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Abstract

Context: Environmental changes will foster the spread of Ixodes scapularis ticks and increase
the incidence of Lyme disease in Québec in the coming years. The objective of this study is to
estimate the epidemiological and clinical burden and part of the current economic burden of
Lyme disease in Québec and to estimate the number of cases expected by 2050.

Methods: Cases of Lyme disease reported in Québec from 2015 to 2019 were used to describe

their demographic, geographical and clinical characteristics and the cost of their initial care.
Three incidence rate scenarios were then developed to estimate the number of cases expected
by 2050, based on demographic and climate projections.

Results: From 2016 to 2019, 1,473 cases of Lyme disease were reported in Québec. Over
90% of those cases were acquired in two regions of southern Québec (Estrie and Montérégie),
while the individuals infected were residents from all over Québec. The average age of cases
is 44 years and 66% of infections were at the localized stage, the first stage of Lyme disease.
The cost of initial care is estimated at an average of $182 CAN per patient ($47 CAN at the
localized stage and $443 CAN at the disseminated stage). According to projections, over 95%
of the Québec population will live in a climate zone conducive to the establishment of ticks by
2050, with a number of cases acquired in Québec being 1.3 to 14.5 times higher than in 2019,
depending on the incidence rate scenario used.

Conclusion: The epidemiological burden is concentrated primarily in southern Québec, but the

clinical and economic burden is already distributed throughout the province. The projections for
2050 should help the regions of Québec adapt and optimize public health protection measures.
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Introduction

Cases of Lyme disease have been on the rise for several
years in Québec, as in the rest of Canada (1). This trend is
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disseminated stage, with systemic, neurological or cardiac
symptoms; and the late disseminated stage, characterized

expected to continue with expected climate and environmental
changes (2). However, the burden of Lyme disease, namely its
epidemiological, clinical and economic characteristics (3), is still
poorly documented in Québec.

Lyme disease, caused by the bacterium Borrelia burgdorferi,
is transmitted by the Ixodes scapularis tick in eastern North
America. The infection evolves in three clinical stages: the
localized stage, characterized by erythema migrans; the early

primarily by Lyme arthritis (4). Rising temperatures linked to
climate and environmental change are expected to favour the
survival of tick populations, extend tick activity over the year
and foster the establishment of tick populations in new
geographic areas, at the same time as there is an increase in the
distribution area of hosts such as the white-tailed deer or white
footed mice (2). As a result, the season and zone for human
exposure to ticks, and thus the incidence of Lyme disease in
Québec, is expected to increase over time.
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Lyme disease has been a notifiable disease (ND) in Québec
since 2003 (1). The demographic and geographic characteristics
of cases are published annually by the Institut national de

santé publique du Québec and the Ministére de la Santé et

des Services sociaux (1,5). Several studies have described the
clinical picture of Lyme disease, but only for some regions of
Québec (6-14). Some costs associated with Lyme disease have
been assessed in Ontario (15) and the United States (16-20), but
their results cannot be transposed directly to Québec due to
differences in healthcare systems. To our knowledge, only two
studies have estimated the number of cases and the anticipated
costs based on climate change (21,22). The most recent study,
conducted by the Canadian Institute for Climate Choices (CICC),
estimates that there will be 8,500 new cases of Lyme disease
each year in Canada by the middle of the century (3,000 in
Québec), for an annual cost of $3M in health expenditures (22).
However, those studies are not based on surveillance data from
Québec, which limits their interpretation.

Our study describes the current burden of Lyme disease in
Québec, from an epidemiological and clinical perspective,

based on human surveillance data. Exposure to ticks was

also considered to have a broader view of the burden for the
province, based on acarological surveillance data. Moreover, to
add an economic dimension to the burden, the direct cost to the
healthcare system for initial care and hospitalization of cases was
calculated. Finally, the number of expected cases by 2050 was
also estimated, taking into account various demographic, climate
and incidence rate scenarios.

Methods
Data source

Human cases of Lyme disease

Human cases of Lyme disease reported in Québec by

physicians or laboratories between January 1, 2015, and
December 31, 2019, were extracted from the registry of NDs (1).
As the ND does not include clinical data for our study period,
that data was found in the reports available from the public
health departments (Direction de santé publique [DSPu]) in Estrie
(n=105 cases in 2017), Montérégie (n=231 cases in 2016-2018)
and Montréal (n=69 cases in 2016-2017). These reports present
some results from epidemiological investigations of cases
reported between 2016 and 2018 (8-11,23,24), such as stage
and clinical signs, proportion of cases hospitalized and length of
hospitalization. Data published by Musonera et al., (14), analyzing
the medical records of cases reported and treated at a hospital
in Estrie and Montérégie between 2004 and 2017 (n=272), were
also considered in estimating some clinical criteria not available
in the ND (proportion of cases by clinical stage, proportion of
cases hospitalized and length of hospitalization).

Page 447 CCDR e October 2023 ¢ Vol. 49 No. 10

Exposure to Ixodes scapularis ticks

Data on the people who reported an I. scapularis tick in Québec
between January 1, 2015, and December 31, 2019, is from

the passive acarological surveillance program managed by the
Laboratoire de santé publique du Québec (1). That laboratory
receives and identifies ticks collected from humans that are
voluntarily submitted by physicians. The I. scapularis ticks are
then sent to the National Microbiology Laboratory to check for
the presence of B. burgdorferi and other pathogens (1). To be
sure of the tick exposure location, people who have travelled
outside their home municipality in the 14 days prior to the bite
and those whose travel history was unknown were excluded from
the geographic analyses.

Cost of initial care and hospitalization

Only the direct costs to the healthcare system, i.e. the cost

of initial care for the case (consultation and treatment) and
hospitalizations, were considered in this study. The cost of initial
care of a case is based on the cost of medical consultations

in Québec published by the Régie de I'assurance maladie

du Québec (RAMQ) (25,26) and the cost of initial treatment
published by the Institut national d’excellence en santé et en
services sociaux (INESSS) (27). The cost of hospitalizations is
based on data for Québec from the Canadian Institute for Health
Information (28).

Demographic projections

The current population of Québec was estimated based on the
2016 census (29). The projections are from the demographic
trends published by the Institut de la statistique du Québec,
with a moderate scenario, a low scenario and a high scenario,
to estimate the possible evolution of Québec’s population by
2050 (30).

Climate projections

Temperature is a significant factor in the establishment of

tick populations (31-39). The threshold of 2,800 degree-days
(dd) >0°C over a year was validated in several studies as an
indicator of areas where I. scapularis ticks can survive in Québec
(32,40) and was used as an indicator in our study. The annual
accumulation of >0°C dd between 2009 and 2100 (average:
over 30 years) for all of Québec (10 km x 10 km grid) is from the
Climate Data portal (41), for greenhouse gas emission scenarios
RCP 4.5 (moderate emissions scenario) and RCP 8.5 (high
emissions scenario).

