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Lyme disease, a multisystem infection primarily caused by 
Borrelia burgdorferi in North America and by Borrelia 
afzelii and Borrelia garinii in Europe and Asia,1,2 pro-

gresses in 3 stages: early localized stage, early disseminated stage 
and late disseminated stage.3 Cases of Lyme disease reported in 
Canada increased from 144 in 2009 to 992 in 2016, represent-
ing an increase from 0.4 to 2.7 per 100 000 population.4

In Quebec, Lyme disease has been notifiable since Novem-
ber 2003, with the first locally acquired case reported in 
2006.5,6 Reported cases of Lyme disease and the proportion of 
cases with acquired infection have increased each year.6 In 
2017, 329 cases were declared to the public health authorities 
in Quebec, including 249 (76%) acquired in that province, 
particularly in Estrie (n = 138, 55% of Quebec-acquired cases) 
and Montérégie (n = 75, 30% of Quebec-acquired cases).6

Despite the increase in cases, little is known about the 
management and clinical course of Lyme disease in Canada. 

Published evidence has focused on epidemiologic surveil-
lance, risk of acquisition and clinical case characteristics.7–9 
We aimed to describe case management of Lyme disease in 
acute care facilities in Quebec and adherence to the 2006 
guideline of the Infectious Diseases Society of America 
(IDSA).3 We assessed the clinical course of patients treated 
in Quebec and temporal changes in case severity from 2004 
to 2017.
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Background: Despite increases in cases of Lyme disease, little is known about the management and clinical course of the disease 
in Canada. We aimed to describe the management and clinical course of Lyme disease in patients treated in acute care facilities in 
Quebec and to assess adherence to the 2006 Infectious Diseases Society of America (IDSA) guideline.

Methods: This retrospective multicentre cohort study included pediatric and adult patients with serologically confirmed Lyme disease 
treated in acute care facilities (12 community hospitals and 2 tertiary care centres) of 2 endemic regions of Quebec (Estrie and Monté­
régie), from 2004 to 2017. We considered drug choice, prescribed dose and treatment duration in assessing adherence of prescrip­
tions to the 2006 IDSA guideline. The main outcome was complete resolution of symptoms at 3 months after the initiation of treatment.

Results: We included 272 patients from 14 institutions (age range 3–87 yr). Early disseminated Lyme disease (140 patients [51%]) 
was predominant. Adherence to the IDSA guideline was observed in 235 (90%) of the 261 cases with complete information, and 
adherence was stable over time (2004–2013: 57/64 [89%]; 2014–2015: 64/71 [90%]; 2016–2017: 114/126 [90%]; p = 0.8). Non­
adherence to the guideline (n = 26) was predominantly due to longer-than-recommended treatment duration (16/26 [62%]). Resolu­
tion of objective signs at 3 months after treatment initiation occurred in 265 (99%) of 267 patients, whereas post-treatment Lyme dis­
ease syndrome was observed in 27 patients (10%) with increasing incidence over time (2004–2013: 3/65 [5%]; 2014–2015: 4/73 
[5%]; 2016–2017: 20/129 [16%]; p = 0.02).

Interpretation: We observed clinical resolution of Lyme disease in 99% of the patients, and most treatments (90%) complied with the 
2006 IDSA guideline. The incidence of post-treatment Lyme disease syndrome increased over the study period, warranting further 
prospective studies. 
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Methods

Study design and setting
We conducted a retrospective cohort study in all 14 acute care 
facilities in the Estrie and Montérégie regions of Quebec, 
Canada, which in 2019 had populations of 489 479 and 
1 421 586, respectively.10 These regions account for most 
cases of Lyme disease in Quebec.11 These acute care facilities 
consist of 12 community hospitals and 2 tertiary care centres, 
which also receive transfers from outside these regions. This 
study was reported according to the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guideline checklist for cohort studies.12

Population
The study population consisted of all pediatric and adult 
patients with serologically confirmed Lyme disease as per the 
2-tiered testing algorithm currently used in Canada13 and 
treated (whether in emergency departments, as inpatients or 
as outpatients) in 1 of the 14 acute care facilities in the study 
regions. The 2-tier serologic testing algorithm involves an 
enzyme immunoassay followed, where appropriate, by confir-
matory Western blots using diagnostic kits licensed in Can-
ada. During the study period, all enzyme immunoassays were 
performed at the Quebec public health laboratory, with final 
confirmation by immunoblot at the National Microbiology 
Laboratory in Winnipeg. 

