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Abstract
Background: Lyme disease is an emerging zoonotic infection in Canada. As the Ixodes tick expands its range,
more Canadians will be exposed to Borrelia burgdorferi, the bacterium that causes Lyme disease.
Objective: To review the clinical diagnosis and treatment of Lyme disease for front-line clinicians.
Methods: A literature search using PubMed and restricted to articles published in English between 1977 and
2014.
Results: Individuals in Lyme-endemic areas are at greatest risk, but not all tick bites transmit Lyme disease.
The diagnosis is predominantly clinical. Patients with Lyme disease may present with early disease that is
characterized by a “bull’s eye rash”, fever and myalgias or with early disseminated disease that can manifest
with arthralgias, cardiac conduction abnormalities or neurologic symptoms. Late Lyme disease in North America
typically manifests with oligoarticular arthritis but can present with a subacute encephalopathy. Antibiotic
treatment is effective against Lyme disease and works best when given early in the infection. Prophylaxis with
doxycyline may be indicated in certain circumstances. While a minority of patients may have persistent
symptoms, evidence does not demonstrate that prolonged courses of antibiotics improve outcome.
Conclusion: Clinicians need to be aware of the signs and symptoms of Lyme disease. Knowing the regions
where Borrelia infection is endemic in North America is important for recognizing patients at risk and informing
the need for treatment.

Introduction
Lyme disease is the most common vector-borne zoonosis in North America, where it is estimated that each year
more than 300,000 individuals in the United States (US) are infected by Borrelia burgdorferi, the bacterium that
causes Lyme disease(1). Data from Canada are sparse, as Lyme disease only became nationally reportable in
2009. The number of reported infections in Canada in 2012 was 315, which is likely an underestimate and
includes cases that are the result of infections acquired during travel to other endemic regions, such as Europe
(2-4).
The range of Ixodes ticks, the vector for Borrelia, has expanded greatly over the last 20 years, making Lyme
disease an emerging infection in Canada. Ixodes ticks have been identified in British Columbia, southeastern
Manitoba, southern and eastern Ontario, and specific areas in New Brunswick, Nova Scotia and Quebec (4,5).
As the Ixodes tick expands its range, more Canadians will be exposed to B. burgdorferi, and clinicians will need
the expertise to manage tick bites and diagnose and treat Lyme disease.
Awareness of the extent of local Lyme disease, early detection and treatment are important for managing this
emerging infection. The objective of this article is to review the clinical diagnosis and treatment of B. burgdorferi
infection for the front-line clinician.
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Methods
A literature search was done using PubMed and restricted to articles published in English between 1977 and
2014. The following search terms were used: Lyme disease and treatment, Lyme disease and arthritis, Lyme
disease and clinical presentation , Lyme disease ticks and risks, Lyme disease and pregnancy, neuroborreliosis,
chronic Lyme OR post-Lyme syndrome AND treatment (clinical trials). Abstracts were reviewed for clinically
relevant articles, and additional references were obtained from the articles identified in the initial search.
Although there are different strains of Borrelia in North America and Europe, which are associated with
overlapping but distinct clinical presentations, this review will focus on the clinical manifestations that are
common to Canada. It does not describe the various aspects of diagnostic testing, which is reviewed in a
companion paper (6).

Findings
Who is at risk of Lyme disease and why?
An individual must first be bitten by a tick that is infected with B. burgdorferi for infection to occur. While infected
ticks can be sporadically deposited in different regions in Canada by migratory birds, the risk of getting Lyme
disease is greatest in an area where the ticks are persistently present or endemic, and the risk depends on the
proportion of ticks that are infected. Even in areas where the ticks have become endemic, the proportion infected
by this spirochete varies and is evolving. Clinicians may want to check with their local public health departments
to understand where the current Lyme endemic areas are within their jurisdiction. It is important to obtain a
thorough travel history from the patient, as Lyme disease is endemic in other areas of North America and
Europe, and travel-related Lyme disease accounts for a proportion of the documented cases in Canada. It is also
important to relay this travel history or suspicion of European Borrelia infection to the diagnostic laboratory, as
the confirmatory testing for North American and European Borrelia strains differs.

What is the risk of Lyme after a tick bite?
While studies are limited in numbers and size, data from the US and Europe suggest that the risk of acquiring
Lyme disease, even after a bite from an infected tick, is small – in the range of < 1% to6% (7). In studies that
have examined the efficacy of antibiotic prophylaxis in persons presenting with a tick bite in Lyme-endemic areas
(where the prevalence of B. burgdorferi in ticks ranged from 15% to 50%), the rate of infection among those who
received placebo ranged from 1.1% to 3.4% (8–11). These rates are consistent with a prospective study of
patients bitten by ticks in a Lyme-endemic area of New York State, where infection developed in 3.7% of those
bitten by a tick (12).
The risk of infection following a tick bite is related to how long the tick has been attached and is explained by the
Borrelia life cycle in the tick. The spirochete first has to migrate from the tick’s gut to its salivary glands before it
can be injected into the human through the bite. In order to do this, the bacterium must undergo antigenic
change to its outer coat that favours human infection (13–16). This process takes about 36 hours (14). If the tick
is removed during this time frame, infection is almost always prevented. In an antibiotic prophylaxis trial in the
US, no study participants receiving placebo or prophylaxis were infected if the tick fed for less than 72 hours
(11). This is further supported by data from another prospective study in an endemic region, in which participants
were at greatest risk of infection if the tick had been attached for more than 72 hours (12).

Who should receive prophylaxis after a tick bite?
There are a number of factors that require consideration when deciding whether to offer prophylaxis after a tick
bite (Table 1). All of the prophylaxis trials have been conducted in regions that would be considered
hyperendemic for Lyme disease, where the burden of infection in ticks is > 20% and where the antibiotics were
administered within 72 hours of removing the tick (8–11). An early meta-analysis of antibiotics for prophylaxis of
Lyme disease reported a pooled infection rate in those who received placebo of 1.4%, compared with 0% for
those receiving an antibiotic (17). Each of the included trials was small and failed to show any significant effect of
prophylaxis, as the incidence of infection in those taking placebo was low (8-10). A subsequent randomized
placebo controlled trial showed that a single dose of doxycycline could reduce the rate of Lyme disease (11).
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Table 1. Criteria and recommended prophylaxis after a tick bite (19)
Criteria for
prophylaxis*

1. The attached tick can be reliably identified as an I. scapularis (deer/blacklegged) tick
that is estimated to have been attached for > 36 h on the basis of the degree of
engorgement or by certainty about the time of tick acquisition.
2. Prophylaxis can be started within 72 h of tick removal.
3. The local rate of B. burgdorferi infection in ticks is > 20% (check with local public
health).
4. Doxycycline is not contraindicated.

