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Lyme Disease: ecology,
epidemiology and prevention

We present an overview of the ecology, epidemiology and
clinical features of Lyme disease. Where relevant we include
information specific to Scotland and/or the UK. Our overall
objective is to promote awareness of Lyme disease and
strategies for minimising the risk of infection.
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Summary
Lyme disease is caused by the bite of a tick that is infected
with spirochete bacteria of the genus Borrelia. It has emerged
over the past three decades as the most important vector-borne
infection in Europe and North America, and is associated with
woodland habitats and green space. Those working in and
visiting tick areas are most at risk of acquiring the infection.
This paper presents an overview of the ecology, epidemiology,
clinical presentation and control of Lyme disease. Emphasis is
placed on public health aspects of the infection, including
raising awareness of the disease, reducing the risk of being
bitten and safe removal of ticks.

Introduction

In North America, Lyme disease is most prevalent in New
England, the Midwest and in northern California/Oregon.
These areas account for 15,000 to 20,000 reported cases each
year (Steere et al. 2004). In Northern Europe, it is endemic to
most countries. Highest rates of infection are in Germany,
Austria, Slovenia and Sweden. The total number of reported
cases exceeds 85,000 each year (Lindgren and Jaenson 2006).
Across Asia, regional foci for Lyme disease are located in
parts of Russia, China and Japan. Despite its emerging
importance, data remains unavailable in some jurisdictions
and there is thought to be widespread under-reporting of the
disease (Davidson et al 2003, Stanek and Strle 2003, WHO
2005, HPA 2008).
The incidence of Lyme disease in Britain has increased
over the past decade (Defra 2008). In England and Wales, the
number of laboratory reported cases rose from 268 in 2001 to
813 in 2008 (HPA 2009). This corresponds with a rise in mean
annual infection rates over the same period from 0.50/100,000
to 1.52/100,000 in the general population. Approximately fifty
per cent of cases were located in the southern counties of
England, especially the South East and South West health
regions (HPA 2009). These include well known regional foci
around the New Forest, Salisbury Plain, Exmoor, the South
Downs, parts of Wiltshire and Berkshire, and Thetford Forest.
Other areas to the north include the North Yorks Moors and
the Lake District (Defra 2008). In Scotland, a similar rise in
the number of laboratory reported cases has been recorded
over the past decade, with 285 laboratory confirmed cases in
2008 (Figure 1) (HPS 2009b). Currently, the annual incidence
of Lyme disease in Scotland is 2.08/100,000 but is very much
higher in the Scottish Highlands with a rate of 28.0/100,000
(HPS 2009a). Part of the recent rise in number of reported
cases may be attributed to heightened public awareness (HPS
2009a). Up to twenty percent of cases each year are acquired
abroad, especially among those travelling to and from central
and eastern Europe, and southern Scandinavia (HPA 2009).

Lyme disease is the most important vector-borne infection in
Europe and North America (Steere 2001). It is caused by
spirochete bacteria of the genus Borrelia which are transferred
from infected wildlife species to humans through the bite of a
tick. Incidence of Lyme disease has risen dramatically during
the past three decades, with more than 100,000 cases now
being reported world-wide each year (Steere et al. 2004,
Lindgren and Jaenson 2006). The disease is associated with
north-temperate forests, wooded areas and green spaces where
people might come into contact with infected ticks (Steere
2001, Tonks 2007, Ogden et al. 2008). Several focal regions
for infection have been identified across the northern
hemisphere, but there are many more areas, including the
United Kingdom, where Lyme disease is becoming
increasingly prevalent (HPA 2008, HPS 2009a).
From a clinical perspective, Lyme disease is a potentially
complex illness (Steere 2001, Davidson et al 2003). If treated
early with antibiotics there are usually few complications and
most patients make a complete recovery. However, where
diagnosis and treatment are delayed, the infection can
progress to more serious or life-threatening conditions
involving the skin, nervous system, heart and joints (Steere
2001). Lyme disease is a Notifiable Disease in a growing
number of jurisdictions and an increasingly high-profile Figure 1 The number of laboratory confirmed reports for Lyme disease in
public health issue (Feder et al. 2007, Tonks 2007, Ogden et Scotland between 1999 and 2008 (HPS 2009b).
al. 2008).
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Ecology of Lyme disease
The rapid spread of Lyme disease in recent decades can be
viewed in the context of the epidemiological triangle (Figure
2) (Ahrens and Pigeot 2007). This model helps clarify
ecological relationships between the causative agent, host
species and environmental factors, and the vector for disease
transmission:
1. Borrelia – the causative agent. Lyme disease, also called
Lyme Borreliosis (LB), was first characterised following a
cluster of infections at Old Lyme, Connecticut, in 1975
(Steere et al. 1977). Subsequent research identified the
causative agent to be a spirochete bacteria of the Borrelia
burgdorferi complex (Burgdorfer et al. 1982, Steere et al.
1983), with three species being responsible for most
infections (Table 1). These are highly adaptable corkscrewshaped bacteria, able to shuttle between ticks and a wide
variety of vertebrate species, despite significant differences in
host immune systems and body temperature (Stanek and Strle
2003). Based on studies of host immunity, it is thought that
Borrelia have been endemic to north-temperate forest
ecosystems for thousands of years, though infection in human
populations has been sporadic up to the late 20th century
(Steere et al. 2004).