We excluded patients seen in the offices of primary care 
physicians, because their medical records were not available. 
We also excluded patients whose medical records were not 
available for other reasons or for whom the data needed for 
the study (e.g., clinical information needed to assess clinical 
stage) were incomplete.

Data sources
We examined patient charts at the 14 acute care centres. Six 
research assistants performed these chart reviews using a 
standardized data abstraction form (Appendix 1, available at 
www.cmajopen.ca/content/10/2/E570/suppl/DC1). This 
form was developed by 3 members of the research team 
(J.B.M., D.M., A.C.) after an initial review of the litera-
ture,1,3,5,7 and was pretested on 20 patients. All research assis-
tants were trained, and a data collection guide (Appendix 2, 
available at www.cmajopen.ca/content/10/2/E570/suppl/DC1) 
was developed to ensure accuracy in data collection. A primary 
care physician (J.B.M.) and a research coordinator (D.M.) with 
expertise in Lyme disease verified the completed forms before 
data entry. We did not assess inter-rater reliability.

We collected medical history data to calculate the Charl-
son Comorbidity Index,14 along with demographic, microbio-
logic and therapeutic data. We also recorded data on clinical 
signs and symptoms present before treatment and at 3 and 
12 months after the initial treatment. We also documented 
whether the patient had been referred to a specialist.

We extracted data on patients’ serologic status from a 
database at the Laboratoire de santé publique du Québec, 
where all results of serology testing for Lyme disease are 

centralized for the province of Quebec. Immunoblot results 
from the National Microbiology Laboratory in Winnipeg are 
also included in this database. We extracted these data by 
selecting cases with positive results on serology or poly-
merase chain reaction testing. We considered only patients 
living in the 2 regions of interest (Estrie and Montérégie). A 
clinical specialist in medical biology (K.T.) performed the 
data extraction. 

We also extracted data from the regional registries for 
notifiable diseases to assess potential changes in the propor-
tion of serologically confirmed cases of Lyme disease man-
aged in acute care facilities relative to those treated in com-
munity settings.

Outcomes
The main outcome was the proportion of patients with clin
ical resolution of Lyme disease at 90 days, defined as the 
complete disappearance of objective clinical signs found on 
physical examination (e.g., facial palsy, synovitis).3 We 
defined treatment failure as persistence of at least 1 objective 
sign 90 days after the initial treatment.3 We did not consider 
subjective symptoms, such as fatigue or arthralgia, in our 
evaluation of the primary outcome. The secondary outcome 
was the presence of post-treatment Lyme disease syndrome, 
defined as the presence of any of the following symptoms: 
widespread musculoskeletal pain, cognitive complaints, radic-
ular pain, paresthesia or dysesthesia.3 The symptoms also had 
to begin within 6 months after the initial diagnosis and treat-
ment of B. burgdorferi infection and had to persist for at least 
6 months.3

We formed an adjudication committee consisting of 1 pri-
mary care physician with expertise in Lyme disease (J.B.M.), 
2 infectious diseases fellows (S.B.D. and A.A.P.) and an infec-
tious disease consultant (A.C.), who independently assessed 
the clinical stage of each case of Lyme disease, adherence of 
the prescribed treatment to the IDSA guideline and the out-
comes; the infectious disease consultant also served as chair-
person of the committee. We defined clinical stages according 
to the IDSA guideline.3 In case of disagreements among adju-
dicators, consensus meetings were held for resolution.

We assessed the adherence of physician prescribing to the 
IDSA guideline according to the clinical stage of each patient, 
the treatment given, the drug dose and the treatment duration 
(Table 1). After reviewing the literature, we chose to compare 
the management of patients in our cohort to this guideline, 
issued in 2006, as it was used as a reference in North America, 
was relevant during most of our study period and was 
endorsed in 2019 by the Association of Medical Microbiology 
and Infectious Disease Canada.15 The 2006 guideline replaced 
the “Practice Guidelines for the Treatment of Lyme Disease” 
issued by IDSA in 2000.16 Because we wanted to document 
changes in practice, we assessed all cases in the study, includ-
ing those from 2004 and 2005, against the 2006 guideline, to 
ensure that all patients were assessed according to the same 
criteria. Nonadherence with any of the 3 criteria was consid-
ered to represent nonadherence of the physician’s prescrip-
tion to the guideline.
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To assess potential changes in the presentation of Lyme 
disease, we divided the overall study period into 3 periods 
according to the incidence of Lyme disease in Quebec: 
2004–2013, when incidence was low; 2014–2015, when inci-
dence was moderate; and 2016–2017, when incidence was 
high.6 These periods were chosen to ensure a similar num-
ber of cases in all periods. We used regional notifiable dis-
ease registries to assess potential changes in the proportion 
of serologically confirmed cases of Lyme disease managed in 
acute care facilities.