Recommended
prophylaxis

Adults and children
> 8 years of age

Single 200 mg dose of doxycycline given orally (4.4 mg/kg for
patients < 45 kg)

Children < 8 years
of age and
pregnancy

Not recommended

* Consider antibiotic prophylaxis after a tick bite when the individual meets all of the criteria.

An updated systematic review and meta-analysis suggested that, to prevent one case of Lyme disease,
prophylaxis of 49 cases would be needed (18). Patients in whom infection developed were successfully treated
without any long-term sequelae. Given that there were relatively few infections in each of the studies and that
these were successfully treated, the use of antimicrobial prophylaxis must be considered in the context of
potential side effects, which were reported but were not severe.

How do patients with Lyme disease present and how are they treated?
Although patients with B burgdorferi infection can be asymptomatic, most cases of Lyme disease present as one
of three stages, which may occur sequentially if an earlier stage was untreated: early localized disease (usually
< 30 days from exposure), early disseminated disease (< 3 months after exposure) and late disseminated
disease (> 3 months after exposure) (Table 2).

Table 2. Clinical manifestations of Lyme disease (19,24,39)
Stage

System

Manifestation

Early localized disease
(< 30 days)*

Skin

Erythema migrans (note: must be > 5 cm in
diameter, painless and slowly expanding)

Systemic

Fever
Arthralgias
Headache

Early disseminated disease
(< 3 months)*

Skin

Multiple erythema migrans

Systemic

Fever
Arthralgias
Headache
Lymphadenophathy

Heart

Atrioventricular block
Tachyarrhythmias
Myopericarditis
Myocardial dysfunction

CNS

Aseptic meningitis
Cranial neuropathy (especially facial nerve palsy)
Motor or sensory radiculopathy
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Stage

Late disseminated disease
(> 3 months)*

System

Manifestation

Ocular

Conjunctivitis (rare)

MSK

Oligoarticular arthritis

CNS

Encephalopathy
Axonal polyradiculoneuropathy
Chronic encephalomyelitis

Ocular

Retinitis (rare)

* Note: While there may be exceptions, these time frames provide clinicians with a general guide on when the different
manifestations tend to occur.
CNS = central nervous system.
MSK = musculoskeletal.

The treatment of Lyme disease depends on the stage and organ system involved and is summarized in a clinical
practice guideline that has been developed by the Infectious Diseases Society of America (IDSA) (Table 3) (19).
The clinical presentation and some of the literature that supports those treatment recommendations are
summarized in the sections that follow.

Table3. Infectious Disease Society of America guidelines for the treatment of Lyme
disease (19)*
Treatment of adults and
children older than 8 years
with Lyme disease

Erythema migrans or early
disseminated disease,
including Bell’s palsy, but
without other CNS
involvement

Doxycycline 100 mg po bid x 14–21 days
(contraindicated in pregnancy)

Early Lyme with CNS
involvement

Ceftriaxone 2 g IV once daily x 14–28 days

Amoxicillin 500 mg po tid x 14–21 days
Cefuroxime 500 mg po bid x 14–21 days
6

Pen G 4 x10 units IV q 4 h x 14–28 days
Doxycycline 100–200 mg po bid x 28 days
(alternative if others not possible)

Early Lyme with carditis

Same treatment as early Lyme with CNS
involvement, but use IV initially with high grade heart
block or if admission to hospital is necessary.

Late Lyme without CNS
involvement**

Doxycycline 100 mg po bid x 28 days
Amoxicillin 500 mg po tid x 28 days
Cefuroxime 500 mg po bid x 28 days

Treatment of children 8 years
or younger with Lyme disease

Late Lyme with CNS
involvement (late
neuroborreliosis)

Ceftriaxone 2 g IV once daily x 14–28 days

Early localized disease

Amoxicillin 30 mg/kg per day, orally, divided into
three doses (max 1.5 g/day) for 14–21 days

6

Pen G 4 x10 units IV q 4 h x 14–28 days

For children allergic to penicillin, cefuroxime 30
mg/kg per day, orally, in two divided doses
(maximum 1 g/day) for 14–21 days
Early disseminated and late
disease:
multiple erythema migrans

Oral treatment as the above for 21 days

Early disseminated and late
disease:

Oral treatment as the above for 21 days
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isolated facial palsy and first
episodes of arthritis
Early disseminated and late
disease:
persistent/recurrent arthritis,
carditis and
meningitis/encephalitis

Ceftriaxone or penicillin IV at pediatric dosing

*
**

These recommendations are off-label, evidence-based best practices.
Recurrent or persistent joint swelling – repeat 4 week course of oral antibiotic as above. Use of IV ceftriaxone should be
reserved for relapse or persistent joint swelling without improvement with oral treatment.
CNS = central nervous system.

Asymptomatic infection
Approximately 1.6%–7% of infected individuals may have asymptomatic infection (7, 20). The prognosis for
patients with asymptomatic infection is generally good. Within a large vaccine study conducted in 10 US states
where Lyme is endemic, asymptomatic infections were documented in 6% (15/269) of study participants. While
the majority of study participants received treatment when the seroconversion had been documented, only 1 of 8
who did not receive treatment went on to show arthritis over the 12 months after seroconversion (20). Although
the follow-up period was relatively short, these data support the notion that asymptomatic infection does not
require treatment, and disease will ultimately declare itself if infection persists.