Analyses

Epidemiological and clinical portrait

The epidemiological portrait looked at all cases of Lyme disease
reported in Québec in the ND and all persons who reported a
tick to the surveillance program between 2015 and 2019, that is,
the number of cases by age, sex, likely region of acquisition or


https://climatedata.ca/

exposure to ticks, region of residence and month in which the
first symptoms appeared or of exposure to ticks.

To prepare a clinical portrait of cases reported during our
study period, the data published by the DSPu (8-11,13,23,24)
and by Musonera et al. (14,42) for the Estrie, Montérégie and
Montréal regions were used. The average percentages of
cases by stage and clinical signs was estimated based on these
data, and the percentages were related to all cases reported
in Québec between 2015 and 2019 to estimate the number

of cases by stage and clinical signs during our study period.
Chi-squared tests (p-value=0.05) were conducted in R software
(R version 4.0.2) to compare categorical variables. The cases
reported and the persons who reported a tick to passive
surveillance were mapped by likely region of acquisition or
exposure using QGIS (version 3.14.1).

Cost of initial care and hospitalization

The cost of care was calculated by reported case and by clinical
stage. Initial care includes the first medical consultation with

a physician and the initial treatment prescribed based on the
clinical signs. At the localized stage, a consultation with a general
practitioner is recorded, while consultations are recorded at the
disseminated stage with a general practitioner and for a visit and
follow-up with a specialist. The initial treatment considered is the
treatment recommended by INESSS (27). Two studies indicate
that the prescribed treatment in Québec is appropriate in over
85% of cases (14,24). The cost of hospitalizations was estimated
separately taking into account the average length and the cost of
a stay.

Projected number of cases expected by 2050
All municipalities in Québec were ranked as favourable or
unfavourable to the establishment of ticks based on the
threshold of 2,800 dd in 2019 and by 2050, to estimate the
favourable area for establishment of tick populations and

its growth over time. Degree-days were calculated for each
municipality by determining the average dds in the area based
on observations in 2019 (average: 2015-2019) and based on
projections for 2050 (average: 2014-2071) for RCPs 4.5 and 8.5.

The average incidence rates were then calculated in the area
favourable to the establishment of ticks (>2,800 dd) and outside
that area (<2,800 dd) for the reference year 2019 (year with the
highest incidence rate in our study period) as follows: number
of cases reported in the area/number of residents in the area.
Finally, three incidence rate scenarios were considered to
account for the possible evolution by 2050: Scenario 1 (stable
incidence rate): the incidence rates remain similar to those
calculated in 2019 inside and outside the area favourable to
the establishment of ticks; Scenario 2 (higher incidence rate

in one region): the incidence rates remain similar to those
calculated in 2019, except in the Estrie region, which is the
region with the highest incidence rate in 2015-2019; for that
region, the incidence rate calculated in that region in 2019

is used; Scenario 3 (high incidence rates): the incidence rate
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in Estrie calculated in 2019 is applied to all areas favourable

to the establishment of ticks by 2050. These incidence rates
made it possible to calculate the number of cases expected
based on demographic projections for Québec. Finally, the
analyses conducted combine two climate scenarios (RCP 4.5 and
RCP 8.5), three demographic scenarios (moderate, low and high)
and three incidence rate scenarios (stable, higher in one region,
high) for a total of 18 scenarios. The direct costs for healthcare
expenditures for the 2050 horizon were calculated by correlating
the number of cases expected in 2050 to the cost per patient
estimated in 2019.

Results
Epidemiology

Incidence rate and demographic characteristics

Between 2015 and 2019, 1,473 cases of Lyme disease were
reported in Québec, giving an average incidence rate of

3.58 cases/100,000 inhabitants for the period for the entire
province. Men represented 58% of cases reported and the
average age is 44 years (range: <1 year—89 years, median:

48 years) (Table 1). The distribution by age is bimodal: 0 to

9 years represents 10% of cases and 50 to 69 years represents
39% of cases. Distribution by age group is similar among men
and women (p=0.35).

The demographic characteristics are similar for the

6,392 individuals who reported ticks to the passive surveillance
program between 2015 and 2019. Of those individuals, 57%
were men and the average age was 39 years (range: <1 year to
93 years, median 42 years). The distribution by age is bimodal: 0
to 9 years represents 18% of cases and 50 to 69 years represents
35% of cases. This distribution is similar among men and women
(p=0.08).

Likely region of acquisition or exposure

A total of 74% of reported cases acquired their infection in
Québec, primarily in the south of the province: 58% in Estrie and
34% in Montérégie (Table 1 and Figure 1). The incidence rate

is below 6 cases/100,000 inhabitants for all regions of Québec,
except Estrie, which averaged 35 cases/100,000 inhabitants for
2015-2019. Despite a large number of cases, the incidence rate
in Montérégie is relatively low (5 cases/100,000 inhabitants),
mainly due to the size of the region’s population. Of the cases
acquired outside Québec, 52% were acquired in the United
States (state not specified).

The geographic distribution of individuals who reported a tick to
the passive surveillance program is larger than that of acquisition
of Lyme disease (Figure 1). People reported ticks in all regions of
Québec, except Nord-du-Québec. Terres-Cries-de-la-Baie-James
and Nunavik. More people reported ticks in southern Québec
(29% in Estrie, 23% in Montérégie and 13% in Outaouais).
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Table 1: Epidemiological characteristics of cases of Lyme Figure 1: Likely location of acquisition of reported cases
disease reported in Québec, 2015-2019 of Lyme disease and exposure of persons who reported

| Reportedcases | n | % a tick, Québec, 2015-2019
oy ; & ,\5

Number of cases (n=1,473) @

%

Acquired in Québec 1,098 74% 7 o %’

Acquired outside Québec 334 23% ot s L,

Unknown 41 3% 7

Age group (years) (n=1,473)

0-9 144 10%

10-19 139 9%

20-29 96 7%

30-39 171 12%

40-49 198 13%

50-59 281 19% Thme |
60-69 300 20% e
70-79 126 9% 0 lzf o @
80-89 18 1%

Sex (n=1,469) . .
Region of residence

Male 858 58%
Female 611 42% | The region of residence of the case may be different from the
Likely location of acquisition outside Québec (n=334) region where the disease was acquired. Between 2015 and
United States 174 52% | 2019, Lyme disease affected residents in all regions of Québec,
Other province of Canada 94 28% | except Nunavik and Terres-Cries-de-la-Baies-James. Of the
reported cases, 37% lived in Estrie, 30% in Montérégie and 16%
Europe 49 15% ; 4 i
in Montréal (Table 1). The other regions account for less than
Other 17 5%

60 cases among their residents.