Statistical analysis
We double-entered the data into an electronic input tool 
(Research Electronic Data Capture [REDCap], Vanderbilt 
University) and analyzed them using Stata 15.1 for Mac (Stata-
Corp). We compared proportions of characteristics between 
study periods using the χ2 test or the Fisher exact test, as appro-
priate. We compared continuous variables using the Wilcoxon 
rank-sum test or the analysis of variance test, as appropriate.

Ethics approval
The institutional review board of the Centre intégré universi-
taire de santé et de services sociaux de l’Estrie – Centre hos-
pitalier universitaire de Sherbrooke approved this study (pro
ject MP-31–2020–3251).

Results

A flow chart detailing the study inclusion and exclusion steps 
is shown in Figure 1. Overall, we extracted 1114 positive 
results on serology or polymerase chain reaction tests (or 
both) from the public health laboratory database. Of these, 
316 patients lived in the Estrie and Montérégie regions and 
their care was managed in acute care facilities of these 
regions between 2004 and 2017. Among these patients, 272 
cases (86%) had complete medical records analyzed. Of 
these, 252 (93%) had acquired Lyme disease in North 
America and 3 in Europe; the acquisition site was unknown 
for 17 patients.

The baseline characteristics of the cases are summarized in 
Table 2. Most patients were male (169/272; 62%). Patients 
ranged in age from 3 to 87 years, with median age 51.5 years 
(interquartile range [IQR] 32.6–62.5). Most patients had no 
comorbidities, indicated by a Charlson score of 0 for 222 (82%) 
of the patients. Only 19 patients (7%) had substantial immuno-
suppression. To investigate potential selection bias, we com-
pared the included patients with those excluded because of 
incomplete data in terms of their baseline characteristics, but 
found no significant differences (Appendix 3, available at 
www.cmajopen.ca/content/10/2/E570/suppl/DC1).

Table 1: Summary of the 2006 Infectious Diseases Society of America guideline for treatment of Lyme disease3

Clinical stage Treatment and duration

Early localized (e.g., erythema migrans) First choice: doxycycline 100 mg PO BID, 10–21 d
First alternative: amoxicillin 500 mg PO TID, 14–21 d
Second alternative: cefuroxime axetil 500 mg PO TID, 14–21 d

Early disseminated

    MEM, first-degree AVB, facial paralysis Same as early localized stage

    Second- and third-degree AVB, meningitis First choice: ceftriaxone 2 g IV daily, 14–28 d
First alternative: penicillin G, 5 million units IV QID, 14–28 d
Second alternative: doxycycline 100 mg PO TID, 14–28 d

Late disseminated (first episode of arthritis or 
recurrent arthritis and chronic atrophic acrodermatitis)

First choice: doxycycline 100 mg PO BID, 28 d
First alternative: amoxicillin 500 mg PO QID, 28 d
Second alternative: penicillin G, 5 million units IV QID, 14–28 d
Third alternative: ceftriaxone 2 g IV daily, 14–28 d

Note: AVB = atrioventricular block, BID = twice per day, IV = intravenous, MEM = multiple erythema migrans, PO = by mouth, QID = 4 times per day, TID = 3 times per day.

• Provincial public health laboratory, Lyme disease database
• Positive, according to serologic and/or PCR testing
• Living in Estrie or Montérégie (Quebec)

n = 614

Excluded  n = 298
• Management in primary 
  care physician office 

Management in acute care facilities of Estrie or Montérégie
n = 316

Chart incomplete  n = 44

Patients included (chart complete)
n = 272 

Lost to follow-up  n = 5

Patients with outcome information
n = 267

Figure 1: Study flowchart. Note: PCR = polymerase chain reaction.
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The early disseminated stage of Lyme disease (n = 140; 51%) 
predominated in our cohort, followed by the localized early 
stage (n = 90; 33%) and late disseminated stage (n = 42; 15%). 
Of the 140 patients with the early disseminated stage, 88 (63%) 
had multiple erythema migrans, 40 (29%) had facial palsy, 
30 (21%) had meningitis and 9 (6%) had radiculopathy. Among 
these patients, cardiac involvement was in the form of carditis 
(n  = 8; 6%), first-degree atrioventricular block (n = 4; 3%), 
second-degree atrioventricular block (n = 3; 2%) and third-
degree atrioventricular block (n = 4; 3%). Among cases of the 
late disseminated stage, most patients (41/42; 98%) had arthritis.