Early localized disease (< 30 days)
Early disease usually presents as an acute illness characterized by fever, headache and myalgia with the
presence of a single, localized skin lesion known as erythema migrans (EM). This characteristic skin eruption is
present in approximately 80% of patients with early disease and will resolve without antibiotic treatment over a
median of 28 days (21, 22). While most patients will present with erythema migrans within seven days of the
initial tick bite, the incubation period can vary between 3 and 30 days (23). The skin lesion is characteristically an
annular erythematous lesion > 5 cm in diameter that slowly increases in size and is usually painless and nonpruritic. The lesion sometimes develops central clearing, but it can be more homogenously erythematous (19,
23, 24). It is important to note that many people can have a reaction to the tick saliva and show a localized
reaction resembling erythema migrans. However, unlike erythema migrans this reaction often develops within
the first three days of the bite, is 5 cm or less in diameter and does not expand.
Erythema migrans can be subtle or even go unnoticed, particularly if the bite was in an area that is difficult for
the patient to see, such as behind the knee. Diagnostic testing is insensitive at this stage and not recommended
in a patient who has links to an endemic area (6).
Treatment: Several clinical trials conducted in the US (23, 25–28) and Europe (29–31) has informed the
antimicrobial treatment of early Lyme disease. In these trials, individuals with a clinical diagnosis of erythema
migrans were randomly assigned to one of several treatment options. The agents used included amoxicillin,
penicillin, ceftriaxone, a macrolide (erythromycin or azithromycin) and a tetracycline or doxycycline in somewhat
varying doses and for varying lengths of times. Azithromycin therapy was given for 5 or 10 days, beta-lactams
were given for 10–30 days, and tetracycline/doxycycline was given for 10, 14 or 20–21 days. Follow-up
frequently lasted for several months after completion of therapy, and patients were monitored for complete and
partial resolution of symptoms, treatment failure and late manifestations of illness that were considered either
minor or major.
The studies found similar efficacy for amoxicillin, azithromycin, cefuroxime and doxycycline independent of the
dose and duration of therapy. The one trial that included erythromycin showed it to be less effective than
penicillin and tetracycline. A large retrospective cohort study of 607 patients confirmed these findings, 99% of
patients with early local or disseminated Lyme remaining treatment-failure free at two years whether treated for ≤
10 days, 11–15 days or > 15 days (32). One study that looked specifically at early disseminated Lyme disease
compared ceftriaxone 2 g daily for 2 weeks with doxycycline 100 mg twice daily for 3 weeks (33). Clinical cure
was similar for the two (85% for ceftriaxone and 88% for the doxycycline), with 14% (doxycycline) and 27%
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(ceftriaxone) of patients having residual symptoms, usually mild arthralgias and fatigue, at nine months after
completing treatment.
Prognosis: Both clinical trials (23, 25–31) and observational studies (32,34–36) provide information about the
prognosis for treated early Lyme disease. With the currently recommended therapies, greater than 80% of
patients will have complete resolution of symptoms at long-term follow-up. While it is not unusual for individuals
to have symptoms such as fatigue and arthralgias after treatment for Lyme, most studies reported either no or
few (< 5%) late manifestations of disseminated Lyme.
To determine whether patients who had early Lyme disease are more likely to have persistent symptoms after
their acute infection, investigators in Slovenia compared a cohort of patients treated for erythema migrans with a
control group of individuals who did not have Lyme disease (36). They found that the frequency of new or
increased symptoms in patients with this condition did not exceed the frequency of such symptoms in the control
group. At 12 months, only 2.2% of Lyme disease patients reported new or increased symptoms, and in none of
the patients were the symptoms disabling. These findings are similar to those of a study done in the US involving
patients with and without Lyme disease from 1984 to 1991 (37). The frequency of new symptoms and increased
difficulties with daily activities were similar in the two groups, those with Lyme disease and age-matched controls
without Lyme disease.
In summary, the evidence from these studies suggests that although patients with Lyme may have symptoms
that persist or appear after treatment is complete, the frequency of those symptoms is comparable with what one
would see in individuals who do not have Lyme disease.