Likely location of acquisition inside Québec (n=1,025)

Estrie 590 58% | On average, cases acquired in the person’s region of residence
Montérégie 352 34% | represent 85% of cases reported and acquired in Québec (59%
of all reported cases), but there continue to be significant
variations between regions. For Montérégie and Estrie, most
cases are acquired in their region of residence (73% and 90%

Mauricie-et-Centre-du-Québec, Outaouais, 78 8%
Lanaudiére, Laurentides, Laval, Montréal °

Capitale—NationaI.e, Chaudié[e—AppaIaches, 5 <1% } i ) ) g
Saguenay-Lac-Saint-Jean, Céte-Nord respectively), while that figure is only 1% for Montréal. Most
Abitibi-Témiscamingue, Gaspésielles-de- cases reported in Montréal are acquired in another region of
Ia-MadeIeine, Bas-Saint-Laurent, Nord-du- 0 0% Québec (40%, mostly in Estrie and Montérégie) or outside
Québec Québec (53%).

Cases acquired in Québec in a known region (n=1,025)

Acquired in region of residence 875 Seasonality

Region of residence (n=1,473) Qases of Lyme disease can occur throughout the year. Howeyer,
in at least three of four cases (77%), the onset of symptoms is

1 (o)
Estrie 548 37% | between June and August, with a peak in July (39% of cases)
Montérégie 436 29% (Figure 2).
Montréal 229 16%
Mauricie et Centre-du-Québec, Outaouais, 230 16% | Ticks are also reported to the surveillance program throughout
Lanaudiére, Laurentides, Laval . o . X
the year, with 60% of people reporting between April and July

gap'tale'NEt'ogal,elt(jha“d;B‘fre?PptalLaCheS't 21 1% | (peak in May) and 35% between October and November (peak

aglfeha%/— .ac- a.m ~ean as’- .alrl —auren in October) (Figure 2). People mainly reported adult ticks (92%
Abitibi-Témiscamingue, Gaspésielles-de-la- 9 <1% | of ticks reported), and 19% of ticks analyzed were infected with

Madeleine, Cote-Nord, Nord du Québec

B. burgdorferi.
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Figure 2: Month of onset of symptoms in reported
cases of Lyme disease and reported tick bites, Québec,
2015-2019
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Table 2: Clinical characteristics of cases of Lyme disease
reported in Québec, 2015-2019

Cases reported 2015-2019 — %

Time between onset of symptoms and reporting of the case

Clinical characteristics

Reporting of cases

Over the period of 2015-2019, cases were reported on average
60 days after the onset of the first symptoms (median: 36 days;
standard deviation: 124 days). Only 32% of cases were reported
directly by a physician and not by a laboratory following a
diagnostic test (Table 2).

Clinical signs and stages

To prepare a clinical portrait of the 1,473 cases, the data
provided by the DSPu (n=405 cases) and Musonera et al., (14)
(n=272 cases) were used. On average, 66% of cases of Lyme
disease are at the localized stage, and 34% at the disseminated
stage when reported (Table 2).

For all cases, 65% present typical erythema migrans and 22%
multiple erythema. The most commonly cited general symptoms
are fatigue (34%), fever (29%), arthralgia (29%), headaches (28%)
and myalgia (25%). There were neurological symptoms in 25% of
cases, cardiac symptoms in 3% of cases and Lyme arthritis in 11%
of cases (Table 2). One person can present multiple symptoms.

Hospitalization

According to data reported by the DSPu and Musonera et al.,
(14), an average of 7% of reported cases required short-term
hospitalization (1-4 days), or 103 cases over our study period.

Evolution and death

The ND indicates recovery (improvement or disappearance of
clinical signs) at the time of the epidemiological investigation for
71% of cases and after-effects for 1% of cases. No deaths were
reported in the ND for our study period.

(n=1,329)°

Clinical stages (n=1,473)*

<1 month 609 46%
1-3 months 564 42%
>3 months 156 12%
Case reported (n=1,473)?

By a physician 477 32%
By a laboratory 996 68%

Localized 972 66%
Disseminated 501 34%
Early 398 27%
Late 103 7%
Clinical signs (n=1,473)<

General

Fever 427 29%
Fatigue 501 34%
Headache 412 28%
Typical erythema migrans 957 65%
Multiple erythema migrans 324 22%
Acrodermatitis chronica atrophicans 0 0%

Musculoskeletal

Neurological

Myalgia 368 25%
Arthralgia 427 29%
Arthritis 162 1%

Cardiac

Stiff neck 162 1%
Facial paralysis 118 8%
Radiculopathy 15 1%
Meningitis 74 5%

Heart rate disorder 15 1%
Atrioventricular block (AV block)? 29 2%
Carditis 15 1%
Evolution at time of investigation (n=1,473)*

Recovery 1046 71%
After-effects 20 1%
Unknown 407 28%
Hospitalization (n=1,473)

1-4 days 103 7%

2 Estimation of the number and percentage based on the register of notifiable diseases (ND)

n=1,473)

b Estimation of the percentage based on data available from public health departments (DSPu)

8-11,23,24) and Musonera et al. (14,42), and extrapolation to 1,473 cases to estimate the

number of cases per stage and clinical sign and the number of hospitalizations

< One person can present several symptoms

9 Atrioventricular blocks (AV blocks): 0.6% of 1 degree AV blocks, 1% 2™ and 3" degree

AV blocks
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Cost of initial care and hospitalization

Initial care

For a case at the localized stage, the cost of initial care
(consultation and treatment) is estimated at $47 CAN ($31-

$63 CAN). For a case at the disseminated stage, that cost is
estimated at $443 CAN ($172-$714 CAN depending on the
clinical signs). Applied to all cases, initial care costs an average of
$182 CAN per case ($979-$284 CAN) (Table 3).

For the 1,473 cases reported during the period of 2015-2019,
the cost would be $267,541 CAN ($116,440-$418,627 CAN) over
5 years, or $53,508 CAN per year ($23,288-$83,725 CAN). Cases
at the disseminated stage represent 34% of cases reported, but
83% of the cost of treating cases (Table 3).

Hospitalization

The estimated 103 hospitalizations represent a cost of
$589,200 CAN for 2015-2019, or an average of $117,840 CAN/
year (Table 3).

Projections for 2050

Québec’s population is expected to increase from approximately
8,460,000 in 2019 to approximately 9,550,000 by 2050, an
average increase of 13% based on the moderate demographic
scenario (low scenario: 8,230,000 inhabitants [-3%], high
scenario: 10,8550 000 inhabitants [+28%]) (Table 4).

Figure 3 shows that the current climate limits the extent of the
area favourable to the establishment of ticks in the southernmost
part of Québec. With rising temperatures resulting from
increased greenhouse gas emissions, the climate is becoming
favourable in almost all inhabited areas in Québec. By 2050, 96%
to 98% (RCP 4.5 and 8.5) of Québec's population will live in the
climate zone favourable to the establishment of tick populations,
compared with 73% in 2019 (Table 4 and Figure 3).