2. Ticks – vector of infection. Ticks are small, parasitic
arthropods, closely related to spiders and mites. Those
responsible for Lyme disease are from the Ixodes ricinus
complex, commonly known as hard-bodied, deer or woodland
ticks (Table 1). Ixodes ticks have three stages in their lifecycle: larval, nymph and adult (Figures 3 and 4). They require
a blood-meal at each stage and move as they mature from
small mammals, such as mice, to larger mammals, such as
deer (Randolph 2004, Dennis and Hayes 2002, Gern and
Pierre-Francois 2002). Most ticks complete their lifecycle
over two to three years, depending on the local climate and
feeding conditions (Gern and Pierre-Francois 2002). Their
favoured habitat is ground vegetation in woodlands with high
deer populations, but they can also be found in moorland,
meadows, parks, and gardens (Randolph 2004, Dennis and
Hayes 2002, Gern and Pierre-Francois 2002). Open areas with
thick swards of bracken (Pteridium aquilinum) provide an
excellent habitat for the tick (Wilson et al. 1998).
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Figure 2 The epidemiological triangle. Interactions between the agent,
host and environment determine changes in the prevalence of disease.
A fourth element is the role of the disease vector, which transfers the agent
of infection from one host to another.
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3. Transmission route to human hosts. Peak infection times
each year are May-July and September-October, though the
risk of tick bites remains throughout the growing season (HPA
2008). When ready to feed, a tick climbs onto tall grass or
foliage, from where it attaches to mammals and birds that
brush past (Randolph 2004, Gern and Pierre-Francois 2002).
The tick then seeks a safe location to puncture the skin with its
hypostome (a barbed proboscis) and tap a blood vessel; the
“bite” is firm but painless. Preferred locations on humans
include the armpits, navel, groin and hairline (Stanek and Strle
2003). Once attached, blood is drawn over many hours and the
tick’s abdomen swells like a coffee bean (Figure 5). It is only
during later stages of a blood-meal (usually > 24 hours) that
the spirochete, if present, is transferred to the host (Box 1)
(Piesman 1993). Nymphs are especially likely to transfer
infection due to their ability to evade detection (Piesman
1993).
4. Our changing environment. Change in several
environmental factors, including forest cover, wildlife
populations, climate and societal trends, are responsible for

the current epidemic (Lindgren and Jaenson 2006, Steere et al.
2004). In New England, large-scale reversion of agricultural
land to forest in the late 20th century has provided improved
habitat for many woodland species (Dennis and Hayes 2002,
Spielman 1994, LoGiudice et al. 2003, Guerra et al. 2002).
Tick numbers have increased in tandem with the proliferation
of deer and other woodland mammals which act as host pools
for the Borrelia (Spielman 1994, LoGiudice et al. 2003,
Guerra et al. 2002). In Europe and Canada, the spread of Lyme
disease is closely tied with climate change (Gern and PierreFrancois 2002, WHO 2005, Lindgren and Jaenson 2006).
Milder winters and warmer summers have enabled infected
ticks to survive at higher elevations and in more northern
latitudes, including Canada (Ogden et al. 2008) and the UK
(HPA 2008, Smith et al. 2000, O’Connell 1995). With a hot
summer predicted for 2009, the continuing rise in infections
calls for a high level of awareness (HPS 2009a).
Changes in social behaviour have also had an impact on the
increased prevalence of Lyme disease, with increased
numbers of people living, working and pursuing leisure
activities in woodland settings (Steere et al. 2004, Stanek and