A minority of the 272 patients received care from primary 
care or emergency physicians only (n = 50; 18%); 193 (71%) 
were referred to infectious disease specialists, and 17 (6%) 
were referred to neurologists. Forty-eight patients required 
hospitalization related to Lyme disease within 3 months of 

diagnosis, with a median duration of 4 (IQR 1–7) days, 
including 7 patients admitted to an intensive care unit 
(median duration 1 [IQR 1–4] d). One death unrelated to 
Lyme disease occurred, at 589 days after diagnosis.

Treatment and adherence to the IDSA guideline
Antimicrobial treatment included doxycycline (n = 171; 63%), 
amoxicillin or amoxicillin–clavulanic acid (n = 39; 14%) and 
ceftriaxone (n = 46; 17%). Antibiotic treatment was started 
before the final immunoblot result was issued in 216 patients 
(79%) and after the final immunoblot result was issued in the 
remaining 56 patients (21%). Most patients stated that they had 
completed the prescribed treatment regimen (258/266; 97%).

We assessed adherence of the physician’s prescription to the 
IDSA guideline for the 261 (96%) patients for whom complete 
information on the antibiotic treatment regimen was available. 

Table 2: Characteristics of patients with Lyme disease according to study periods

Period; no. (%) of patients

Characteristic
2004–2013

n = 66
2014–2015 

n = 74
2016–2017 

n = 132
Total 

n = 272 p value

Age, yr, median (IQR) 50 (31.6–63.2) 47.8 (28.9–59.6) 53.3 (35.5–64.2) 51.5 (32.6–62.5) 0.2*

Age, yr 0.6†

    < 18 10 (15) 12 (16) 17 (13) 39 (14)

    18–64 41 (62) 50 (68) 80 (61) 171 (63)

    ≥ 65 15 (23) 12 (16) 35 (27) 62 (23)

Sex 0.2†

    Female 28 (42) 22 (30) 53 (40) 103 (38) 

    Male 38 (58) 52 (70) 79 (60) 169 (62) 

Charlson Comorbidity Index 0.2‡

    0 55 (83) 60 (81) 107 (81) 222 (82)

    1–2 10 (15) 13 (18) 15 (11) 38 (14)

    ≥ 3 1 (2) 1 (1) 10 (8) 12 (4)

Clinical stage 0.5†

    Early localized 17 (26) 26 (35) 47 (36) 90 (33) 

    Early disseminated 41 (62) 34 (46) 65 (49) 140 (51)

    Late disseminated 8 (12) 14 (19) 20 (15) 42 (15)

Adherence to IDSA recommendations 57/64 (89) 64/71 (90) 114/126 (90) 235/261 (90) 0.9†

Hospital admission 15 (23) 16 (22) 17 (13) 48 (18) 0.1†

Time to first consultation, d, median (IQR) 7 (2–21) 4 (1–10) 3.5 (0–11) 4 (1–13) 0.3*

Time between first symptom and treatment 
initiation, d, median (IQR)

18.5 (9–34) 17 (4–35) 12 (4–33) 15 (5–35) 0.2*

Time between serology sampling and 
Western blot result, d, median (IQR)

37.5 (29–47) 38.5 (30.5–42.5) 39 (34–43) 39 (33–43) > 0.9*

Referral to specialist physician 59 (89) 60 (81) 103 (78) 222 (82) 0.06†

Resolution of objective clinical signs 65/65 (100) 72/73 (99) 128/129 (99) 265/267 (99) 0.7†

Post-treatment Lyme disease syndrome 3/65 (5) 4/73 (5) 20/129 (16) 27/267 (10) 0.02†

Note: IDSA = Infectious Diseases Society of America, IQR = interquartile range.
*Analysis of variance.
†Student t test.
‡Fisher exact test.
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Of these patients, 235 (90%) received a treatment supported by 
the IDSA guideline. Nonadherence of the physician’s prescrip-
tion to the guideline was due to a longer-than-recommended 
(16/26; 62%) or shorter-than-recommended (8/26; 31%) treat-
ment duration, use of a nonsupported antimicrobial (8/26; 
31%) or use of an antimicrobial dosage lower than suggested 
by the guideline (1/26; 4%), with some prescriptions having 
more than 1 problem. Among patients with a longer-than-
recommended treatment duration, the median treatment dura-
tion was 28 (IQR 27–30) days, in contrast to 20 days among 
patients with the guideline-recommended treatment duration.