Figure 3: Municipalities located in the climate zone
favourable to the establishment of ticks based on the
climate scenarios, Québec, 2019 and 2050

N5
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Table 3: Cost of initial care of reported cases of Lyme disease by clinical stage, Québec, 2015-2019

Québec, Cost per case (CANS$) Cost 2015-2019 (CANS)
2015-2019

Cost per year (CAN$)

[Rvaragel| i | x| Averoge | M| Moo Lavarage | | tvax |

. 972;
Localized stage (66%) 31.14 62.66

General practitioner

45,586.80;
(17%)

30,268.08  60,905.52 9,117.36  6,053,61 12,181.10

to clinical signs®

1,473;
Total 2015-2019 (100%)
Hospitalizati 103;
ospitalization (7%) 2,000.00 | 1,000.00 | 4,000.00

267,540.99;
(100%)

206,000.00

rac 972 32.84 19.42 46.25| 31,920.48 | 18,876.24| 44,955.00| 6,384.10| 3,775.25| 8,991.00
consultation
Doxycycline
200 mg, 1/day, 972 14.07 11.72 16.41| 13,676.04| 11,391.84| 15950.52| 2,735.21| 2,278.37| 3,190.10
10-14 days®
Disseminated stage 222'02;2;,;; 86,212.08 357,839.25 44,405.63 17,242.41 71,567.85
General practitioner 501 32.84 19.42 46.25 | 16,452.84 9,729.42 | 23,171.25| 3,290.57 | 1,945.88 | 4,634.25
consultation?
Consultation + 501 148.76 | 136.25| 16127 | 74,528.76| 68,261.25| 80,796.27 | 14,905.75| 13,652.25| 16,159.25
specialist follow-up?
Treatment according 501 261.57 16.41| 50673 | 131,046.57 8,221.41 | 253,871.73 | 26,209.31| 1,644.28| 50,774.35

116,440.65 418,626.60

53,508.19

23,288.13 83,725.32

103,000.00 | 412,000.00 | 41,200.00 | 20,600.00 | 82,400.00

Abbreviations: N, number; Min, minimum, Max, maximum
2 According to the Régie de I'assurance maladie du Québec (RAMQ) (25,26)
b According to the Institut national d’excellence en santé et en services sociaux (INESSS) (27)
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Table 4: Number of reported cases of Lyme disease based on the various demographic, climate and incidence rate

scenarios, Québec, 2019 and 2050

Scenarios

Emission and demographic scenarios for 2050

2019 RCP 4.5 RCP 8.5

Human population

Québec 8,460,000 9,550,000

8,230,000 | 10,850,000 9,550,000 | 8,230,000 | 10,850,000

Area dd >2,800 6,187,253 9,177,134

7,908,672 | 10,426,378 9,350,074 | 8,057,708 | 10,622,859

Percentage of Québec population 73% 96%

Incidence scenario®

96% 96% 98% 98% 98%

Scenario 1

Number of cases acquired in Québec 381 494 426 562 499 430 567
Increase from 2019 +0% +30% +12% +47% +31% +13% +49%
Number of cases acquired in Québec 381 693 609 781 698 613 787
Increase from 2019 +0% +82% +60% +105% +83% +61% +107%
Number of cases acquired in Québec 381 5,535 4,770 6,289 5,635 4,856 6,403
Increase from 2019 +0% +1,353% +1,152% +1,551% +1,379% +1,175% +1,580%

Abbreviations: dd, degree-days >0°C; RCP, Representative Concentration Pathway

2 Incidence scenario: Scenario 1: Incidence rates similar to the moderate rates in 2019, i.e. 5.29 cases/100,000 inhabitants in the area with dd >2,800 and 2.39 in the area with dd <2,800; Scenario 2:
incidence rates similar to the moderate rates in 2019 except in Estrie, which maintains its incidence rate from 2019, i.e. 60.22 cases/100,000 inhabitants in Estrie; 5.29 cases/100,000 inhabitants in the
area with dd >2,800 and 2.39 in the area with dd <2,800; Scenario 3: incidence rates similar to the Estrie rates in 2019, i.e. 60.22 cases/100,000 inhabitants in the area dd >2,800 and 2.39 in the area

dd <2,800

In 2019, the incidence rate in the area favourable to ticks

(dd >2,800) is estimated at 5.29 cases/100,000 inhabitants and
at 2.39 cases/100,000 inhabitants outside that area (dd <2,800).
In scenario 1—with incidence rates similar to those in 2019—
projections for 2050 suggest an increase of about 30% in the
number of cases acquired in Québec compared with 2019,
with the moderate demographic scenario and RCP 4.5, i.e.
494 cases expected compared with 381 in 2019 (426 cases,
+12% and 562 cases, +47% for the low and high demographic
scenarios). In scenario 2—considering higher incidence rates
in the Estrie region, i.e. 60.22 cases/100,000 inhabitants in
2019—the number of cases would almost double compared
with 2019, with 693 cases expected for 2015 (609 to

781 cases). In Scenario 3, the entire area favourable to ticks
would have an incidence rate similar to that of Estrie, i.e.
60.22 cases/100,000 inhabitants, and the rest of the province
would have a rate of 2.39 cases/100,000 inhabitants. By 2050,
the number of cases would be 14 times higher than in 2019,
with 5,535 cases expected (4,770 to 6,289 cases). For all three
scenarios, the projections are relatively similar under RCP 8.5
(Table 4 and Figure 3).

The 494 to 5,535 cases would represent a cost of $88,090

to $1,005,322 CAN by 2050 for initial care. The cost of
hospitalization of the 35 to 387 cases would be $140,000 to
$1,548,000 CAN. The cost of cases acquired outside Québec
(currently 23% of reported cases) would be added to these
results.

Discussion

This study describes the current burden of Lyme disease in
Québec from an epidemiological, clinical and, in part, economic
perspective, based on human and acarological surveillance data
from Québec for the period of 2015-2019. It also estimates

the number of expected cases by 2050, considering various
demographic, climatic and incidence rate scenarios.

The overall incidence rate in Québec is 3.58 cases
reported/100,000 inhabitants for the period of 2015-2019.

In 2019, Québec had the third highest number cases of Lyme
disease among Canadian provinces, behind Ontario and Nova
Scotia (43). The incidence rate is higher in the southern parts of
Québec, where the disease is endemic, than it is in the

other parts of the province, where it is not yet present or is
emerging (1,5). The demographic and seasonality characteristics
are similar to those for Canada as a whole (43,44), Ontario (45)
and Nova Scotia (46).

The epidemiological burden is concentrated in a few regions in
southern Québec, where the disease is endemic, but the clinical
and economic burden concerns all regions of Québec. Indeed,
cases are reported in all regions of Québec and are managed

a priori by the healthcare system in their region of residence,
whether or not the infection was acquired there. In addition, tick
exposure is possible in much of the province, even though the
majority of exposures are reported in Estrie and Montérégie, two
regions where tick populations have been known to be present
for over 10 years (1).
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Most cases are reported, and thus diagnosed, at the localized
stage of the disease. As a result, 65% of reported cases
presented erythema migrans, an early symptom of the disease,
and only 11% presented Lyme arthritis, the most advanced
stage of the disease. Other Canadian studies report a similar
proportion of erythema migrans and neurological and cardiac
symptoms, but more cases of arthritis (43-47). However, care
must be taken in interpreting the results, as access to clinical
data is difficult and often limited to the regions most affected
by Lyme disease, which limits extrapolation to all of Québec. In
addition, the clinical signs of Lyme disease are often not very
specific and the stages are hard to determine in practice or from
medical records (4,27).

