure

+ time between intervention and outcome measure
+ sampling method

+ habitat type

+ vector and pathogen species

+ vector and pathogen host community composition
« intervention type

« climate

Data synthesis and presentation

Identification of intervention sub-sets

Two reviewers will independently asses the included full
articles to determine whether mentioned interventions
would be likely or unlikely to negatively affect ecosystem
health. Where there is a disagreement between review-
ers a third independent reviewer will be consulted. The
meaning of the concept of ecosystem health has long
been contested [60]. For this review, the following sum-
mary outline will be used: ‘healthy ecosystems retain vig-
our (productivity), resilience (capacity to recover from
disturbance, indeed self-renewal), and their organization
(e.g., biodiversity and symbiotic relations between spe-
cies)’ [61]. By this definition anthropogenic change has
degraded many or most ecosystems in which humans are
at risk of contracting LD. Never the less, it is anticipated
that some interventions may further negatively affect
ecosystem health. Forms will be developed for this step
with pre-chosen evaluation criteria to judge the likely
effect of interventions on: (i) vigour (measured as activity,
metabolism or primary productivity), (ii) ecosystem resil-
ience (measured in terms of a system’s capacity to main-
tain structure and function in the presence of stress), and
(iii) organisation (assessed as diversity and number of
interactions between system components). See Rapport
et al. [62] for further elaboration and examples of ecosys-
tem health assessments. All forms will be available as an
appendix to the report.

The cataloguing section of the report will include two
tables. One will list those interventions assessed as likely
to negatively affect ecosystem health. It will include a
brief description of each intervention, a list of citations
where it was proposed or trialled (full details in Addi-
tional file 1), and a justification of the assessment. A sec-
ond table will list those interventions assessed as unlikely
to negatively affect ecosystem health, and will likewise
include a brief description, a justification of assessment,
and a list of citations. In both tables justifications will ref-
erence evidence regarding the effect of interventions on
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ecosystem health, where such evidence exists. Where it
does not, justifications of assessments of likelihood will
cite examples of the effects of similar interventions.

Systematic review

The systematic review will investigate the subset of
interventions that would be unlikely to negatively affect
ecosystem health, and determine their effectiveness at
reducing LD hazard. As illustrated in Fig. 1, eligible lit-
erature will be assessed for study quality. The results will
be presented in narrative, alongside tables. Given the
considerable heterogeneities across studies indicated by
the scoping search a full meta-analysis is not expected to
be possible. However, if sub-groups of studies are suffi-
ciently similar to enable comparison a partial meta-anal-
ysis of the data will be carried out. A table will show the
data on supporting evidence for each of the interventions
that were assessed as unlikely to negatively affect eco-
system health. It will include for each study involved the
habitat, study type, outcome statistics and study quality
grading. This table and the associated narrative synthesis
will answer the primary research question: which inter-
ventions to decrease Lyme disease hazard at non-domes-
tic sites are unlikely to negatively affect ecosystem health
and what evidence exists to support their effectiveness?

Additional file

Additional file 1. Reference list used to develop search strings and test
search comprehensiveness.

Abbreviations
Bb: Borrelia burgdorferi sensu lato; DIN: density of infected nymphs; LD: Lyme
disease; MeSH: medical subject headings.

Authors’ contributions
JM, IC and ASR designed the protocol and contributed to the manuscript. All
authors read and approved the final manuscript.

Author details

! Pharmacy and Biomolecular Sciences, University of Brighton, Moulsecoomb,
Brighton BN2 4GJ, UK. 2 Department of Primary Care and Public Health
Medicine, Brighton and Sussex Medical School, Room 323, Mayfield House,
Falmer BN1 9PH, UK.

Acknowledgements

We thank Gavin Colthart, Stefania Lanza, Alex Pollard, and Anupama Roy from
Brighton and Sussex Medical School for their comments on drafts of this
protocol.

Competing interests

The authors declare that they have no competing interests. Reviewers
involved in this review that are also authors of relevant articles will not be
included in the decisions connected to inclusion and critical appraisal of these
articles.

Funding

This systematic review protocol is part of a project funded by the British Deer
Society (Grant No. RES2015JM) and the NINEVEH Charitable Trust. Neither
funding body were involved in the design or writing of the protocol.

