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Abstract: The aim of this study is to document climate change adaptation interventions targeting
Lyme disease at the municipal level in the province of Quebec (Canada). This exploratory study relies
on the theory of planned behavior and certain constructs from the health belief model to identify the
factors leading municipal authorities to implement preventive interventions for Lyme disease (PILD).
Data were obtained from an online survey sent, during the summer of 2018, to municipal officers
in 820 municipalities in Quebec, in all health regions where the population is at risk of contracting
Lyme disease (response rate = 36%). The questionnaire was used to measure the implementation of
PILD, the intention to implement these interventions, attitudes, perceived social pressure, perceived
control (levers and barriers) over interventions, perceived effectiveness of preventive measures,
risk, and perceived vulnerability. Results of structural equation analyses showed that attitudes
were significantly associated with municipal authorities’ intention to implement PILD, while the
intention to implement PILD was a significant predictor of the implementation of PILD. Additional
analyses showed that perceived barriers added a moderating effect in the intention-implementation
relationship. The prediction of behaviors or practices that municipal authorities could implement to
prevent Lyme disease will enable the evaluation over time of the evolution of Quebec municipalities’
adaptation to Lyme disease. Moreover, the examination of the associations of specific psychosocial
factors revealed important implications for the design of effective behavior-change interventions,
which would allow health officials doing awareness work to create personalized interventions better
suited to municipal officers and their specific contexts.
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1. Introduction

Beyond extreme weather events, such as heat waves, droughts, floods, and storm surges, climate
change is also linked to an increased prevalence of vector-borne diseases, such as Lyme disease [1–3].
Ixodes scapularis ticks infected with Borrelia burgdorferi can transmit it to species, including humans,
which can develop Lyme disease. Symptoms of the disease can include the appearance of erythema
migrans (redness on the skin at the site of the tick bite; Ogden et al., 2009 [4]), which may be accompanied
by fever, fatigue, headache, stiffness in the neck, muscle aches, and joint pain. Without early treatment,
the disease can cause systemic problems, such as arthritic, cardiac, and neurological disorders [5].

Lyme disease, the most commonly reported vector-borne disease in temperate regions, is emerging in
Canada [6–8]. Since the disease was first identified in the province of Quebec (Canada) in 2007–2008 [9,10],
the number of reported human cases has been increasing. This increase is also strongly associated with
the expansion of Ixodes scapularis populations [6]. In 2011, the proportion of reported cases of Lyme
disease acquired locally was 16% (5/32), compared with 73% (219/301) in 2018 [11].

Adaptation refers to “the process of adjustment to actual or expected climate and its effects, in order
to moderate harm or exploit beneficial opportunities” [12]. Health-related adaptation involves any
intervention (for example developing spatial modeling of geo-referenced climate and environmental
information) aiming to reduce the health burden associated with climate change [13]. Given the
emergence and major impacts of Lyme disease on population health, there is a need to implement
structures aimed at fostering the populations’ adaptation to this problem.

Despite the importance of climate-related health risks, there are few studies, including systematic
examinations of the current state of health-related adaptation in Canada [14–16]. Although the role
of local authorities and stakeholders, such as municipalities, in climate change adaptation has been
emphasized [17–22], a large part of the literature on climate change adaptation at the municipal level
tends to focus on what “should be done” and not on what “is actually done” [23]. However, to control
and prevent vector-borne diseases, developing adequate response plans, enhancing surveillance
systems, and developing effective and locally appropriate strategies are essential [3].

Municipalities in Quebec do not have a mandate to protect public health. Surveillance, prevention,
and control of infectious diseases are provincial responsibilities, under the supervision of the Ministry
of health and social services (Ministère de la Santé et des Services sociaux). These responsibilities are
implemented in collaboration with health and social services regional centers (Centres de santé et de services
sociaux) that have their own public health departments (PHD; directions de santé publique). Regarding Lyme
disease, regional PHD inform municipalities about risks and share communication tools. Regional PHD
can also provide certain resources to municipalities. For instance, health officers can go to municipalities
to train and inform resource persons. Municipalities are therefore encouraged to act through regional
PHD but have no official mandate at this time. That said, some municipalities are proactive regarding
Lyme disease, through climate change adaptation plans that they develop, by integrating public health
issues into their priorities. For example, the City of Montreal has announced its intention to protect its
workers from Lyme disease. In addition, to our knowledge, at least one municipality has decided to
finance, within its own budget, an integrated project to reduce the risk of Lyme disease.