The average cost of initial care is estimated at $182 per patient
and varies widely depending on the clinical signs ($47 on
average for typical erythema migrans, $443 for carditis). These
costs are based on recommendations for the initial treatment

of cases (4) and do not consider the extension of treatment in
some cases. In Québec, however, clinical evolution is favourable
in 99% of serious cases, with objective clinical signs disappearing
in less than three months (14,42). In addition, a study conducted
in Ontario estimates that most costs occur within 30 days of
diagnosis (15). The Canadian Institute for Climate Choices
(CICC) (22,48) estimates the long-term cost of Lyme disease
(hospitalization, outpatient medical care, medication, treatment
and lost productivity) at an average of $26,795 CAN per case

in 2016. The authors state that 97% of costs are related to a
loss of quality of life and only 0.9% to direct costs of healthcare
expenditures, or an average of $241 CAN per case (including
hospitalization, medical care and treatment), which is consistent
with our study and explains the significant differences between
studies of the economic burden of Lyme disease, depending on
the costs considered.

Demographic and climate projections suggest 1.3 to 14.5 times
more cases acquired in Québec in 2050 than in 2019, with
about 500 to 5,500 cases expected by 2050, depending on the
incidence rate scenarios. The increased number of cases seems
to be related more to the evolution of the incidence rate than
the progression of ticks in the area as a result of climate change.
In fact, there is little difference between the RCP 4.5 and 8.5
emission scenarios, as human population growth and sprawl

are still limited in Québec: the northern parts of the province
are sparsely populated, and 80% of the human population lives
along the St. Lawrence River or in the regions south of the river
(49), which are already areas where Lyme disease is endemic or
areas favourable to the establishment of ticks. Nevertheless,

the regions will probably not be affected by Lyme disease in

the same way. Locally, some municipalities will probably have a
higher incidence rate than others, depending on the combination
of demographic growth and the increase in tick density in their
area. Thus, simply having a region with a higher incidence rate
than the rest of the province (Scenario 2) almost doubles the
number of cases expected in 2050.
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The complexity of the biological models yields different results
depending on the parameters chose in the studies (21,22,48,50).
The consequences of higher temperatures on the impact of
Lyme disease are hard to assess, as the relationship is probably
not linear (2,37,50). Other factors will also play a role in the
progression of Lyme disease in Québec, such as changes in
habitat and the host community favourable to ticks, increased
outdoor human activity, urbanization of areas where the disease
is endemic, and awareness among the general public of adopting
preventive measures (2). Similarly, the evolution of cases acquired
outside Québec remains difficult to estimate. Beyond the
expected number of cases, it is the general trend that must be
considered in adaptation plans, with an increase in the number
of cases and geographic distribution, thus impacting regions

and human populations that are not yet affected much by the
disease.

Limitations

There are several limitations to surveillance data on Lyme
disease. First, the number of cases reported or diagnosed does
not represent the actual number of cases of Lyme disease (51),
which has an impact on the estimation of the burden and related
projections. Similarly, the number of people who reported a

tick to Québec’s passive surveillance system underestimates the
actual number of people bitten by a tick (51).

The clinical burden is based on epidemiological investigations
conducted in regions where Lyme disease has been endemic for
several years, which may limit the validity of their extrapolation
to other regions of Québec. More detailed clinical studies of all
cases of Lyme disease in Québec would be needed to refine the
clinical picture.

The economic estimate presented in this study does not take
into account all costs associated with Lyme disease. For example,
some costs, such as absenteeism from work, reduced quality of
life, the cost of laboratory tests, post-exposure prophylaxis or
disease surveillance, were not considered but contribute to the
total burden of Lyme disease in Québec.

Conclusion

This study provides an initial portrait of the burden of Lyme
disease in Québec. Although the cases are acquired primarily

in the southern part of the province, all of Québec is already
concerned about the management of Lyme disease. The results
present an order of magnitude of the current and future burden
of Lyme disease, how to prepare the regions of Québec to adapt
and optimize public health protection measures.



Authors’ statement

MR — Conceptualization, collecting and managing data, data
analysis, data interpretation, writing—original draft, writing—
revision and editing, final approval

Al-C, AA-P, NO — Conceptualization, writing-revision and
editing, final approval

GB, CB, AC, FM, PAP, KT, KZ, — Conceptualization, editing, final
approval

DC — Writing-revision and editing, final approval

The contents of this article and the opinions expressed therein
are those of the authors and do not necessarily reflect those of
the Government of Canada.

Competing interests
None.

Acknowledgements

We would like to thank Climate Data for providing the climate
information used in this document. ClimateData.ca is the result
of collaboration between the Pacific Climate Impacts Consortium
(PCIC), Ouranos Inc., the Prairie Climate Centre (PCC),
Environment and Climate Change Canada (ECCC), the Computer
Research Institute of Montreal CRIM) and HabitatSeven.

Funding

This study was carried out with support from the Institut national

de santé publique du Québec and funded by the Green Fund as

part of action 6.4.1 of the Québec government’s Climate Change
Action Plan (MI-PACC).

References

1. Ouhoummane N, Pelletier R, Ripoche M, Irace-Cima A,
Milord F, Thivierge K. Portrait de la maladie de Lyme au
Québec : 2006-2019. Québec, QC : INSPQ; 2022 p. 76.
https://www.inspq.qc.ca/publications/2844

2. Bouchard C, Dibernardo A, Koffi J, Wood H, Leighton PA,
Lindsay LR. N Increased risk of tick-borne diseases with
climate and environmental changes. Can Commun Dis Rep
2019;45(4):83-9. DOI PubMed

3. Harpa IK, Shivoan B. Framing Burden: Towards a new
framework for measuring burden of disease in Canada.
National Collaborating Centre for Infectious Diseases; 2015
p. 36. https://nccid.ca/publications/framing-burden/

10.

11.

12.

13.