Early disseminated Lyme disease (< 3 months)
Early disease may be followed by disseminated disease, with the development of multiple secondary annular
lesions and multisystem and intermittent cardiac, neurological, ocular or articular manifestations. The
development of multiple secondary annular lesions and systemic symptoms, including fever, arthralgias,
headache and lymphadenopathy, usually occurs within several weeks of the localized erythema migrans (38). In
one early study, half of the patients presenting with this condition went on to show multiple erythema migrans
lesions (38).
The other manifestations of early disseminated infection, such as Lyme carditis and neurologic infection (known
as neuroborreliosis), tend to occur weeks to months after initial infection (38). Patients with Lyme carditis can
present with conduction abnormalities, tachyarrhythmias, myopericarditis or myocardial dysfunction (39). The
most common presentation is atrioventricular block ranging from first to third degree heart block, often requiring
temporary pacing. Carditis usual occurs within two months of the presenting erythema migrans, but a history of
the condition is not always present.
Treatment is effective, and carditis is rarely fatal (40). While earlier data showed that carditis developed in up to
10% of patients with untreated Lyme (39), recent data suggest that rates are much lower; this may be due to
improved recognition of Borrelia infection and effective treatment (19). US data from 1996 to 2006 suggest that
only 0.8% of patients reported to have Lyme disease have conduction abnormalities (41). Physicians should
think of Lyme as a cause of unexplained conduction abnormalities in patients who have recently been to a Lymeendemic area. However, in the absence of a history of erythema migrans, the presentation is too non-specific to
warrant empiric treatment without serological confirmation (19).
Neuroborreliosis has a clinical spectrum that can include meningitis, facial paralysis, motor or sensory
radiculopathy, and cognitive symptoms. In North America, neuroborreliosis commonly presents with cranial
nerve involvement (especially Bell’s palsy), with or without aseptic meningitis. Symptoms can appear anywhere
from two to eight weeks after erythema migrans (42). Lyme disease can be responsible for Bell’s palsy in 10%–
50% of children and adults in Lyme-endemic areas and can be bilateral in up to 23% of patients (43–47).
Clinicians should suspect Lyme disease as the cause of facial palsy when it occurs in Lyme-endemic areas
during the tick season, is associated with headache and other non-cranial nerve neurologic findings, including
papilledema, or is bilateral (44, 47–50).
In regions where Lyme is endemic, it can be challenging to differentiate early neuroborreliosis from other causes
of central nervous system infection. The cerebrospinal fluid is usually abnormal, with a white cell count that is
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elevated to levels similar to those of patients presenting with viral meningitis (48, 51). However, compared with
other causes of aseptic meningitis, patients with Lyme meningitis are less likely to have fever and more likely to
have a higher preponderance of mononuclear cells (total percentage of monocytes and lymphocytes) in the
cerebrospinal fluid, a longer duration of headache, and cranial nerve involvement (48,52,53).
The rule of sevens: A clinical prediction rule has been developed to help stratify the likelihood of Lyme-related
meningitis in children. Children are unlikely to have Lyme-related meningitis if they have all of the following:
headache for fewer than seven days, less than 70% mononuclear cells in their cerebrospinal fluid and absence
of a seventh nerve palsy. This “rule of 7s” has 96% sensitivity and 95% specificity for distinguishing aseptic
meningitis from Lyme neuroborreliosis. On the basis of the rule of 7s, patients who lack these features can be
managed conservatively while Lyme serological results are pending (53, 54).
Treatment: A study done in the US in the early 1990s of patients with disseminated Lyme disease(without
meningitis) compared ceftriaxone 2 g daily for 14 days with doxycycline 100 mg twice daily for 21 days (33). The
cure rate was similar for the two regimens (88% for ceftriaxone and 85% for doxycycline), 27% of ceftriaxonetreated patients and 14% of doxycycline- treated patients having residual symptoms at the end of treatment.
In a large series of 101 adults with Lyme-related Bell’s palsy, the palsy resolved completely in more than 86% at
a median time of 26 days (range 1–270 days) despite the fact that only 36% had received antibiotic treatment.
Fifteen percent had mild residual weakness, and only one person had a severe deficit. Patients with residual
dysfunction were more likely to have bilateral disease (43).
The prognosis in children is equally good. In a cohort study, 94% of children treated with antibiotics were
asymptomatic four weeks after treatment. All but one patient had resolution of symptoms by six months, and no
children had evidence of chronic disease two years later (34). In 43 children who presented with Bell’s palsy
attributable to Lyme disease, most felt that they were cured, and there was no difference in the daily activities of
infected children compared with those of a non-infected group (55). These studies in patients with Lyme
neuroborreliosis highlight the importance of early recognition and treatment in order to improve response to
treatment. At the same time, it was demonstrated that a prolonged course of amoxicillin given orally after a three
week course of intravenous ceftriaxone did not alter outcome as compared with placebo (56).

Late Lyme disease (> 3 months)
If left untreated, Lyme disease can evolve into late disease, which presents with persistent arthritis and/or
persistent neuroborreliosis. The different strains of Borrelia in North America and Europe are associated with
overlapping but distinct clinical presentations. In Europe, late Lyme disease presents with dermatologic
syndromes that are rare in North America, including acrodermatitis chronica atrophicans and lymphocytoma
cutis (24). In North America, arthritis is a much more common manifestation of late Lyme disease, whereas in
Europe neuroborrelia is more commonly seen and presents as a chronic encephalitis or painful radiculopathy
called Bannwarth’s syndrome in up to 86% of cases (57).
If European Lyme disease is suspected on the basis of the clinical presentation and the patient’s travel history,
the laboratory should be notified to ensure that the appropriate serological test can be used, as the confirmation
tests for North American and European Borrelia are different. A more detailed comparison of the differences
between North American and European Lyme disease has been provided by Hengge and colleagues (24).

Late Lyme arthritis
In North America, up to 60% of untreated Lyme disease cases show monoarticular or oligoarticular arthritis,
usually involving the knees, with other joints such as the ankle, elbow and wrist less commonly affected (58–60).
In one study, all patients with late Lyme arthritis had symptoms appear within two years of infection. In 14 of 16
patients with untreated Lyme-related facial nerve palsies arthritis ultimately developed (61). Remembering a tick
bite has not been a helpful feature in diagnosing Lyme arthritis, as up to 84% of cases did not recall exposure to
a tick (32, 62).
Lyme disease serology is very sensitive and specific for the diagnosis of Lyme arthritis, and a negative test
essentially rules out infection (6). However, the results of Lyme disease testing can take time, and because the
presentation can mimic septic arthritis, which requires immediate treatment, it is important to try and differentiate
the two.
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Three studies have attempted to develop a clinical prediction model to distinguish Lyme arthritis from septic
arthritis in Lyme-endemic areas. Although there is an overlap between the two entities, Lyme arthritis tends to
involve the knees preferentially, is less frequently accompanied by fever and local signs of inflammation, and in
general has lower inflammatory markers (62–64). One study found refusal to weight bear as the strongest
predictor septic arthritis compared with Lyme disease (63). Another study in children found that an erythrocyte
3
3
sedimentation rate of < 40 mm/hour and a peripheral white blood cell count < 10 x 10 cells/ mm could
effectively rule out septic arthritis (64). While the synovial fluid is inflammatory with elevated leukocyte counts,
3
3
there is overlap with septic arthritis, and the cell count can range from 1,700 x 10 cells/µL to > 100,000 x 10
cells/µL, predominantly polymorphonuclear cells (58, 60, 63). In one review, children with Lyme disease had
higher inflammatory markers than adults (60).
Up to 10% of patients will have evidence of synovitis six months after treatment for Lyme arthritis, termed
antibiotic refractory Lyme arthritis (65). Currently, the only recommendation for the use of the polymerase chain
reaction (PCR) to detect Borrelia DNA in the diagnosis of Lyme disease has been in patients with persistent
synovial swelling, to determine whether retreatment is necessary (19). However, the significance of a positive
test result after primary treatment is unclear. There are data to suggest that any Borrelia detected are not viable,
calling into question whether there really is persistent infection in these patients (66).
Late Lyme arthritis treatment: There are few studies that have examined the treatment of late Lyme arthritis.
Two studies (67,68) comparing penicillin or ceftriaxone with placebo in late Lyme arthritis in adults found benefit
with antibiotic therapy, but the cure rate was still < 50%, although better with ceftriaxone than penicillin. A
European randomized trial comparing penicillin and ceftriaxone, both intravenously for 10 days, in patients 13
years of age and older demonstrated a symptom remission rate of 87.9% for ceftriaxone and 61.3 % for
penicillin. Finally, a study involving children and adults with late Lyme in the US in the mid-2000s (69) found that
28 days (70% cure) of ceftriaxone had no advantage over 14 days (76% cure) in terms of clinical cure and was
associated with more treatment discontinuations due to adverse events. In some series up to 25% of children
and 50% of adults required a second course of antibiotics because of refractory arthritis symptoms. Those who
went on to show refractory arthritis were successfully treated with nonsteroidal anti-inflammatories, steroid
injections or disease-modifying drugs. None developed long-term sequelae (59, 60).