Outcome assessment
Of the 272 patients included in the study, 5 were lost to 
follow-up; as such, the medical charts had enough data to 
allow assessment of primary and secondary outcomes for 267 
(98%) of the patients. We observed complete resolution of 
objective signs of infection in 265 (99%) of these 267 patients 
at 90 days. We documented post-treatment Lyme disease 

syndrome in 27 patients (10%). Factors associated with this 
syndrome in univariate analyses are shown in Table 3. 

Temporal changes in characteristics, treatment and 
outcomes
To investigate temporal changes in the presentation of Lyme 
disease further, we compared the characteristics of cases diag-
nosed between 2004 and 2013 (low-incidence period; n = 66), 
in 2014 and 2015 (moderate-incidence period; n = 74), and in 
2016 and 2017 (high-incidence period; n = 132) (Table 2). 

Among all patients in the regional registries with a posi-
tive result, the proportion seen in acute care facilities 
(v. community settings) decreased significantly over the study 
period (2004–2013: 66/122, 54%; 2014–2015: 74/181, 41%; 
2016–2017: 132/358, 37%; p < 0.001). Adherence to the 
IDSA guideline remained stable over time. There was a sig-
nificant increase over the 3 incidence periods in the propor-
tion of patients with development of post-treatment Lyme 
disease syndrome (p for trend = 0.02). 

Table 3: Characteristics of patients with and without post-treatment Lyme disease syndrome (PTLDS)

Group; no. (%) of patients

Risk factor
With PTLDS 

 n = 27
No PTLDS 

 n = 240
Crude odds ratio

(95% CI)

Age, yr

    < 18 2 (7) 37 (15) 1.0 (ref.)

    18–64 21 (78) 145 (60) 2.7 (0.6–11.9)

    ≥ 65 4 (15) 58 (24) 1.3 (0.2–7.5)

Sex

    Female 8 (30) 94 (39) 1.0 (ref.)

    Male 19 (70) 146 (61) 0.7 (0.3–1.6)

Symptoms upon presentation

    Arthralgia 16 (59) 70 (29) 3.5 (1.6–7.9)

    Headache 19 (70) 126 (52) 2.2 (0.9–5.1)

    Myalgias 13 (48) 100 (42) 1.3 (0.6–2.9)

    Fatigue 19 (70) 138 (58) 1.8 (0.7–4.2)

    Insomnia 5 (19) 30 (12) 1.6 (0.6–4.5)*

    Tremor 4 (15) 5 (2) 8.2 (2.1–32.6)*

    Paresthesias 7 (26) 32 (13) 2.3 (0.9–5.8)*

    Difficulty concentrating 4 (15) 8 (3) 5.1 (1.4–18.1)*

Clinical stage

    Early localized 6 (22) 84 (35) 1.0 (ref.)

    Early disseminated 15 (56) 121 (50) 1.7 (0.7–7.9)

    Late disseminated 6 (22) 35 (15) 2.4 (0.6–4.7)

Study period

    2004–2013 3 (11) 62 (26) 1.0 (ref.)

    2014–2015 4 (15) 69 (29) 1.2 (0.3–5.6)

    2016–2017 20 (74) 109 (45) 3.8 (1.1–13.4)*

Note: CI = confidence interval, ref. = reference category.
*Fisher exact test.
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Interpretation

Most patients with Lyme disease who were treated in 14 acute 
care institutions of 2 endemic regions of Quebec and who experi-
enced complete resolution of objective clinical signs following 
their treatment had received antimicrobial therapy in accordance 
with the IDSA guideline. Given that our sample included all acute 
care institutions within these 2 regions, we were able to assess 
most of the more severe cases encountered within these regions. 

These results are reassuring, in a context where concerns 
about the management of Lyme disease have recently been 
raised at the public and political levels in Quebec.17

In more than 99% of cases in our study, the clinical signs 
completely disappeared within 3 months (90 days) of treatment 
initiation. Our results are similar to those of 2 other studies 
conducted in North America, which showed complete 
resolution of clinical signs in 99.3%18 and 90%19 of patients. 
Therefore, the treatment applied seems effective in eliminating 
incapacitating clinical signs, such as Bell palsy. However, other 
studies conducted in pediatric and adult patients have found 
lower rates of clinical resolution.20,21 This discrepancy may be 
explained by the fact that these latter studies included mainly 
cases of Lyme arthritis, whereas in our study the proportion of 
patients with arthritis was only 15% (41/272).