EPIDEMIOLOGIC STUDY @

Morrow G, Gernigon G, Karam F, Guay H, Bélanger S.
Maladie de Lyme - stades localisé et disséminés. Québec,
QC : Institut national d'excellence en santé et en services
sociaux (INESSS); 2019 p. 123. http://www.santecom.qc.ca/
Bibliothequevirtuelle/INESSS/9782550839699.pdf

Ouhoummane N, Pelletier R, Thivierge K, Adam-Poupart A,
Irace-Cima A. Résultats annuels de surveillance de la maladie
de Lyme - Année 2021. Québec, QC : INSPQ; 2022.
https://www.inspqg.qc.ca/zoonoses/maladie-de-lyme/
resultats-de-surveillance-2021

Charbonneau A, Charette LP, Rouleau G, Savary M, Wilson
A, Heer E, Bériault K, de Pokomandy A. Clinical presentation
of Lyme disease in the higher-risk region of Quebec: a
retrospective descriptive study. CMAJ Open 2018;6(1):
E139-45. DOl PubMed

Hastir M. Portrait clinique et paraclinique des cas de
maladies de Lyme déclarés en Montérégie entre 2013 et
2018. Sherbrooke, QC : Université de Sherbrooke; 2018.

Lambert L. Le portrait de MADO - Zoonoses 2016.
Zoonoses. 2017;5(11). DSPu de la Montérégie, CISSS de la
Montérégie-Centre. Disponible a la Direction de la santé
publique du Québec.

Lambert L, Caron-Poulin L, Milord F, Bui Y. Le portrait de
MADO - Zoonoses 2018. Zoonoses. 2020;7(9). DSPu de la
Montérégie, CISSS de la Montérégie-Centre. Disponible a la
Direction de la santé publique du Québec.

Lambert L, Pénicaud S, Bui Y, Milord F. Le portrait de
MADO - Zoonoses 2017. Zoonoses. 2018;6(9). DSPu de la
Montérégie, CISSS de la Montérégie-Centre. Disponible a la
Direction de la santé publique du Québec.

Poirier B, Baron G, Spain MA, Abou-Chacra T, Aenishaenslin
C, Bouchar, C. La maladie de Lyme toujours présente en
Estrie. Vision Santé Publique. 2019;51. DSPu de I'Estrie,
CIUSS de I'Estrie. Disponible a la Direction de la santé
publique du Québec.

Khodaveisi M. Epidémiologie de la maladie de Lyme

au Québec de 2004 a 2010 [M. Sc.]. Sherbrooke, QC :
Université de Sherbrooke; 2013. https://savoirs.usherbrooke.
ca/handle/11143/6319

Jolicoeur G. Evolution des cas de maladie de Lyme déclarés
entre 2012 et 2016 en Montérégie. Sherbrooke, Québec :
Université de Sherbrooke; 2017.

CCDR e October 2023 ¢ Vol. 49 No. 10 Page 454


https://www.inspq.qc.ca/publications/2844
https://doi.org/10.14745/ccdr.v45i04a02
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31285697&dopt=Abstract
https://nccid.ca/publications/framing-burden/
http://www.santecom.qc.ca/Bibliothequevirtuelle/INESSS/9782550839699.pdf
http://www.santecom.qc.ca/Bibliothequevirtuelle/INESSS/9782550839699.pdf
https://www.inspq.qc.ca/zoonoses/maladie-de-lyme/resultats-de-surveillance-2021
https://www.inspq.qc.ca/zoonoses/maladie-de-lyme/resultats-de-surveillance-2021
https://doi.org/10.9778/cmajo.20170084
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29588280&dopt=Abstract
https://savoirs.usherbrooke.ca/handle/11143/6319
https://savoirs.usherbrooke.ca/handle/11143/6319

@ EPIDEMIOLOGIC STUDY

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Page 455

Musonera JB, Valiquette L, Baron G, Milord F, Marcoux

D, Thivierge K, Bedard-Dallaire S, Pelletier AA, Lachance
R, Bourget J, Simard C, Cantin E, Abbasi F, Haraoui LP,
Carignan A. Management and clinical outcomes of Lyme
disease in acute care facilities in 2 endemic regions of
Quebec, Canada: a multicentre retrospective cohort study.
CMAJ Open 2022;10(2):E570-6. DOl PubMed

Shing E, Wang J, Khoo E, Evans GA, Moore S, Nelder MP,
Patel SN, Russell C, Sider D, Sander B. Estimating direct
healthcare costs attributable to laboratory-confirmed Lyme
disease in Ontario, Canada: A population-based matched
cohort study using health administrative data. Zoonoses
Public Health 2019;66(4):428-35. DOI PubMed

Zhang X, Meltzer MI, Pefia CA, Hopkins AB, Wroth L, Fix
AD. Economic impact of Lyme disease. Emerg Infect Dis
2006;12(4):653-60. DOI PubMed

Mac S, da Silva SR, Sander B. The economic burden
of Lyme disease and the cost-effectiveness of Lyme
disease interventions: A scoping review. PLoS One
2019;14(1):e0210280. DOI PubMed

Magid D, Schwartz B, Craft J, Schwartz JS. Prevention of
Lyme disease after tick bites. A cost-effectiveness analysis.
N Engl J Med 1992;327(8):534-41. DOl PubMed

Schwartz AM, Shankar MB, Kugeler KJ, Max RJ, Hinckley
AF, Meltzer MI, Nelson CA. Epidemiology and cost of
Lyme disease-related hospitalizations among patients with
employer-sponsored health insurance-United States,
2005-2014. Zoonoses Public Health 2020;67(4):407-15.
DOI PubMed

Adrion ER, Aucott J, Lemke KW, Weiner JP. Health care
costs, utilization and patterns of care following Lyme
disease. PLoS One 2015;10(2):e0116767. DOI PubMed

Larrivée C, Sinclair-Désgagné N, Da Silva L, Revéret JP,
Desjarlais C. Evaluation des impacts des changements
climatiques et de leurs colts pour le Québec et I'Etat

québécois. Ouranos; 2015 p. 97. http://www.environnement.

gouv.qgc.ca/changementsclimatiques/evatuation-impacts-cc-
couts-qc-etat.pdf

Clark D, Ness R, Coffman D, Beugin D. The health costs of
climate change: How Canada can adapt, prepare, and save
lives. Ottawa, ON: Canadian Institute for Climate Choices;
2021. https://climateinstitute.ca/reports/the-health-costs-of-
climate-change/

Camara B, Pilon P. Epidémiologie descriptive de la maladie

de Lyme dans la région de Montréal en 2016. Montréal, QC :

Direction régionale de santé publique de Montréal; 2017.

CCDR e October 2023 ¢ Vol. 49 No. 10

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Beauvillier C, Bélanger-Fleury L, Darche W, Kiepura B.
Petites tiques, grands problémes : Faire la lumiére sur une
affection peu connue. Sherbrooke, QC : Université de
Sherbrooke; 2018.