Late neuroborreliosis
The most common manifestation of neuroborreliosis in North America is subacute encephalopathy with subtle
cognitive changes, whereas a chronic encephalomyelitis characterized by spastic paraparesis and cognitive
impairment is more common in Europe (24, 70). In one case series of 37 American patients, neuroborreliosis
manifested approximately two years after erythema migrans as subacute encephalopathy; axonal
polyradiculoneuropathy with objective sensory and electromyography abnormalities; or leukoencephalitis; or a
combination of the three (42). It is important to note that the patients had objective findings and serological
evidence of infection.
Late neuroborreliosis treatment: All of the original studies examining treatment of neuroborreliosis that were
identified in our search were undertaken in Europe (56, 71–77). While the clinical manifestations of Lyme
disease are somewhat different in Europe and North America, presumably the treatment principles are similar.
These different studies compared a variety of different drugs, treatment doses and treatment durations.
Generally, however, the comparators were intravenous ceftriaxone/cefotaxime, intravenous penicillin or oral
doxycycline (200 mg–400 mg daily) for anywhere between 10 days and 3 weeks. Patients had a mix of early and
late neurological disease, and follow-up was often for several months after treatment had stopped. The
treatment success was comparable for the different treatment arms, but the dose of doxycycline was higher in
some of these studies than that used for early Lyme disease. Treatment success was generally higher than 80%
but as low as 33% in one group of patients with late Lyme neuroborreliosis who received ceftriaxone for two
weeks.

What is the prognosis after delayed treatment?
There are relatively few data examining the effects of delayed treatment. Two retrospective studies showed that
patients who had a longer duration of symptoms before treatment were more likely to have persistent subjective
musculoskeletal and cognitive symptoms. However, there were no objective physical findings or neurocognitive
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testing abnormalities compared with uninfected controls (78, 79). Similar findings were reported in patients
involved in studies of early Lyme disease, in which it was found that those who did not receive treatment on
initial presentation with facial palsies were more likely to have body pain, physical limitations and a lower
physical composite score on the SF36 (36 item Short-Form General Health Survey) compared with controls who
received antibiotics at the time of presentation. They were also more likely to have mild neurocognitive
symptoms, but their overall “mental composite” score on the SF-36 standardized form was not different from that
of the control group (61).

Can patients with Lyme disease have persistent symptoms after treatment?
It is clear that a proportion of patients with confirmed evidence of previous Lyme disease continue to have
symptoms after standard antimicrobial treatment. The terms “chronic Lyme disease” and “post-Lyme disease
syndrome” have been applied by some clinicians to patients with symptoms persisting more than six months
after treatment with the recommended agents. Persistent symptoms include fatigue, generalized musculoskeletal
pain and cognitive impairment without objective findings or microbiological evidence of active infection.
Given that some patients have persistent symptoms after treatment of their Lyme disease, the question has
been raised of whether there is benefit to prolonged antimicrobial therapy. Four randomized placebo controlled
trials, all conducted in the US, have addressed this issue. The larger of the studies (80) included two separate
studies (i.e. seropositive and seronegative studies) of patients clinically diagnosed with acute Lyme disease.
Both studies enrolled patients who had previously been treated with a recommended antibiotic regimen and
reported ongoing symptoms. The subjects were placed into the seropositive or seronegative study according to
their serological status at the time of enrollment. There were 129 patients enrolled in the two studies, and
participants were randomly assigned to receive either ceftriaxone 2 g daily for 30 days followed by doxycycline
for 60 days, or placebo. Outcome measures included cognition, memory, pain and activities of daily living.
There were no differences between the treatment vs placebo groups in outcomes in either the seronegative or
seropositive studies, and they were terminated early after an interim analysis by the Data and Safety Monitoring
Board, on the basis that the studies would not be able to identify a difference between treatment vs placebo. A
sub-study using data from this trial also found no differences between the treatment and control groups in mood
and cognitive-related quality of life measures (81).
Krupp and colleagues compared 2 g daily of ceftriaxone for 28 days with placebo in 55 patients whose Lyme
disease had been previously treated with a standard regimen (82). While the ceftriaxone group showed
improvement in fatigue, there was no difference in cognition on formal testing. Three patients had intravenous
line infections and one had anaphylaxis in reaction to ceftriaxone. Finally, 37 adults were randomly assigned to
receive 10 weeks of ceftriaxone or placebo after completing treatment for Lyme disease (83). The patients who
received ceftriaxone had non-sustained, mild improvements in cognition and a 26.1% adverse event rate versus
7.1% in the placebo group.
On the basis of these findings, the Infectious Diseases Society of America guideline does not recommend
additional antimicrobial or prolonged treatment for patients who have completed a standard course of therapy for
their Lyme disease (19). Any benefit that might be derived is small and not sustained, and has been associated
with an excess risk of adverse events that may be life-threatening.

How should Lyme disease in pregnancy be managed?
While there have been reports of Lyme disease in pregnant women and sporadic case reports of transplacental
transmission of B burgdorferi, there is not a clear link between fetal infections and adverse outcomes (84, 85).
Clinical, serological and epidemiological studies of Borrelia infection in pregnancy have failed to demonstrate an
association between infection and adverse outcomes (84–86). Because doxycycline is contraindicated in
pregnancy, treatment and prophylactic options are different than in the non-pregnant adult.
Some data suggest that a 10 day course of ampicillin may be an effective prophylactic strategy, although the risk
of a rash developing in reaction to the beta lactam is greater than the risk of Lyme disease, and therefore the
Infectious Diseases Society of America(IDSA) guideline does not recommend prophylaxis in the setting of
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pregnancy (18,19,86). If an Ixodes tick bites a pregnant woman, she should be monitored for 30 days for signs
and symptoms of Lyme disease and treated with amoxicillin or cefuroxime if it develops (19).