Some empirical work has been conducted to document climate change adaptation interventions
at the level of municipalities or civil society organizations in Canada (to our knowledge, none
specifically targeting vector-borne disease interventions), but from secondary data, such as official
documents, including adaptation plans, contingency plans, and information on official websites [16,24].
Other empirical work has also been limited to a few major Canadian cities [16,25]. There was thus a need
to undertake a study among municipal staff (such as heads of land use planning and environmental
advisors) of all Quebec municipalities where the population is exposed to Lyme disease. The purpose
of this exploratory study is to document climate change adaptation interventions targeting Lyme
disease at the municipal level in the province of Quebec (Canada).
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1.1. Preventive Interventions for Lyme Disease (PILD)

In the absence of an available vaccine, preventive interventions for Lyme disease (PILD) can be
divided into two categories: Preventive environmental measures aimed at reducing the density of
infected ticks in the environment [26–28] and measures promoting the adoption of preventive behaviors
by individuals through awareness-raising in at-risk populations [27,29]. Preventive environmental
measures include, among others, direct actions on tick populations (e.g., use of acaricides), landscaping
actions, actions targeting wild animal species that are reservoirs of the agents or reproduction hosts for
the ticks (e.g., reduction in the density of deer populations, exclusion of deer from inhabited areas,
treatment of deer and small rodents against ticks, vaccination of rodents against the Borrelia bacteria).

Lyme disease preventive behaviors are often unevenly adopted by residents of high-risk areas [30],
including Canada [31,32]. For this reason, public health organizations are conducting education
campaigns aimed at promoting the adoption of preventive behaviors through awareness-raising.
For instance, in the province of Quebec, public health agencies make information on Lyme disease
available to municipalities for dissemination through their website to their population. This information
includes a description of ticks, the disease, and its symptoms; possible protection and prevention
measures; tips for removing the tick, etc.

Whereas evaluations of existing response strategies in public health systems are scarce [33],
potential factors constraining or facilitating the planning or implementation of these interventions over
time and across localities remain to be investigated [34]. From a health education perspective, a better
understanding of the determinants that favor or limit the implementation of preventive interventions
by local decision makers would facilitate the identification of factors that government authorities
should consider when designing information tools aimed at changing municipal actors’ knowledge,
attitudes, and beliefs [34–36].

1.2. Theoretical Models Explaining the Implementation of PILD

Behavioral change invariably requires an understanding of the factors that motivate these
changes [37]. Empirical work based on psychosocial models predicting behaviors, such as the theory of
planned behavior, that is, TPB [38], and the health belief model, HBM for short [39,40], has made its way
into the climate change adaptation literature to help researchers understand what drives action [41,42].
However, the use of such models in research linked to Lyme disease is still rare [26,29,31,34]. From an
awareness and intervention perspective, such studies are essential for identifying malleable factors
that offer a lever for change, in order to better target interventions.

Among the various theoretical models, the HBM [39,40] is one of the most used to study the influence
of factors explaining the adoption of behaviors to prevent diseases and health problems. As for the TPB [38],
its usefulness for predicting behaviors in various contexts has been repeatedly demonstrated [43,44].
The same is true regarding its usefulness for better understanding of pro-environmental behaviors, that is,
behaviors that inhibit or foster sustainable, climate-healthy, and nature-enhancing choices [45].

The links between knowledge of risk, perceived risk, attitudes, and adoption of PILD (at the
individual or household level) have already been studied in the literature [28,29,46–48]. Several studies
have also included the examination, in individuals, of the determinants of social acceptability of
certain measures related to Lyme disease or other vector-borne diseases [26,49,50]. However, to our
knowledge, this type of study has never been conducted at the municipal level, nor has any study
modeled all the psychological and organizational processes leading to the adoption of PILD.