Régie de I'assurance maladie. Médecins omnipraticiens

— Manuel rémunération a 'acte. Québec, QC :

RAMQ; 2021 p. 396. https://www.ramg.gouv.qc.ca/
SiteCollectionDocuments/professionnels/manuels/syra/
medecins-omnipraticiens/100-facturation-omnipraticiens/
manuel-omnipraticiens-remuneration-acte-RFP.pdf

Régie de I'assurance maladie. Médecins spécialistes

— Manuel rémunération a |'acte. Québec, QC :

RAMQ; 2021 p. 657. https://www.ramg.gouv.qc.ca/
SiteCollectionDocuments/professionnels/manuels/syra/
medecins-specialistes/150-facturation-specialistes/manuel-
specialistes-remuneration-acte-RFP.pdf

Morrow G, Karam F, Tardif M, Potvin E. Du diagnostic au
traitement de la maladie de Lyme aux stades localisé et
disséminés. Québec, QC :Institut national d'excellence
en santé et en services sociaux (INESSS); 2019 p. 222.
http://www.santecom.qc.ca/Bibliothequevirtuelle/
INESSS/9782550841531.pdf

Institut canadien d'information sur la santé (ICIS).
Codt d'un séjour standard a I'hopital. 2021.
https://votresystemedesante.icis.ca/

Statistics Canada. Census Profile, 2016 Census. 2019.
https://www12.statcan.gc.ca/census-recensement/2016/dp-
pd/prof/index.cfm

Institut de la statistique du Québec (ISQ). Projections de
population - Le Québec. 2021. https://statistique.quebec.ca/
fr/document/projections-de-population-le-quebec

Kilpatrick HJ, LaBonte AM, Stafford KC. The relationship
between deer density, tick abundance, and human cases of
Lyme disease in a residential community. J Med Entomol
2014;51(4):777-84. DOI PubMed

Ogden NH, Maarouf A, Barker IK, Bigras-Poulin M, Lindsay
LR, Morshed MG, O'callaghan CJ, Ramay F, Waltner-Toews
D, Charron DF. Climate change and the potential for range
expansion of the Lyme disease vector Ixodes scapularis in
Canada. Int J Parasitol 2006;36(1):63-70. DOI PubMed

Ogden NH, St-Onge L, Barker IK, Brazeau S, Bigras-Poulin
M, Charron DF, Francis CM, Heagy A, Lindsay LR, Maarouf A,
Michel P, Milord F, O’Callaghan CJ, Trudel L, Thompson RA.
Risk maps for range expansion of the Lyme disease vector,
Ixodes scapularis, in Canada now and with climate change.
Int J Health Geogr 2008;7(1):24-24. DOl PubMed


https://doi.org/10.9778/cmajo.20210063
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35764331&dopt=Abstract
https://doi.org/10.1111/zph.12560
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30665259&dopt=Abstract
https://doi.org/10.3201/eid1204.050602
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16704815&dopt=Abstract
https://doi.org/10.1371/journal.pone.0210280
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30608986&dopt=Abstract
https://doi.org/10.1056/NEJM199208203270806
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1298217&dopt=Abstract
https://doi.org/10.1111/zph.12699
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32462811&dopt=Abstract
https://doi.org/10.1371/journal.pone.0116767
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25650808&dopt=Abstract
http://www.environnement.gouv.qc.ca/changementsclimatiques/evatuation-impacts-cc-couts-qc-etat.pdf
http://www.environnement.gouv.qc.ca/changementsclimatiques/evatuation-impacts-cc-couts-qc-etat.pdf
http://www.environnement.gouv.qc.ca/changementsclimatiques/evatuation-impacts-cc-couts-qc-etat.pdf
https://climateinstitute.ca/reports/the-health-costs-of-climate-change/
https://climateinstitute.ca/reports/the-health-costs-of-climate-change/
https://www.ramq.gouv.qc.ca/SiteCollectionDocuments/professionnels/manuels/syra/medecins-omnipraticiens/100-facturation-omnipraticiens/manuel-omnipraticiens-remuneration-acte-RFP.pdf
https://www.ramq.gouv.qc.ca/SiteCollectionDocuments/professionnels/manuels/syra/medecins-omnipraticiens/100-facturation-omnipraticiens/manuel-omnipraticiens-remuneration-acte-RFP.pdf
https://www.ramq.gouv.qc.ca/SiteCollectionDocuments/professionnels/manuels/syra/medecins-omnipraticiens/100-facturation-omnipraticiens/manuel-omnipraticiens-remuneration-acte-RFP.pdf
https://www.ramq.gouv.qc.ca/SiteCollectionDocuments/professionnels/manuels/syra/medecins-omnipraticiens/100-facturation-omnipraticiens/manuel-omnipraticiens-remuneration-acte-RFP.pdf
https://www.ramq.gouv.qc.ca/SiteCollectionDocuments/professionnels/manuels/syra/medecins-specialistes/150-facturation-specialistes/manuel-specialistes-remuneration-acte-RFP.pdf
https://www.ramq.gouv.qc.ca/SiteCollectionDocuments/professionnels/manuels/syra/medecins-specialistes/150-facturation-specialistes/manuel-specialistes-remuneration-acte-RFP.pdf
https://www.ramq.gouv.qc.ca/SiteCollectionDocuments/professionnels/manuels/syra/medecins-specialistes/150-facturation-specialistes/manuel-specialistes-remuneration-acte-RFP.pdf
https://www.ramq.gouv.qc.ca/SiteCollectionDocuments/professionnels/manuels/syra/medecins-specialistes/150-facturation-specialistes/manuel-specialistes-remuneration-acte-RFP.pdf
http://www.santecom.qc.ca/Bibliothequevirtuelle/INESSS/9782550841531.pdf
http://www.santecom.qc.ca/Bibliothequevirtuelle/INESSS/9782550841531.pdf
https://votresystemedesante.icis.ca/
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm
https://statistique.quebec.ca/fr/document/projections-de-population-le-quebec
https://statistique.quebec.ca/fr/document/projections-de-population-le-quebec
https://doi.org/10.1603/ME13232
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25118409&dopt=Abstract
https://doi.org/10.1016/j.ijpara.2005.08.016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16229849&dopt=Abstract
https://doi.org/10.1186/1476-072X-7-24
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18498647&dopt=Abstract

34.

35.

36.

37.

38.

39.

40.

41.

42.

Leighton P, Koffi J, Pelcat Y, Lindsay L, Ogden N. Predicting
the speed of tick invasion: an empirical model of range
expansion for the Lyme disease vector Ixodes scapularis in
Canada. J Appl Ecol 2012;49(2):457-64. DOI

Simon JA, Marrotte RR, Desrosiers N, Fiset J, Gaitan J,
Gonzalez A, Koffi JK, Lapointe FJ, Leighton PA, Lindsay LR,
Logan T, Milord F, Ogden NH, Rogic A, Roy-Dufresne E,
Suter D, Tessier N, Millien V. Climate change and habitat
fragmentation drive the occurrence of Borrelia burgdorferi,
the agent of Lyme disease, at the northeastern limit of its
distribution. Evol Appl 2014;7(7):750-64. DOl PubMed

McPherson M, Garcia-Garcia A, Cuesta-Valero FJ, Beltrami
H, Hansen-Ketchum P, MacDougall D, Ogden NH. Expansion
of the Lyme disease vector Ixodes scapularis in Canada
inferred from CMIP5 climate projections. Environ Health
Perspect 2017;125(5):057008. DOI PubMed