Can individuals be re-infected with Borrelia burgdorferi?
Relapses are recurrent symptoms that are the result of failure to cure the original infection, whereas re-infection
is the recurrence of symptoms as a result of a new exposure to an infected tick, leading to a new infection.
Although erythema migrans lesions can relapse if not treated with antibiotics (23), their recurrence after
successful treatment is more likely to be re-infection than relapse (87).
Re-infection can occur in as many as 2%–21% of patients living in endemic areas who have had Lyme disease
(78, 88–90). On examination, re-infection typically presents with an erythema migrans lesion at a different site
than the original lesion more than 1–2.5 years after the original infection and not within 11 months of the first
infection (87, 89, 91). In one series, 79% of patients with re-infection presented with erythema migrans at a
different site than the previous infection, and 21% presented with a febrile illness with myalgias. Re-infection
after late Lyme disease characterized by arthritis or neuroborreliosis is very rare (90, 91).
Laboratory diagnosis of re-infection becomes a challenge, given that serology, including IgM, can remain
positive for many years (92). Diagnosis is reliant on the clinical presentation of a new erythema migrans lesion at
a different site. Recent data suggest that patients treated for re-infection have excellent outcomes. Patients with
re-infection reported less fatigue than both the non-infected control group and patients with their first infection,
suggesting that repeated infections present a lower risk of persistent symptoms (91).

Conclusions
Lyme disease is an emerging infection in Canada, and it is important that clinicians be aware of its epidemiology,
clinical presentations and management. While sporadic cases of Lyme disease are possible from infected ticks
that are imported on migrating birds, individuals living in or traveling to Lyme-endemic regions will be at greatest
risk of infection. A thorough travel history is essential in a person presenting with symptoms suggestive of Lyme
disease, particularly if symptoms compatible with one of the neurologic syndromes that are more common in
Europe are present. It is important to inform the laboratory of a positive travel history, as the serologic testing for
North American and European Borrelia strains is different.
Given the constantly expanding tick population it can be challenging to clearly define regions constituting the
highest risk for Lyme disease, and it is important to remain abreast of local Lyme epidemiology through local
public health.
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Abstract
Background: Lyme disease is on the rise in Canada. It is a notifiable disease, and when infection is
disseminated, serological testing provides supplemental evidence to confirm a case.
Objective: To describe the current diagnostic tests for Lyme disease, review the recommended approach to
laboratory testing for Lyme disease and identify future research priorities for Lyme disease laboratory
diagnostics in Canada.
Methods: A review of the literature was carried out. We then summarized parameters to consider before Lyme
disease testing is conducted, described the current best practice to use a two-tiered diagnostic algorithm for the
laboratory confirmation of disseminated Lyme disease, and analyzed the advantages and disadvantages of the
supplemental tests for Lyme disease.
Results: Diagnostic testing is indicated in people who have symptoms of disseminated disease and a history of
exposure to vector ticks. To maximize sensitivity and specificity, a two-tiered serological approach is
recommended, consisting of an enzyme immunoassay (EIA) screening test followed by confirmation with
Western blot (WB) testing. A number of other diagnostic tests are available; however, these are largely for
research purposes.
Conclusion: Two-tiered serology is currently the best approach available to assist doctors when they are
making a diagnosis of disseminated Lyme disease. The Public Health Agency of Canada (the Agency) will seek
to improve on this approach through standardization of the Lyme disease diagnostics used across laboratories
in Canada, evaluation of test performance characteristics of current and new diagnostic platforms and
development of a process to secure robust serum panels to assist in the development and evaluation of new
diagnostic tests for Lyme disease.

Introduction
Lyme disease (LD) is a tick-borne infection caused primarily by three species of spirochetes in the Borrelia
burgdorferi sensu lato genogroup: B. burgdorferi sensu stricto (in North America and Western Europe), B. afzelii
(in Western Europe, central Europe and Russia) and B. garinii (primarily in Europe, Russia and northern Asia)
(1). The symptoms of Lyme disease occur in stages and involve a variety of tissues and organs, including the
skin, joints, heart and nervous system (2). There has been a steady increase in the incidence of Lyme disease in
parts of central and eastern Canada (3-5) due to the recent range expansion of the primary tick vector, Ixodes
scapularis (6).
Lyme disease has been a nationally notifiable disease since 2009 (7). The objective of this article is to describe
the current diagnostic tests for Lyme disease, including a review of the recommended approaches to laboratory
testing, and identify future research priorities for Lyme disease diagnostics in Canada.

Methods
An extensive review of peer-reviewed literature was carried out. We then summarized the key parameters to
consider before Lyme disease testing is conducted, described the current best practice of a two-tiered
serological algorithm for the laboratory confirmation of disseminated Lyme disease and explored the advantages
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and disadvantages of the supplemental tests. We also outlined future research plans to be undertaken by the
Agency’s National Microbiology Laboratory.

Results
Considerations prior to testing
Early localized Lyme disease does not require diagnostic testing before antibiotic therapy is started. A
presumptive diagnosis can be made on the basis of the clinical presentation and a credible history of exposure
to infected blacklegged ticks (8). Typically, diagnostic testing is appropriate for people with a history of tick
exposure and symptoms of disseminated Lyme disease infection, since test sensitivity improves as the bacteria
affect tissue systems other than the skin (8,9). Testing, however, should be limited to those with objective signs
of infection (10,11).
The following information is required prior to testing:
Detailed travel history and date of onset of symptoms – This information should be included on the
laboratory requisition, as it helps the diagnostic laboratory apply the most appropriate test platform. For
example, there are different tests to identify Lyme disease acquired in Europe/Asia versus North
America (12), and different tests are used for early infections versus infections that may have been
present for some time (13).
A history of antibiotic treatment – This can dampen the immune response to infection and may
complicate the interpretation of serological tests (14).
Other infections or pre-existing conditions – Infection with other related pathogens (e.g. syphilis) and
autoimmune disorders may cause false-positive results (15).
Prior history of laboratory-confirmed Lyme disease– This is important, as there is no pattern of
serological response that can differentiate re-infection from an initial infection with B. burgdorferi (16).