Figure 3 left Ixodes ricinus nymph.Ticks are hardest to detect
and most likely to spread infection at this stage of development.
Note 4 pairs of legs, as opposed to 3 pairs on insects. (Photo:
Edward Wilson 2008)
Figure 4 right Ixodes ricinus adult walking across the upper
surface of a finger. The flaccid abdomen (red-brown) and the
mouthparts are clearly visible.The hypostome is protected by two
lateral palps. (Photo: Edward Wilson 2008)
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Clinical profile – diagnosis of Lyme
disease can be tricky
Many early symptoms of Lyme disease are non-specific and
overlap with those of other physical and neurological illnesses
(Stanek and Strle 2003, Davidson et al 2003). A diagnosis of
exclusion is required to differentiate Lyme disease from other
potentially serious conditions, including meningitis,
fibromyalgia and chronic fatigue syndrome (Table 2) (eg Chin
2000, Longmore et al. 2007). Biochemical differences among
species of spirochete bacteria give rise to regional variation in
the course of infection, notably between North America and
Europe/Asia (Steere 2001). Nevertheless, in general terms
Lyme disease can be classified according to three stages of
progression: localized, disseminated and persistent infection
(Steere et al. 2004).
Figure 5. Ixodes ricinus adult engorged with blood after feeding on a pet
dog. In this state the tick resembles a coffee bean.The hypostome is visible
between the two palps, and has been slightly damaged during removal of
the tick. (Photo: Edward Wilson 2008)

Strle 2003, Dennis and Hayes 2002). Among groups most at
risk of infection are forestry workers, wildlife managers,
gamekeepers, outdoor educators, hikers, military field
personnel, rural residents and visitors to focal regions
(Lindgren and Jaenson 2006, Guerra et al. 2002). In England
and Wales, the highest number of reported cases are in the 2544 and 45-64 age groups, reflecting the age range of most
visitors to areas where infected ticks are endemic (HPA 2009).
In Scotland, the peak age group for infection is 60-64 years in
both sexes (HPS 2009a). This is likely a reflection of greater
exposure among the newly retired age groups. Children are
however vulnerable due to their small stature, typical play
activities and lack of awareness (Chin 2000, CDC 2002).
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Localized infection. The earliest, most common and
sometimes only presenting feature of Lyme disease is a
distinctive skin lesion, erythema migrans (EM) (Figure 6)
(HPA 2008). This usually radiates from the site of a bite and
expands over a period of 3-30 days. The outer border is
usually bright red and inflamed, with partial central clearing.
It classically presents as a round, target lesion but different
shapes are possible depending on its location in relation to
folds in the skin. The lesion can cover an extensive area of
skin and is diagnostic when it reaches a diameter of 5 cm
(Tibbles and Edlow 2007). In North America it tends to be
more intensely coloured, more rapidly expanding and of
shorter duration than those in Europe (Steere et al. 2004).
Early infection is often accompanied by fatigue, fever,
chills, headaches, stiff neck and aches in muscles and joints
(Steere 2001, Ogden et al. 2008, Wormser 2006). Symptoms
may be similar to a flu-like or meningitis-like infection and
may last for several weeks. Some patients have only the flulike symptoms, while others may be asymptomatic (Stanek
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most common symptom is chronic arthritis (Chin 2000). This
often continues for a period of years as intermittent attacks in
one or a few large joints, especially the knee(s). Other
potential problems are relatively uncommon and include
memory impairment, pain and numbness, and a number of
possible heart complications. Some patients are left with
debilitating fatigue and other neurological complications even
after elimination of the spirochete (Steere 2001, Stanek and
Strle 2003, Chin 2000). However, death from complications of
Lyme disease is very rare (Steere 2001, CDC 2002).