Although most patients in our study responded very well to 
treatment, 10% of the patients experienced post-treatment 
Lyme disease syndrome. These results are in line with other 
studies, which have reported similar proportions of patients 
with this syndrome.18,19,22 They also underline the necessity of 
conducting prospective studies to gain a better understanding 
of both the causes and treatment options for patients with 
post-treatment Lyme disease syndrome, a condition that is 
distressing for affected patients.23

Since 2004, the turnaround time for diagnosis of Lyme 
disease in Quebec has remained stable, at almost 40 days. For 
many years, most provincial public health or hospital labora-
tories have performed enzyme immunoassay testing locally, 
while immunoblot testing was performed at the National 
Microbiology Laboratory in Winnipeg. The implementation 
of immunoblot testing in provincial public health laboratories 
might help to decrease these turnaround times. The imple-
mentation of a modified 2-tier test system, in which a second 
enzyme immunoassay is used, instead of the traditional 
immunoblot, might also result in diagnostic improvements in 
the sensitivity of testing for Lyme disease.24

We observed overall adherence of 90% to the IDSA 
guideline for treatment of Lyme disease, lower than adher-
ence rates previously published in other contexts. For exam-
ple, an adherence rate of 100% was reported for a small sam-
ple of patients with erythema migrans; however, in that 
study, the criteria for guideline adherence were not specified, 
and treatment information was available for only 25% of the 
reported cases.25 Another study conducted in a hyper
endemic area of Wisconsin showed treatment adherence 
with IDSA recommendations in 99.9% of cases,19 but it 
included only cases of early-stage Lyme disease. Further-
more, the only criterion employed for comparing treatment 

with the IDSA guideline was the type of antimicrobial used. 
We considered more stringent comparison criteria, whereby 
treatments deemed adequate had to involve the right mole-
cule, at the right dosage, for an adequate duration, which 
might explain our lower adherence rate. 

Our population was restricted to patients receiving care in 
acute care facilities, which might have reflected more complex 
cases than those seen in primary care practices. In cases of 
nonadherence to the IDSA guideline, the main reason identi-
fied was a longer treatment duration. Given that prolonged 
antimicrobial therapy for the treatment of Lyme disease has 
not shown greater efficacy than shorter-duration regi-
mens,2,18,26 it is important to educate clinicians about the dan-
gers of prolonged treatment, which may lead to significant 
risks, such as Clostridioides difficile colitis.27 The 2020 IDSA 
guideline also emphasized reducing as much as possible the 
duration of antibiotic therapy to reduce potential antibiotic-
associated complications.28

We found that the proportion of patients with serologically 
confirmed Lyme disease who were managed in acute care facil-
ities, a complex population, decreased significantly over time in 
the regions we studied. Studies in North America have found a 
gradual increase in the proportion of cases in the early local-
ized stage, which consequently implies a gradual decrease in 
the proportion of cases with severe Lyme disease.7,29–31 Over 
time, clinicians are becoming more familiar with Lyme disease 
and hence can diagnose and treat the disease early, thus pre-
venting the passage to more advanced stages.

Limitations
The main limitation of our study was its retrospective nature, 
which could introduce information bias. We minimized this 
type of bias by involving specialized research assistants who 
ensured complete data collection. 

A total of 44 patients were excluded from the analysis 
because of incomplete information in the chart. Given that we 
did not have access to clinical information for these patients, 
we could not assess the potential bias that might have been 
introduced by these exclusions. However, the demographic 
characteristics of the included and excluded patients were sim-
ilar, so we believe it is unlikely that this caused selection bias. 

We had limited power to confirm several indicators of 
increasing awareness and familiarity with Lyme disease in 
both patients (decreasing time to the first consultation) and 
clinicians (decreasing time between first symptoms and treat-
ment initiation). Also, we could not perform multivariable 
modelling regarding risk factors for post-treatment Lyme dis-
ease syndrome because of an insufficient number of events.

For purposes of our analysis, we assessed the earliest cases 
in this study against guideline recommendations that had not 
yet been published at the time the patients received care.

Conclusion
In this retrospective multicentre cohort study in 2 endemic 
regions of Quebec, we observed resolution of the objective 
signs of Lyme disease in most patients and found that most 
treatments were adherent with the 2006 IDSA guideline. We 
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have also described the emergence of post-treatment Lyme 
disease syndrome, a finding that warrants further investigation 
in prospective studies.
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