Testing for Lyme disease
Although there are several testing strategies that can assist in making a diagnosis of Lyme disease (Table 1),
serology is currently the only standardized laboratory testing available. The following describes the different test
platforms used for the laboratory diagnosis of Lyme disease. The advantages and limitations of each are
presented in Table 2.

Table 1: Laboratory testing approaches for Lyme disease (9)
Recommended testing
strategy*

Specimen type

Erythema migrans, acute phase
(seasonal occurrence and exposure in an
endemic area**)

Clinical diagnosis and empirical treatment

None

Erythema migrans, acute phase
(out of season or no known exposure in an
endemic area)

2-tiered serology – repeat EIA in four weeks
if negative; treatment at physician’s
discretion NAAT, isolation

Stage of infection

†

†

Serum
Biopsy, plasma

Characteristic neurological, cardiac or joint
involvement

2-tiered serology
NAAT

Serum
Synovial or
cerebrospinal fluid

Persistent symptoms following recommended
treatment

None

None

* Tests, such as nucleic acid amplification test (NAAT) or bacterial isolation, are not frequently requested or performed.
** Endemic areas are localities where blacklegged ticks are established and B. burgdorferi cycles of transmission are
maintained.
†
Enzyme immunoassay (EIA) followed, where appropriate, by confirmatory Western blots using diagnostic kits licensed in
Canada.
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Serology testing
The Canadian Public Health Laboratory Network recommends a two-tiered approach to Lyme disease testing,
consisting of a sensitive enzyme immunoassay (EIA) followed, if positive or equivocal, by a specific Western blot
test (9). The rationale for this approach is that the overall sensitivity and specificity are maximized when these
tests are performed in sequence.
The immune response to B. burgdorferi infection begins with the appearance of IgM antibodies, usually within
two weeks of a tick bite (17). These antibodies may persist for months or even years despite effective
antimicrobial therapy (18). Following that IgM response, IgG antibodies develop in most patients, typically after
one month of infection (9).
Serology provides a snapshot of the immune status of the patient at the time of the specimen collection. For
instance, if Lyme disease is suspected on the basis of symptoms but early serological testing is negative; followup testing on a convalescent sample is recommended (9). The two most commonly performed serological tests
are detailed below.

Enzyme immunoassay (EIA)
An enzyme immunoassay is used as a screening test to detect IgM and/or IgG antibodies in serum that are
directed against the bacterium that causes LYME DISEASE. Commercial kits, such as an enzyme-linked
immunosorbent assay, rely on the use of whole-cell preparations of B. burgdorferi (1) and/or recombinant
antigens (19) (e.g. C6 peptide). The format of the assay allows the simultaneous screening of a relatively large
number of samples. While most enzyme immunoassays are highly sensitive, they may lack specificity (i.e. false
positives can occur as a result of other medical conditions).

Western blot (WB)
The Western blot test is used as the corroborative test, and it has greater specificity than the enzyme
immunoassay (11, 20). It detects antibodies in serum that are directed against electrophoretically separated
antigen extracts and recombinant antigens native to B. burgdorferi (21). Commercial kits are used to test for
antibodies to individual genospecies of Borrelia (12) and to differentiate IgM from IgG antibodies. A positive
Western blot result is required to confirm exposure to B. burgdorferi (22), and seroconversion from lgM to IgG
Western blot antibodies provides definitive evidence of a recent infection (9).

Table 2: Laboratory tests for Lyme disease and their advantages and limitations
Test
Enzyme
immunoassay

Advantages
High sample throughput and relatively
easy to perform.
Generates objective numerical values
compared with other subjective measures
(e.g. immunofluorescent assays).

Limitations
Lower sensitivity in early stage Lyme disease.
There is variation in the sensitivities and specificities
of the different commercial kits available in Canada.
Antibodies in the serum of patients with autoimmune
disorders, Epstein-Barr virus infection, bacterial
endocarditis, syphilis, other spirochetal infections,
anaplasmosis or Helicobacter pylori infection may
cause false-positive results.
Some tests cannot discriminate between antibodies
produced against North American versus
European/Asian genospecies of Borrelia.
Genotype of B. burgdorferi may reduce sensitivity in
early Lyme disease.
Cannot differentiate a previous infection from a reinfection with B. burgdorferi.
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Test
Western blot

Advantages
High specificity such that these tests can
be used to rule out other etiologic agents.
Able to determine reactive immunoglobulin
classes (lgG vs. lgM) and help differentiate
early from longer-standing infections.

Limitations
Interpretation of results is subjective (e.g. scoring
band position and intensity) for Western blot assays
that do not use an automated reader.
Significant cross-reactivity occurs among European
genospecies.
LgM antibodies are inherently cross-reactive, which
may lead to false-positive results.
False-negative lgG Western blot results may occur
early in the course of infection or as a result of
antibiotic treatment.

SUPPLEMENTAL LABORATORY TESTS (Not routinely performed)
Bacterial isolation

Nucleic acid
amplification
testing (NAT)

Highly specific and could be useful for
determining infecting genotypes of
B. burgdorferi.
Able to detect B. burgdorferi DNA after
antibiotic treatment has started, therefore
able to distinguish an ongoing infection
from persistent symptoms due to an
immunologic mechanism.

Collection of specimens can be invasive.
Relatively low sensitivity, expensive, labour-intensive
and long incubation period required for results.
Poor sensitivity due to low bacterial load in some
clinical samples.
Lack of standardization with respect to target genes.

Borrelia DNA can be detected in EM
lesions before the appearance of serum
antibodies and without the delay
associated with bacterial isolation.