1.3. TPB Constructs

According to the TPB (see Figure 1), intention to implement PILD and perceived behavioral
control (i.e., municipal officers’ perceptions of the degree to which their municipality is capable of,
or has control over, implementing a given intervention) are the immediate antecedents (i.e., precursors)
of these interventions.
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Theoretically, perceived behavioral control—to the extent that it accurately reflects actual
control—is, like actual control, expected to moderate the effect of intention on behavior or action [51].
In other words, actual control over the action could affect the strength of the relation between the
intention and action. Indeed, according to Fishbein and Ajzen [52], the effect of intention on action
should be stronger when actual control is high rather than low. For instance, when municipal officers
believe that their municipality actually has control over the implementation of PILD, they tend to act
in accordance with their intentions. Inversely, if municipal officers believe that they have low control
over the implementation of PILD, they do not tend to act in accordance with their intentions [53].
In Figure 1, this moderating effect is illustrated by a dash arrow between the variable called “perceived
behavioral control to implement PILD” and the direct effect (solid arrow) of the “intention to adopt
PILD” variable on the implementation of PILD.

The TPB also postulates that municipal authorities’ intention to implement PILD should increase
to the extent that they hold favorable attitudes toward such interventions, think that significant others
(e.g., the municipality’s population; regional, provincial, or federal public health agencies) support these
interventions (i.e., perceived social norms), and perceive that the municipality has control over them.

1.4. Background Factors: Perceived Severity and Vulnerability

The TPB also proposes that a multitude of background factors (e.g., ethnicity, socioeconomic status,
education, personality) can potentially influence people’s beliefs (Figure 1). Thus, to gain further insight
into the underlying reasons for the implementation of PILD among municipal officers, we examined
the potential impact of two background factors from the health belief model: The perceived risk or
vulnerability represented by the disease (perceived by municipal officers), the perceived impact of the
disease (severity) on health (again perceived by municipal officers) [39,40].

1.5. The Present Study

The purpose of this article is therefore to examine the factors leading municipal authorities to
implement PILD. Accordingly, the following hypotheses were developed:

(1) Intention to implement PILD is the immediate antecedent of these interventions.
(2) Municipal officers’ intention to implement PILD should increase to the extent that they hold favorable

attitudes toward such interventions, think that significant others support these interventions (i.e.,
perceived social norm), and perceive that the municipality has control over them.

(3) Valois et al. [54] showed that Quebec’s municipal officers have little control over the adoption of
adaptive interventions for heat and flooding. Thus, we expect the relationship between municipal
officers’ intention to implement PILD and their actual implementation of PILD to be moderated
by the perceived barriers and perceived behavioral control (i.e., municipal officers’ perceptions
of the degree to which their municipality is capable of, or have control over, implementing a
given intervention). More specifically, we formulated the hypothesis that when municipal officers
believe that their municipality actually has control over the implementation of PILD, they will
tend to act in accordance with their intentions.

(4) A high level of perceived risk (vulnerability) represented by Lyme disease and a high level of
perceived impacts of Lyme disease (severity) on health is expected to be positively related to
intentions to implement PILD. The effects are expected to be indirect, operating via attitude
toward PILD, perceived social norms regarding PILD, and perceived control to implement PILD.
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Figure 1. The theory of planned behavior model.

2. Materials and Methods

2.1. Participants

The target population in this exploratory study consisted of the 820 municipalities in the province
of Quebec (Canada) where there is a higher risk for Lyme disease associated with the presence of
established I. scapularis vector tick population (illustrated by the presence of at least three human
cases acquired locally and reported to public health authorities, or 23 people with tick bites in the last
five years, or a demonstration of tick population establishment through active vector surveillance),
according to the provincial map of risk of Lyme disease acquisition [55]. This list also included the 19
Montreal boroughs. We limited ourselves to these municipalities because municipal authorities were
more likely to feel concerned by the study, given the higher prevalence of Lyme disease. This study
adopts a cross-level design, as we are assessing the relationship between independent and dependent
variables at two different levels (individual and organizational) [56–58]. Hence, the responses of
individual municipal officers were used as a proxy for municipalities’ level of PILD [59]. In the summer
and fall of 2018, we sent the municipal officers an invitation to complete an online questionnaire
(LimeSurvey). The first person contacted was asked to transfer the survey if he or she felt that someone
else in the organization would be more able to respond. It is difficult to identify the right person to
contact and collect information to document climate change interventions targeting Lyme disease
at the municipal level in the province of Quebec. For instance, some municipalities do not have an
environmental advisor. There is also a high turnover rate among municipal staff. Although our method
of contacting municipalities is not free of bias, it was the only strategy that would result in sufficient
data to build an index. Hence the exploratory nature of our study. We are, however, confident in the
portrait generated.