Testing
Testing for Lyme disease is conducted at specialist labs and
generally follows an internationally-agreed protocol (HPA
2008, Wormser et al. 2006). The standard blood test measures
antibodies for Borrelia but is often negative in the first weeks
after infection (HPA 2008). A more reliable result is obtained
if the test is repeated at a later stage, as the spirochete starts to
disseminate. Culture of Borrelia has proved ineffective in
diagnosis, unless a biopsy sample is taken from the erythema
migrans at an early stage of infection (Steere 2001).
Neurological tests may be required to assess memory
impairment and nerve abnormalities, or to exclude other
potential diagnoses (Steere 2001).

Treatment
Figure 6 Characteristic "bull's eye" erythema migrans lesion on the
posterior right upper arm of a woman diagnosed with Lyme disease.This
is a dramatic presentation of the lesion, which appears in different shapes
and forms dependent on the location of the bite.This picture was taken in
the US; in Europe the erythema migrans lesions tends to be less intensely
coloured and to have a longer duration. (Photo: James Gathany, Centers
for Disease Control and Prevention (CDC), reproduced with permission.)

and Strle 2003, Wormser 2006). It is important to note that
erythema migrans is absent in approximately 20 percent of
cases in North America and a higher proportion of those in
Europe (Steere et al. 2004).
Disseminated infection. In this stage the spirochete
disseminates in the blood to specific locations in the body,
including the skin, nervous system, heart and/or joints (Steere
2001). This occurs over days to weeks after an untreated
infection. Clinical features in the skin often present as a
circular or ring-like rash, secondary to the erythema migrans.
Early neurological presentations include a severe headache
and neck stiffness, Bell’s palsy, and radiating pain or
abnormal sensations in peripheral nerves (Stanek and Strle
2003). Heart involvement may be indicated by short-term
episodes of palpitations or fainting due to heart block (Steere
2001). Muskulo-skeletal symptoms include migratory pain in
the joints, tendons, bursae, muscle or bone (Stanek and Strle
2003). Such manifestations of Lyme disease generally resolve
after weeks or months, even in untreated patients (Steere
2001).
Persistent infection. More serious complications may appear
in untreated patients several months after the initial spirochete
infection and will require specialist medical treatment. The

For most patients, antibiotics are the first line of treatment for
Lyme disease (Steere 2001, Stanek and Strle 2003, Wormser et
al. 2006). For localised or disseminated infection, a course of
doxycycline for 14-21 days is recommended in patients over
eight years of age, except in pregnant women (Steere 2001,
O’Connell 1995, CDC 2002). Lyme arthritis is often treated
successfully with oral antibiotics, but a small number of
patients require intravenous antibiotic therapy (Steere 2001).
In rare cases, Lyme arthritis does not respond to either oral or
intravenous antibiotics; in this event anti-inflammatory
medications are prescribed (Steere 2001). Neurologic
involvement may also require intravenous therapy. Antibiotic
therapy for 21 days is usually adequate for early disease but 30
days may be needed in more severe cases or for later
manifestations of the disease (Stanek and Strle 2003). As with
all infections, the course of treatment will depend on
individual patient circumstances.