Page 7 of 8

Received: 4 March 2016 Accepted: 23 September 2016
Published online: 11 October 2016

References

1. Lindgren E, Jaenson TGT. Lyme borreliosis in Europe: influences of climate
and climate change, epidemiology, ecology and adaptation measures.
Geneva: World Health Organization; 2006. http://www.euro.who.int/__
data/assets/pdf_file/0006/96819/E89522.pdf. Accessed 18 Feb 2016.

2. O'Connell S. Lyme borreliosis. Medicine. 2014;42:14-7.

3. Traub SJ, Cummins GA. Tick-borne diseases. In: Auerbach PS, editor. Wil-
derness medicine, vol. 5. Philadelphia: Mosby Elsevier; 2007. p. 982-1008.

4. Sood SK, O'Connell S, Weber K. The emergence and epidemiology of
lyme borreliosis in Europe and North America. In: Sood SK, editor. Lyme
borreliosis in Europe and North America: epidemiology and clinical
practice. Hoboken: Wiley; 2011. p. 1-36.

5. Nelson CA, Saha S, Kugeler KJ, Delorey MJ, Shankar MB, Hinckley AF,
Mead PS. Incidence of clinician-diagnosed lyme disease, United States,
2005-2010. Emerg Infect Dis. 2015;21:1625.

6. Sykes RA, Makiello P. An estimate of Lyme borreliosis incidence in West-
ern Europe. J Public Health. 2016;. doi:10.1093/pubmed/fdw017.

7. CDC. Reported cases of lyme disease by year, United States, 2002-2011.
Centers for Disease Control and Prevention. 2013. http://www.cdc.gov/
lyme/stats/chartstables/casesbyyearhtml. Accessed 27 Sep 2013.

8. Kugeler KJ, Farley GM, Forrester JD, Mead PS. Geographic distribution
and expansion of human Lyme disease, United States. Emerg Infect Dis.
2015;21:1455-7.

9. Hofhuis A, Harms M, van den Wijngaard C, Sprong H, van Pelt W. Continu-
ing increase of tick bites and Lyme disease between 1994 and 2009. Ticks
Tick Borne Dis. 2015;6:69-74.

10. Dryden MS, Saeed K, Ogbourn S, Swales P. Lyme borreliosis in southern
United Kingdom and a case for a new syndrome, chronic arthropod-
borne neuropathy. Epidemiol Infect. 2015;143:561-72.

11. Trajer A, Bobvos J, Paldy A, Krisztalovics K. Association between
incidence of Lyme disease and spring-early summer season tem-
perature changes in Hungary-1998-2010. Ann Agric Environ Med.
2013;20:245-51.

12. British Society of Immunology. Briefing for House of Lords short debate
on Lyme Disease. British Society of Immunology; 2015. https://www.
immunology.org/resources-careers-—-education/policy-and-public-
affairs/--bsi-resources-bsi-policy-and-public-affairs--position-statement-
on-animal-research?. Accessed 29 Jan 2016.

13. Kilpatrick AM, Randolph SE. Zoonoses 2 drivers, dynamics, and
control of emerging vector-borne zoonotic diseases. Lancet.
2012;380:1946-55.

14. Mysterud A, Easterday WR, Stigum VM, Aas AB, Meisingset EL, Viljugrein
H. Contrasting emergence of Lyme disease across ecosystems. Nat Com-
mun. 2016;7:11882. doi:10.1038/ncomms11882.

15. Munro H, Marvin S, Duffy K, Evans R, Jarvis LM. Seroprevalence of lyme
borreliosis in Scottish blood donors. Transfus Med. 2015;25:284-6.

16. Richard S, Oppliger A. Zoonotic occupational diseases in forestry work-
ers—Lyme borreliosis, tularemia and leptospirosis in Europe. Ann Agric
Environ Med. 2015;22:43-50.

17. Thorin C, Rigaud E, Capek |, Andre-Fontaine G, Oster B, Gastinger G,
Abadia G. Seroprevalence of Lyme borreliosis and tick-borne encephalitis
in workers at risk, in eastern France. Med Mal Infect. 2008;38:533-42.

18. Poland GA.Vaccines against Lyme disease: what happened and what
lessons can we learn? Clin Infect Dis. 2011;52:5253-8.

19. Comstedt P, Hanner M, Schiller W, Meinke A, Schlegl R, Lundberg U. Char-
acterization and optimization of a novel vaccine for protection against
Lyme borreliosis. Vaccine. 2015;33:5982-8.