A total of 293 respondents (93 women, 31.74%; 127 men, 43.34%; 73 declined to give their gender,
24.91%) were surveyed between July 12 and October 12, 2018. The response rate was 36%. Table 1
presents the response rates by the Quebec health region. It is worth mentioning that in 2018, most cases
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of Lyme disease (reported and acquired in Quebec) were likely acquired in Montérégie (93/219; 42%),
Estrie (87/219; 40%), and Mauricie-Centre du Québec (17/219; 8%) [11].

Table 1. Response rate by health region.

Quebec Health Region Response Rate by Region (n/N) a
Percentage of Reported Human

Cases of Lyme Disease
(Acquired Locally) in 2018

Capitale-Nationale 25/59 (42%) 0 (0%)
Mauricie-Centre du Québec 34/121 (28%) 17 (8%)

Estrie 28/89 (31%) 87 (40%)
Montreal 12/34 (35%) 1 (0.5%)

Outaouais 27/67 (40%) 2 (0.9%)
Chaudière-Appalaches 37/136 (27%) 0 (0%)

Laval 0/1 (0%) 0 (0%)
Lanaudière 25/57 (44%) 2 (0.9%)
Laurentides 34/76 (45%) 2 (0.9%)
Montérégie 71/177 (40%) 93 (42%)

Other b 15 (6.8%)
TOTAL 293/817 (36%) 219 (100%)

a n = number of municipalities who answered the survey, N = number of municipalities in each health region,
b Official data available for 2018 show 14 cases for which it was not possible to identify the region of acquisition.
Another case was acquired in a health region (Côte-Nord) that, when the survey was administered, was not identified
as a region with a higher risk for Lyme disease.

Table 2 presents the breakdown of sample sizes by municipality size. The respondents were working
mostly for small and medium-size municipalities. A proportion of 6% of the sample included respondents
from municipalities with a population above 50,000 inhabitants (n = 18). This proportion is similar to
that found in the health regions under study. As for the occupation, the respondents were responsible
mostly for development and land-use planning (30.38%), urbanism (43.34%), the environment (39.93%),
or sustainable development (23.21%). More than one answer was possible for this question. The mean
number of employees in the department where the respondents worked was 19 (SD = 91.1). For 46.42%
of the participants, the highest educational level obtained was a university degree; 9.22% reported being
under 30 years old, 17.06% between 30 and 39 years old, 23.55% between 40 and 49 years old, 19.45%
between 50 and 59 years old, and 11.26% 60 years old or over. Most respondents had been working in
the municipal sector, as well as in their current municipality, for three to 10 years.

Table 2. Sample size by municipality size.

Municipality Sizes Number %

1–499 42 14%
500–999 67 23%

1000–1999 44 15%
2000–2999 31 11%
3000–3999 16 6%
4000–4999 10 3%
5000–9999 35 12%

10,000–49,999 30 10%
50,000 + 18 6%
TOTAL 293/820 100%

2.2. Questionnaire

The questionnaire administered to the municipal officers assessed the TPB constructs, as well as
some HBM constructs through the perceptions of municipal officers who answered the survey.
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2.2.1. Proximal Determinants of Intention and Implementation of PILD

Attitude toward the implementation of PILD. Responses to three questions were used as reflective
indicators of municipal officers’ attitudes toward the implementation of PILD (reliability Cronbach
alpha = 0.74). The reliability Cronbach alpha provides an estimate (varying between 0 and 1) of the
homogeneity (internal consistency) of a measurement instrument or a latent variable composed of a
set of items that all putatively measure the same construct or concept. A Cronbach alpha value close to
1 indicates a high level of internal consistency among the items measuring the construct.

“In general, the majority of elected officials in our municipality believe that”: (ATT-1) municipalities
have an important role to play in protecting the public against Lyme disease, (ATT-2) protecting
the population against Lyme disease should be among our municipality’s priorities, and (ATT-3)
our municipality should take action to reduce the density of infected ticks in the areas under its
responsibility. Participants rated each item on a four-point scale ranging from “strongly disagree” (+1)
to “strongly agree” (+4).