Dumic |, Severnini E. “Ticking Bomb": the impact of climate
change on the incidence of Lyme disease. Can J Infect Dis
Med Microbiol 2018;2018:5719081. DOl PubMed

Kilpatrick AM, Dobson AD, Levi T, Salkeld DJ, Swei A,
Ginsberg HS, Kjemtrup A, Padgett KA, Jensen PM, Fish
D, Ogden NH, Diuk-Wasser MA. Lyme disease ecology in
a changing world: consensus, uncertainty and critical gaps
for improving control. Philos Trans R Soc Lond B Biol Sci
2017;372(1722):20160117. DOI PubMed

Ogden NH, Lindsay LR. Effects of climate and climate
change on vectors and vector-borne diseases: ticks are
different. Trends Parasitol 2016;32(8):646-56. DOI PubMed

Gabriele-Rivet V, Arsenault J, Badcock J, Cheng A, Edsall
J, Goltz J, Kennedy J, Lindsay LR, Pelcat Y, Ogden NH.
Different ecological niches for ticks of public health
significance in Canada. PLoS One 2015;10(7):e0131282-
0131282. DOI PubMed

Climatedata.ca. Climate data for a resilient Canada. 2020.
https://climatedata.ca/

Musonera JB. Epidémiologie clinique de I'infection &
Borrelia burgdorferi grave au Québec et conformité

aux lignes directrices de I'Infectious Disease Society of
America (IDSA) [M. Sc.]. Sherbrooke, QC : Université de
Sherbrooke; 2020. https://savoirs.usherbrooke.ca/bitstream/
handle/11143/17510/Musonera_Jean_Berchmans_
MSc_2020.pdf

43.

44.

45.

46.

47.

48.

49.

50.

51.

EPIDEMIOLOGIC STUDY @

Gasmi S, Koffi J, Nelder M, Russel C, Graham-Derham

S, Lachance L Adhikari B, Badcock J, Baidoobonso S,
Billard BA, Halfyard B, Jodoin S, Singal M, Bourgeois AC.
Surveillance for Lyme disease in Canada, 2009-2019. Can
Commun Dis Rep 2022;48(5):219-27. DOI

Gasmi S, Ogden NH, Lindsay LR, Burns S, Fleming S,
Badcock J, Hanan S, Gaulin C, Leblanc MA, Russell C,
Nelder M, Hobbs L, Graham-Derham S, Lachance L, Scott
AN, Galanis E, Koffi JK. Surveillance for Lyme disease in
Canada: 2009-2015. Can Commun Dis Rep 2017;43(10):194-9.
DOI PubMed

Johnson KO, Nelder MP, Russell C, Li Y, Badiani T, Sander B,
Sider D, Patel SN. Clinical manifestations of reported Lyme
disease cases in Ontario, Canada: 2005-2014. PLoS One
2018;13(6):e0198509. DOI PubMed

Hatchette TF, Johnston BL, Schleihauf E, Mask A, Haldane D,
Drebot M, Baikie M, Cole TJ, Fleming S, Gould R, Lindsay R.
Epidemiology of Lyme disease, Nova Scotia, Canada, 2002-
2013. Emerg Infect Dis 2015;21(10):1751-8. DOl PubMed

Gasmi S, Ogden NH, Leighton PA, Adam-Poupart A, Milord
F, Lindsay LR, Barkati S, Thivierge K. Practices of Lyme
disease diagnosis and treatment by general practitioners in
Quebec, 2008-2015. BMC Fam Pract 2017;18(1):65-65.
DOl PubMed

Boyd R, Eyzaguirre J, Poulsen F, Siegle M, Thompson

A, Yamamoto S Osornio-Vargas, EA, Urcelay A. Costing
climate change impacts on human health across Canada.
ESSA Technologies Ltd; 2020. https://choixclimatiques.
ca/wp-content/uploads/2021/06/ESSA-Technical-Report-
March2021.pdf

Gouvernement du Québec. Géographie du territoire
québécois. 2023. https://www.quebec.ca/gouvernement/
portrait-quebec/geographie-territoire

Couper LI, MacDonald AJ, Mordecai EA. Impact of prior and
projected climate change on US Lyme disease incidence.
Glob Change Biol 2021;27(4):738-54. DOI PubMed

Ogden NH, Bouchard C, Badcock J, Drebot MA, Elias SP,
Hatchette TF, Koffi JK, Leighton PA, Lindsay LR, Lubelczyk
CB, Peregrine AS, Smith RP, Webster D. What is the real
number of Lyme disease cases in Canada? BMC Public
Health 2019;19(1):849. DOI PubMed

CCDR e October 2023 ¢ Vol. 49 No. 10 Page 456


https://doi.org/10.1111/j.1365-2664.2012.02112.x
https://doi.org/10.1111/eva.12165
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25469157&dopt=Abstract
https://doi.org/10.1289/EHP57
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28599266&dopt=Abstract
https://doi.org/10.1155/2018/5719081
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30473737&dopt=Abstract
https://doi.org/10.1098/rstb.2016.0117
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28438910&dopt=Abstract
https://doi.org/10.1016/j.pt.2016.04.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27260548&dopt=Abstract
https://doi.org/10.1371/journal.pone.0131282
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26131550&dopt=Abstract
https://climatedata.ca/
https://savoirs.usherbrooke.ca/bitstream/handle/11143/17510/Musonera_Jean_Berchmans_MSc_2020.pdf
https://savoirs.usherbrooke.ca/bitstream/handle/11143/17510/Musonera_Jean_Berchmans_MSc_2020.pdf
https://savoirs.usherbrooke.ca/bitstream/handle/11143/17510/Musonera_Jean_Berchmans_MSc_2020.pdf
https://doi.org/10.14745/ccdr.v48i05a05
https://doi.org/10.14745/ccdr.v43i10a01
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29770045&dopt=Abstract
https://doi.org/10.1371/journal.pone.0198509
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29856831&dopt=Abstract
https://doi.org/10.3201/eid2110.141640
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26401788&dopt=Abstract
https://doi.org/10.1186/s12875-017-0636-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28532428&dopt=Abstract
https://choixclimatiques.ca/wp-content/uploads/2021/06/ESSA-Technical-Report-March2021.pdf
https://choixclimatiques.ca/wp-content/uploads/2021/06/ESSA-Technical-Report-March2021.pdf
https://choixclimatiques.ca/wp-content/uploads/2021/06/ESSA-Technical-Report-March2021.pdf
https://www.quebec.ca/gouvernement/portrait-quebec/geographie-territoire
https://www.quebec.ca/gouvernement/portrait-quebec/geographie-territoire
https://doi.org/10.1111/gcb.15435
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33150704&dopt=Abstract
https://doi.org/10.1186/s12889-019-7219-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31253135&dopt=Abstract

	_Hlk133568344
	_Hlk135116446