20. Wressnigg N, Barrett PN, Pollabauer E-M, O'Rourke M, Portsmouth D,
Schwendinger MG, Crowe BA, et al. A novel multivalent OspA vaccine
against Lyme borreliosis is safe and immunogenic in an adult popula-
tion previously infected with Borrelia burgdorferi sensu lato. Clin Vaccine
Immunol. 2014;21:1490-9.

21. Sprong H, Trentelman J, Seemann |, Grubhoffer L, Rego ROM, Hajdusek
O, Kopacek P, et al. ANTIDotE: anti-tick vaccines to prevent tick-borne
diseases in Europe. Parasite Vector. 2014;7:77.


http://dx.doi.org/10.1186/s13750-016-0074-7
http://www.euro.who.int/__data/assets/pdf_file/0006/96819/E89522.pdf
http://www.euro.who.int/__data/assets/pdf_file/0006/96819/E89522.pdf
http://dx.doi.org/10.1093/pubmed/fdw017
http://www.cdc.gov/lyme/stats/chartstables/casesbyyear.html
http://www.cdc.gov/lyme/stats/chartstables/casesbyyear.html
https://www.immunology.org/resources-careers--education/policy-and-public-affairs/--bsi-resources-bsi-policy-and-public-affairs--position-statement-on-animal-research?
https://www.immunology.org/resources-careers--education/policy-and-public-affairs/--bsi-resources-bsi-policy-and-public-affairs--position-statement-on-animal-research?
https://www.immunology.org/resources-careers--education/policy-and-public-affairs/--bsi-resources-bsi-policy-and-public-affairs--position-statement-on-animal-research?
https://www.immunology.org/resources-careers--education/policy-and-public-affairs/--bsi-resources-bsi-policy-and-public-affairs--position-statement-on-animal-research?
http://dx.doi.org/10.1038/ncomms11882

Middleton et al. Environ Evid (2016) 5:23

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

Lantos PM. Lyme disease vaccination: are we ready to try again? Lancet
Infect Dis. 2013;13:643-4.

NHS. Lyme disease. NHS choices. 2015. https://web.archive.org/
web/20160104103537, http://www.nhs.uk/Conditions/Lyme-disease/
Pages/Introduction.aspx. Accessed 4 Jan 2016.

Ogden NH, Lindsay LR, Schofield SW. Methods to prevent tick bites and
Lyme disease. Clin Lab Med. 2015;35:883-99.

Marcu A, Uzzell D, Barnett J. Making sense of unfamiliar risks in the coun-
tryside: the case of Lyme disease. Health Place. 2011;17:843-50.

Marcu A, Barnett J, Uzzell D, Vasileiou K, O'Connell S. Experience of Lyme
disease and preferences for precautions: a cross-sectional survey of UK
patients. BMC Public Health. 2013;13:481.

Beaujean DJMA, Bults M, van Steenbergen JE, Voeten HACM. Study on
public perceptions and protective behaviors regarding Lyme disease
among the general public in the Netherlands: implications for prevention
programs. BMC Public Health. 2013;13:225.

Bayles BR, Evans G, Allan BF. Knowledge and prevention of tick-borne
diseases vary across an urban-to-rural human land-use gradient. Ticks
Tick Borne Dis. 2013;4:352-8.

Aenishaenslin C, Michel P, Ravel A, Gern L, Milord F, Waaub J-P, Bélanger
D. Factors associated with preventive behaviors regarding Lyme disease
in Canada and Switzerland: a comparative study. BMC Public Health.
2015;15:185.

Mead P, Hinckley A, Hook S, Beard CB. TickNET—a collaborative public
health approach to tickborne disease surveillance and research. Emerg
Infect Dis. 2015;21:1574.

Piesman J, Eisen L. Prevention of tick-borne diseases. Annu Rev Entomol.
2008;53:323-43.

Védzquez M, Muehlenbein C, Cartter M, Hayes EB, Ertel S, Shapiro ED. Effec-
tiveness of personal protective measures to prevent Lyme disease. Emerg
Infect Dis. 2008;14:210-6.

Faulde MK, Rutenfranz M, Keth A, Hepke J, Rogge M, Gorner A. Pilot study
assessing the effectiveness of factory-treated, long-lasting permethrin-
impregnated clothing for the prevention of tick bites during occupa-
tional tick exposure in highly infested military training areas, Germany.
Parasitol Res. 2015;114:671-8.