Perceived social norms regarding PILD. Responses to three questions were used to assess municipal
officers’ perception of social norms related to the implementation of PILD (reliability Cronbach alpha
= 0.90): “Using the following response scale, please indicate how much you agree or disagree with the
following statements”: (N-1) Regional bodies to which the municipality belongs have high demands
regarding our municipality’s actions to protect the population against Lyme disease, (N-2) Regional,
provincial, and federal public health authorities have high demands regarding our municipality’s
actions to protect the public against Lyme disease, and (N-3) The population of our municipality has
high expectations regarding our action to protect the population against Lyme disease. Participants
rated each item on a four-point scale ranging from “strongly disagree” (+1) to “strongly agree” (+4).

Perceived control over the implementation of PILD. The questionnaire addressed seven control factors.
Participants rated each item on a four-point scale ranging from “strongly disagree” (+1) to “strongly
agree” (+4) (reliability Cronbach alpha = 0.80): “Using the following response scale, please indicate
how much you agree or disagree with the following statements”: (B-1) The role of municipalities in
protecting the public against Lyme disease is unclear, (B-2) there is no consensus among specialists
on the methods and techniques to be put in place to protect the population against Lyme disease,
(B-3) there is little concrete and useful information on the protection of the population against Lyme
disease in the official documentation, (B-4) employees in our municipality are too overburdened with
their basic responsibilities to spend time protecting the public against Lyme disease, (B-5) actions
to protect the population against Lyme disease are in areas beyond the scope of the municipalities,
(B-6) it is difficult to achieve joint action with the other actors in our region in terms of protecting the
population against Lyme disease, (B-7) it is difficult to have an internal budget to fund measures to
protect the population against Lyme disease.

2.2.2. Background Factors

Background factors refer, for instance, to demographics, personality, beliefs, and other individual
differences that can influence behavior indirectly by influencing a person’s behavioral and normative
beliefs. In our model, perceived vulnerability and perceived severity, as perceived by municipal
officers, were included as background factors.

Perceived vulnerability. First, the respondents were asked the following question: “Do you believe
it is possible to contract Lyme disease in your municipality?” For those who answered “Yes,” a second
question assessed their perceived risk severity on a five-point scale ranging from “very low” (+1) to
“very high” (+5). A score of 0 was given to the respondents who answered “No” to the first question.

Perceived severity. Responses to two questions were used as reflective indicators of perceived
severity (correlation coefficient r = 0.81): (S-1) “If a person has Lyme disease, do you think the negative
impact on his/her physical health would be . . . ,” (S-2) “Do you think that the negative consequences
on that person’s mental health would be . . . ” Participants rated each item on a four-point scale ranging
from “No negative consequences” (+1) to “very severe consequences” (+4).
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2.2.3. Dependent Variables

Intentions. Intentions were assessed by computing the mean response to the following three
items (reliability Cronbach alpha = 0.94): “Using the following response scale, please indicate how
much you agree or disagree with the following statements. As part of my duties:” (INT-1) “I intend to
prioritize the protection of the population against Lyme disease over the next three years,” (INT-2)
“I am determined to take action to prioritize the protection of the population against Lyme disease
over the next three years,” and (INT-3) “I plan to regularly propose measures to protect the population
against Lyme disease over the next three years.” Responses were provided on four-point scales ranging
from “strongly disagree” (+1) to “strongly agree” (+4).

PILD Index. To measure the PILD adopted by municipal authorities, we developed and validated
an index, hereinafter named PILD index. It is formed from a set of indicators referring to interventions
that municipal authorities could adopt to prevent Lyme disease. The list of interventions was developed
based on literature reviews concerning PILD recommended in the scientific and grey literature and
was reviewed by a group of Lyme disease experts.

The PILD index is composed of four dimensions corresponding respectively to the following
four specific groups of interventions that municipal authorities could implement: (PILD-1) Seeking
information (e.g., whether the municipality is located in an area where people are at risk for Lyme
disease), (PILD-2) discussing and implementing interventions (e.g., removing vegetation along walking
paths), (PILD-3) informing the population (e.g., tips to remove the tick), (PILD-4) upstream actions
(e.g., drafting a briefing note regarding Lyme disease to a decision-making (e.g., City Council) or
advisory (e.g., Planning Advisory Committee) body). The interventions composing each of these four
dimensions, the questions used in the survey, the response scales, and the method used to create the
score are presented in Table 3.