Two-tiered algorithm for the laboratory diagnosis of Lyme disease
The two-tiered approach to testing is illustrated in Figure 1. The first tier involves the use of an EIA. If this EIA
test is negative, WB testing is not indicated. If symptoms persist, the EIA test can be repeated on a convalescent
sample collected 3–6 weeks later. If the EIA is positive or equivocal, the second tier or corroborative Western
blot assay is performed. In early infections (i.e. symptoms for less than six weeks), both the lgM and IgG
Western blot tests are performed; however, if the patient has had symptoms for more than six weeks, only the
lgG Western blot assay is performed.

Figure1. Two-tiered serological testing for Lyme disease
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The final result of serological testing is considered positive only when the EIA is reactive (positive or equivocal)
and the WB is also positive (Table 3). This two-tiered system maximizes the sensitivity and specificity of the
assays and increases the likelihood of observing a seroconversion (from lgM to IgG) that is evident in most bona
fide B. burgdorferi infections (1, 17, 21, 23).

Table 3: Interpretation of Western blot results (in conjunction with an equivocal or positive EIA)
Western blot result

Interpretation

Both IgM and IgG Western blots negative

Result not consistent with a B. burgdorferi infection; however, if
symptoms persist submit a follow-up sample 3–6 weeks later.

Only IgM Western blot positive*

Potentially a false-positive result if this is NOT an acute case
(i.e. < 6 weeks post onset of symptoms).

Only IgG Western blot positive**

Result consistent with an infection with B. burgdorferi of
greater than 4 weeks’ duration.

Both IgM and IgG Western blots positive

Result indicates recent or previous infection with B.
burgdorferi.

*
**

IgM positive WB – 2 of 3 significant bands present.
IgG positive WB – 5 of 10 significant bands present (22).

Supplemental laboratory tests to detect B. burgdorferi
Bacterial isolation
The recovery of viable B. burgdorferi from clinical specimens is accomplished by incubating the sample in
specialized culture medium. Although this test remains the “gold standard” for diagnosis of Lyme disease(7), the
procedure is expensive to perform, lacks clinical sensitivity and is prone to contamination (24). The greatest
practical limitation is that cultures can require up to eight weeks of incubation because of the small number of
viable organisms present in many specimen types (17). These factors reduce the clinical applications of this test
and restrict its use to research studies (9).

Nucleic acid amplification testing (NAAT)
Nucleic acid amplification testing (NAAT) has been used to decrease turnaround times for Lyme disease
diagnostic results (25, 26). Several formats of polymerase chain reaction (PCR) testing (i.e. nested, real-time or
quantitative) are used to amplify a variety of Borrelia-specific genetic targets in clinical specimens (27). Positive
results are most frequently seen in the early phase of the disease (28). The sensitivity of polymerase chain
reaction on cerebrospinal fluid (CSF) is low or variable and therefore of limited usefulness in evaluating patients
with neurological signs (1, 21). Although these assays can identify an infection sooner than serological testing
(25, 27), their use is restricted to research studies at the present time (8, 9).

Challenges associated with diagnostic testing for Lyme disease
Physicians and laboratory scientists have concerns regarding results reported by some private laboratories that
are inconsistent with results obtained by Canadian public health laboratories. A number of private laboratories
may not be using sufficiently validated tests or interpretation criteria. The use of assays that do not have
adequately established accuracy and have not been sufficiently validated may result in the reporting of falsepositive results.
Some of these tests include capture assays for antigens in urine, immunofluorescence staining, cell sorting of
cell wall-deficient or cystic forms of B. burgdorferi, lymphocyte transformation tests (29) and a new culture
method for serum (30).
Currently, not following the two-tiered algorithm (e.g. by performing a Western blot alone or after the EIA is
negative) can increase the frequency of false-positive results. This in turn could lead to possible misdiagnosis
and unnecessary treatment (1). Clinicians should have an understanding of the current common misconceptions
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about LYME DISEASE(31) and know the best laboratory practices to diagnose it (1); this would facilitate
informed discussions with patients who have questions and concerns.

Future developments
As mentioned, there are a wide variety of diagnostic tests available to assist in the diagnosis of Lyme disease
(21, 32), and considerable debate exists concerning the accuracy and reliability of some of these tests (32–34).
At this time there is no single laboratory test that is 100% sensitive and specific for the confirmation of Lyme
disease. This is further complicated by the fact that not all individuals who are infected with B. burgdorferi
present in the same way. Improvements in diagnostic test platforms are a priority. The search for “biomarkers” of
Lyme disease that do not rely on serological response is ongoing (35). Variations of the two-tiered approach,
which typically reduce or eliminate the use of WBs, are being evaluated (36–39) and may help simplify test
interpretation and improve sensitivity in early Lyme disease.
One of the biggest challenges to evaluating new diagnostic approaches (40) in Canada is the lack of serum
panels or a collection of well-characterized samples from individuals with confirmed B. burgdorferi infection. It is
also imperative that we gain a full understanding of the genotypes of B. burgdorferi that are infecting Canadians
(41) and establish whether the diagnostic tests currently in use can detect all of them with comparable
sensitivity.
The Agency’s National Microbiology Laboratory plans to work with diagnostic laboratories across Canada to
review current Lyme disease diagnostic practices and quality assurance systems, and to evaluate the need for
enhanced internal and external proficiency testing. In the longer term, the Agency also plans to 1) review and
update the existing laboratory guidelines for Lyme disease, 2) determine and compare test performance
characteristics of all EIA and Western blot platforms currently in use in Canada, 3) evaluate “new” diagnostic
platforms on a high priority and ongoing basis and 4) initiate the process of development of a robust serum panel
for use in evaluation of new assays (42). This work will advance quality diagnostic testing for Lyme disease in
Canada.

Conclusion
The incidence of Lyme disease is increasing in Canada. In persons with erythema migrans rash and a reliable
history of exposure to blacklegged ticks, testing is not required and treatment can be started empirically. The
clinical assessment of patients in the disseminated phases of Lyme disease can be further supported by
laboratory testing.
At this time, there is no perfect laboratory test for Lyme disease; however, the two-tiered serological approach
provides the most sensitive and specific results to date. Improper use of serologic tests or the use of diagnostic
tests or interpretative criteria that have not been fully validated may lead to misdiagnosis and unnecessary
antibiotic treatment. Future efforts will focus on standardization of testing, and the development and evaluation of
new diagnostic approaches to optimize the detection of Lyme disease.
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