Mowbray F, Amlot R, Rubin GJ. Predictors of protective behaviour

against ticks in the UK: a mixed methods study. Ticks Tick Borne Dis.
2014;5:392-400.

Wilson ML, Deblinger RD. Vector management to reduce the risk of Lyme
disease. In: Ginsberg HS, editor. Ecology and environmental management
of Lyme disease. New Brunswick: Rutgers; 1993. p. 126-56.

Freedman B. Pesticides. In: Environmental Ecology: the impacts of pol-
lution and other stresses on ecosystem structure and function. London:
Academic Press Limited; 1989. p. 180-225.

Wilson ML, Telford SR, Piesman J, Spielman A. Reduced abundance of
immature Ixodes dammini (Acari: Ixodidae) following elimination of deer. J
Med Entomol. 1998;25:224-8.

Ginsberg HG. Natural population regulation and management of Ixodes
dammini. Ecology and environmental management of Lyme disease.
New Brunswick: Rutgers; 1993. p. 183-5.

Lederman Z. One health and culling as a public health measure. Public
Health Ethics. 2016;9:5-23.

Porter R, Norman R, Gilbert L. Controlling tick-borne diseases through
domestic animal management: a theoretical approach. Theor Ecol.
2011;4:321-39.

Sheaves BJ. A zoonosis as a health hazard in UK Moorland rec-

reational areas: a case study of Lyme disease. J Environ Plan Manag.
1995;38:201-14.

Telford SR, Cunningham JA, Waltari E, Hu L. Nest box-deployed bait

for delivering oral vaccines to white-footed mice. Ticks Tick Borne Dis.
2011;2:151-5.

Gilbert L, Maffey GL, Ramsay SL, Hester AJ. The effect of deer man-
agement on the abundance of Ixodes ricinus in Scotland. Ecol Appl.
2012,22:658-67.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

Page 8 of 8

LeviT, Kilpatrick AM, Mangel M, Wilmers CC. Deer, predators, and the
emergence of Lyme disease. Proc Natl Acad Sci USA. 2012;109:10942-7.
Nilsen EB, Milner-Gulland EJ, Schofield L, Mysterud A, Stenseth NC,
Coulson T. Wolf reintroduction to Scotland: public attitudes and
consequences for red deer management. Proc R Soc Lond B Biol Sci.
2007;274:995-1003.

Ostfeld RS, Holt RD. Are predators good for your health? Evaluating evi-
dence for top-down regulation of zoonotic disease reservoirs. Front Ecol
Environ. 2004;2:13-20.

Allan BF, Keesing F, Ostfeld RS. Effect of forest fragmentation on Lyme
disease risk. Conserv Biol. 2003;17:267-72.

Morlando S, Schmidt SJ, LoGiudice K. Reduction in Lyme disease risk as
an economic benefit of habitat restoration. Restor Ecol. 2012;20:498-504.
Medlock JM, Shuttleworth H, Copley V, Hansford KM, Leach S. Woodland
biodiversity management as a tool for reducing human exposure to
Ixodes ricinus ticks: a preliminary study in an English woodland. J Vector
Ecol. 2012;37:307-15.

Stafford KC. Tick management handbook: a integrated guide for
homeowners, pest control operators, and public health officials for the
prevention of tick-associated disease. Centers for Disease Control and
Prevention. 2004. http://stacks.cdc.gov/view/cdc/11444. Accessed 25 Feb
2016.

. Natural England and DEFRA. Get accreditation for a country park you

manage. GOV.UK. 2014. https://web.archive.org/web/20160630012456,
https.//www.gov.uk/guidance/get-accreditation-for-your-country-park.
Accessed and archived 30 June 2016.

Staffordshire County Council. Cannock chase country park. Staffordshire
County Council. 2016. https://www.staffordshire.gov.uk/environment/
eland/Countryside/OpenSpaces/Chase-Park/OpenSpacesCannock-
ChaseCountryPark.aspx. Accessed 30 June 2016.

Caffyn A, Prosser B. A review of policies for ‘quiet areas’in the National
Parks of England and Wales. Leis Stud. 1998;17:269-91.

Beunen R, Regnerus HD, Jaarsma CF. Gateways as a means of visi-

tor management in national parks and protected areas. Tour Manag.
2008;29:138-45.