2.2.4. Creation of the PILD Index

The purpose of the first part of our analysis was to create the PILD index. To that end, item analysis
and confirmatory factor analysis were performed. Because the creation of this index goes beyond the
scope of this article, we will only briefly present the method used.

Second, to determine which groups of interventions could be retained in the created index,
we assessed its psychometric qualities. To that end, we performed an item analysis, using Samejima’s
graded response model [60]. The objective of this item analysis was to assess the performance of the items
according to certain psychometric parameters (e.g., the ability to distinguish between municipalities
who implement PILD and those that do not) and to determine which items to retain in the final measure.
This analysis led us to exclude interventions related to lawn mowing and grounds maintenance from
the PILD index. Unlike those in the other four groups, these two interventions are not specific to
municipalities who are more likely to implement preventive interventions for Lyme disease.

Third, we conducted a confirmatory factor analysis (CFA) to assess the unidimensionality of the index.
We tested a parsimonious model that included the four retained interventions within a single construct
representing the implementation of PILD. We then assessed the compatibility of the empirical data with
this hypothetical measurement model using various fit indices as operationalized in Mplus 8 [61].

Finally, with the retained groups of interventions, we calculated a score of the municipalities’
levels of implementation of PILD. More specifically, for each respondent, we calculated the average
score associated with the final four groups of interventions retained. This procedure was chosen to
give the same weight to all groups of interventions.
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Table 3. Implementation of preventive interventions for Lyme disease measured at the municipal authorities’ level (PILD index).

Questions Used and Preventive Interventions Scale Method Used to Create the Score
(Min. and Max.)

Seeking information (PILD-1)

Using the following scale of responses, please indicate if you, or someone else
employed by your municipality, has already inquired about...
Whether the municipality is located in an area where people are at risk for Lyme disease
About ways to better prevent Lyme disease
About the impact Lyme disease may have on physical or mental health

(1) Yes, (0) No Sum of all 3 items
(Min = 0; Max = 3)

Actions discussed and actions
implemented (PILD-2)

Using the following scale, please indicate the extent to which staff in your municipality
have, over the last 2 years, (discussed/implemented) the following actions to protect the
population from Lyme disease.
Separate woodlots from the lawn with wood chips, mulch, or gravel
Place children’s games and sandboxes away from the edge of woodland
Place children’s games and sandboxes that are near woodlots on a structure made of
woodchips or mulch
Protect areas surrounding buildings located near wooded areas by pavement, low wall,
or plantation container
Remove vegetation along walking paths
Delineate public access woodlots with gates to keep away deer

(0) Never,
(1) To my knowledge this was discussed
at an official meeting,
(2) This has been implemented

Sum of all 6 items
(Min = 0; Max = 12)
(6–12) A majority of the actions were
implemented. Final score of 2.
(1–5) Few actions were implemented or
discussed. Final score of 1.
(0) Nothing was discussed or
implemented. Final score of 0.
(Min = 0; Max = 2)

Information to the population
(PILD-3)

Using the following scale of response, please indicate whether your municipality has
already made available information about Lyme disease, for example on the
municipality’s website, via flyers, or information boards at the parks entrance.
List of nine types of information made available about Lyme disease, (e.g., on the
municipality’s website, in leaflets, or on information boards at park entrances)
Areas where people are at risk of acquiring Lyme disease in the area
A description of the disease
A description of the tick
A description of the symptoms
Possible protection and prevention measures
Tips to remove the tick
Information on what to do with the tick once removed
References for more information on the disease
References about who and when to consult for medical advice

(1) Yes, (0) No Sum of all 9 items
Min = 0; Max = 9

Upstream actions (PILD-4)

Have you, or anyone else employed by your municipality, ever . . .
Read the information provided by the staff of a regional health and social services
center about the municipality being located on a territory where people are at risk of
contracting Lyme disease
Drafted a briefing note regarding Lyme disease to a decision-making (e.g., City Council)
or advisory (e.g., Planning Advisory Committee) body
Proposed action recommendations for Lyme disease to a decision-making (e.g., City
Council) or advisory (e.g., Planning Advisory Committee) body
Worked to develop partnerships or collaborations with other organizations (e.g., a
health and social services center, department of public health, health and social services
ministry) with the aim of dealing with Lyme disease
Worked to develop an action plan for the municipality with respect to Lyme disease