Public health and prevention
Strategic approaches to minimising infection rates for Lyme
disease have focused on reducing tick populations and humantick interactions (Hayes and Piesman 2003). Attempts have
been made in some jurisdictions to spray acaricides over areas
of vegetation with high tick populations. Other work has been
undertaken to target specific host mammals, such as rodents
and deer. There have also been attempts to cull deer
populations in several areas of New England. In most cases,
these efforts have proved expensive and largely ineffective in
reducing the population of infected ticks and Lyme disease
infection rates (Hayes and Piesman 2003). Of more practical
value may be local habitat modification, such as removing
vegetation from around buildings, cutting wider paths and
clearing tall leafy vegetation from public access areas (CDC
2002, Hayes and Piesman 2003). A vaccine was briefly
© RSFS
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available, but this was withdrawn after 2002 (Steere et al.
2004, HPA 2008).
At the present time, the most effective strategy for avoiding
infection in most jurisdictions is public health information
that promotes awareness of Lyme disease and provides advice
on how to treat tick bites (eg Wilson 2008). Personal
preventive measures include avoidance of known tick areas,
covering exposed skin, wearing appropriate clothing and use
of acaricide sprays (see Box 2). If working in or visiting a
tick-infested area, regular checks of the total body area are
strongly advised. Responsible adults should check for ticks on
children; pets should also be checked as they can bring ticks
into a vehicle or the home (HPA 2008, CDC 2002).
Employers need to be aware of the risk to staff that work in
woodlands and green spaces, and should take appropriate
actions, such as providing up-to-date health information and
training.
In the vast majority of situations if a tick is found attached
to the skin, rapid intervention to remove the tick is effective
in preventing Lyme disease (Box 3) (Steere 2001, Stanek and
Strle 2003, Ogden et al. 2008). Safe removal can be achieved
with a tick removal tool, tweezers or cotton thread (see Box
3). Best practice is gentle traction to pull the tick away from
the skin without any twisting movement (Chin 2000, CDC
2002, HPA 2008). This minimises the risk of a tick
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regurgitating its stomach contents into the lesion, or the
likelihood that the hypostome might become detached in the
wound (Steere 2001, CDC 2002, Steere et al. 2004, HPA
2008). Removal of the tick within 24 hours of a bite should
prevent transmission of the spirochete from an infected tick
(Shapiro et al. 1992).
Several agencies and organisations in Britain now produce
leaflets and factsheets about Lyme disease. Examples of good
practice include a leaflet published by New Forest District
Council (NFDC 2004) and a factsheet by Health Protection
Scotland (HPS 2009c), both available online. A leaflet has
also been produced by the Forestry Commission, though this
is currently only available for members of staff (Forestry
Commission 2008). Official sources of online information
include the Centers for Disease Control and Prevention
(CDC) (US Government), the Health Protection Agency
(HPA) and Health Protection Scotland (HPS) (see Useful
Websites).
As with most emerging infections, significant media
coverage has been devoted to Lyme disease in recent years (eg
Johnson 2007, Elliott 2008, Howarth 2009). Increasing
anxiety about access to green space runs counter to public
health messages promoting woodland walks for mental and
physical well-being. There is, therefore, a need to target high
quality information and educational material, especially in

Lyme disease

focal areas and to those groups of people most at risk of being
bitten by an infected tick (Steere et al. 2004, Ogden et al. 2008,
Hayes and Piesman 2003). Reassurance should be given about
the overwhelming benefits of exercise, while providing
suitable information about prevention of Lyme disease. Travel
advice is required for many holiday destinations where Lyme
disease is endemic, especially in New England, central Europe
and Scandinavia (Steere et al. 2004, Hayes and Piesman 2003).

Conclusions
Lyme disease is an increasingly common illness in Europe and
North America. In Britain, the number of reported cases has
risen rapidly since the late 1990s. It is a potentially complex
illness, especially where diagnosis and treatment are delayed.
Anyone who becomes ill after being bitten by a tick should
immediately seek medical advice. It is helpful to provide the
doctor with as much information as possible so that other
potential causes of ill-health can be checked and eliminated
from investigations. Although the erythema migrans rash is a
significant feature of the infection, it is not always present.

Short-term antibiotic therapy is the mainstay of treatment.
Simple preventive measures are effective in minimising the
risk of infection. However, a public health approach to
managing Lyme disease is warranted so that positive health
messages about outdoor exercise can be promoted along with
best practice for avoiding possible infection.
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Medical Advisory
This article provides general information only, with respect to Lyme
disease. It is meant to promote awareness and is not a substitute for
professional medical advice. Anyone developing symptoms of Lyme
disease following a tick bite should immediately consult their GP.

Useful Websites
Health Protection Agency (UK): www.hpa.org.uk (search
under A-Z topics for Lyme disease) (comprehensive coverage
of biology, diagnosis, testing and treatment of Lyme disease).
Health Protection Scotland (HPS): www.hps.scot.nhs.uk/
giz/lymedisease.aspx (latest information on the status of Lyme
disease in Scotland).
European Concerted Action on Lyme Borreliosis
(EUCALB): http://meduni09.edis.at/eucalb (up-to-date
information on Lyme disease in Europe in the form of short
reviews and latest publications; open access but mainly
targeted at health-care professionals/researchers) .
Centers for Disease Control and Prevention (CDC) (US
Government): www.cdc.gov/ncidod/dvbid/Lyme (leading
centre for information on Lyme disease; focus on conditions in
USA).
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National Institute for Occupational Safety and Health
(NIOSH) (US Government): www.cdc.gov/niosh/topics/lyme/
(information for employers and employees).
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