Dobson ADM, Taylor JL, Randolph SE. Tick (Ixodes ricinus) abundance and
seasonality at recreational sites in the UK: hazards in relation to fine-scale
habitat types revealed by complementary sampling methods. Ticks Tick
Borne Dis. 2011;2:67-74.

Middleton J, Cooper |, Colthart G, Fordham G, Rott AS. Can interventions
that aim to decrease Lyme disease hazard at non-domestic sites be effec-
tive without negatively affecting ecosystem health? A systematic review.
PROSPEROQ. 2016. http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42016046629. Accessed 30 Aug 2016.

CEE. Guidelines for systematic review and evidence synthesis in environ-
mental management. Collaboration for environmental evidence. 2013.
http://www.environmentalevidence.org/wp-content/uploads/2014/06/
Review-guidelines-version-4.2-final.pdf. Accessed 28 Jan 2016.

Ostfeld RS, Keesing F. Biodiversity series: the function of biodiversity in the
ecology of vector-borne zoonotic diseases. Can J Zool. 2000,78:2061-78.
Bilotta GS, Milner AM, Boyd IL. Quality assessment tools for evidence from
environmental science. Environ Evid. 2014;3:14.

Lackey RT. Values, policy, and ecosystem health. Bioscience.
2001;51:437-43.

. Wilcox BA, Aguirre AA, Horwitz P. Ecohealth: connecting ecology, health,

and sustainability. In: Aguirre AA, Ostfeld RS, Daszak P, editors. New direc-
tions in conservation medicine: applied cases of ecological health. New
York: Oxford University Press; 2012. p. 17-32.

Rapport DJ, Costanza R, McMichael AJ. Assessing ecosystem health.
Trends Ecol Evol. 1998;13:397.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. BMJ. 2009;.
doi:10.1136/bmj.b2535.


https://web.archive.org/web/20160104103537
https://web.archive.org/web/20160104103537
http://www.nhs.uk/Conditions/Lyme-disease/Pages/Introduction.aspx
http://www.nhs.uk/Conditions/Lyme-disease/Pages/Introduction.aspx
http://stacks.cdc.gov/view/cdc/11444
https://web.archive.org/web/20160630012456
https://www.gov.uk/guidance/get-accreditation-for-your-country-park
https://www.staffordshire.gov.uk/environment/eLand/Countryside/OpenSpaces/Chase-Park/OpenSpacesCannockChaseCountryPark.aspx
https://www.staffordshire.gov.uk/environment/eLand/Countryside/OpenSpaces/Chase-Park/OpenSpacesCannockChaseCountryPark.aspx
https://www.staffordshire.gov.uk/environment/eLand/Countryside/OpenSpaces/Chase-Park/OpenSpacesCannockChaseCountryPark.aspx
http://www.crd.york.ac.uk/PROSPERO/display_record.asp%3fID%3dCRD42016046629
http://www.crd.york.ac.uk/PROSPERO/display_record.asp%3fID%3dCRD42016046629
http://www.environmentalevidence.org/wp-content/uploads/2014/06/Review-guidelines-version-4.2-final.pdf
http://www.environmentalevidence.org/wp-content/uploads/2014/06/Review-guidelines-version-4.2-final.pdf
http://dx.doi.org/10.1136/bmj.b2535

	Can interventions that aim to decrease Lyme disease hazard at non-domestic sites be effective without negatively affecting ecosystem health? A systematic review protocol
	Abstract 
	Background: 
	Methods: 

	Background
	Objective of the review
	Components of the primary research question
	Population
	Intervention
	Comparator
	Outcomes


	Methods
	Prospective registration of review
	Searches
	Search terms and languages
	Search strings andor combinations of searches
	Estimating the comprehensiveness of the search
	Publication databases to be searched
	Internet searches to be conducted
	Specialist searches—searches for grey literature
	Supplementary searches such as Bibliographical searches and literature provided directly by stakeholders

	Article screening and study inclusion criteria
	Screening
	Inclusion criteria
	Relevant subject(s) 
	Relevant intervention(s) 
	Relevant comparator(s) 
	Relevant outcomes 
	Relevant types of study design 


	Study quality assessment
	Data extraction strategy
	Potential effect modifiers and reasons for heterogeneity
	Data synthesis and presentation
	Identification of intervention sub-sets
	Systematic review


	Authors’ contributions
	References