(1) Yes, (0) No Sum of all 5 items
Min = 0; Max = 5
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2.3. Statistical Analysis

2.3.1. Determinants of Municipal Authorities’ Implementation of PILD

For the purpose of identifying the factors leading municipal authorities to implement PILD
and of determining whether perceived barriers moderate the intention-implementation relationship,
we performed two statistical analyses. First, we tested a model that included TPB and HBM
constructs in which the intention-implementation relationship was not moderated by the perceived
barriers. Second, the model tested included a moderating effect of the perceived barriers on the
intention-implementation relationship.

Structural equation methods (SEM) with Mplus 8.0 [61] were used for all the analyses. It is
recommended that multiple indicators be used for each latent variable in SEM because scores from
multiple indicators tend to be more reliable and valid than those from a single indicator [62].

For the first model, weighted least square mean and variance adjusted estimation (WLSMV) was
used because this estimator is more robust with categorical variables and large numbers of factors.
The WLSMV estimation method also performs better than the MLR estimator in terms of computation
time [63]. Because the second model included the test of a moderating effect, maximum likelihood
estimation (ML) or maximum likelihood estimation with robust standard errors (MLR) were the estimators
we could use. We chose MLR because this method is robust with respect to the non-normal distribution
of scores [64].

Given the known oversensitivity of the chi-square test to sample size, minor deviations from
normality, and minor model misspecifications, model fit is usually assessed with sample-size-independent
fit indices, such as the comparative fit index (CFI), the Tucker-Lewis index (TLI), and the root mean
squared error of approximation (RMSEA). According to conventional rules of thumb [62,65], acceptable
and excellent model fit is indicated by CFI and TLI values greater than 0.90 and 0.95, respectively, and by
RMSEA values smaller than 0.08 and 0.06, respectively.

Due to missing data, before performing SEM analyses, we ran an imputation method called MICE
(Multiple imputation by chained equation) using the MICE package (version 3.3.0) for R [66]. For this
analysis we used R (version 3.5.1) with RStudio (version 1.1.456), on PC [67]. We used sociodemographic
variables, the TBP variables, and HBM variables for the imputation. Through this method, we generated
10 imputed datasets, which were then used for all the following analyses. The Mplus program was used
to pool the results from the 10 datasets.

3. Results

3.1. Descriptive Statistics

Means (M) and standard deviations (SD) for each measure are reported in Table 4. Municipal
officers reported that their municipality implemented a low number of PILD (M = 5.61 on a maximum
score of 19 (theoretical range from 0 to 19), SD = 5.25). The mean intervention implementation score
was 1.63/3 (SD = 1.31) for the group on seeking information, 2.55/9 (SD = 3.33) for the group on
disseminating information to the population, 0.47/2 (SD = 0.71) for the group on interventions discussed
and implemented, and 0.73/5 (SD = 1.04) for the group on upstream actions.

We assessed the link between the municipalities’ levels of involvement in PILD and their location
(i.e., the health regions), and their size. A two-way ANOVA was conducted to compare the level of
PILD implementation between health regions and population sizes. There was at least one significant
mean difference in the implementation of PILD between health regions: The p < 0.01 level (F(9,190) =

11.13, p < 0.0001). However, the mean score of PILD implementation did not differ according to the
municipalities’ population size.

We then performed least squares means multiple comparisons using a Tukey-Kramer correction
for health regions. The test indicated that the implementation of PILD was significantly higher in two
of the 10 health regions: Monteregie and Estrie showed higher rates of implementation of PILD than
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eight and six of the other health regions, respectively. These two regions had the highest number by
far of cases of Lyme disease in 2018 [11].

Regarding the TPB variables, municipal officers reported a moderate intention to implement
PILD (M = 2.42 on a maximum score of 4, SD = 0.73), a strong attitude toward PILD (M = 2.71 on a
maximum score of 4, SD = 0.61), moderate perceived social pressure (M = 2.23 on a maximum score of
4, SD = 0.75), and strong perceived barriers to (or weak perceived control over) the implementation
of PILD (M = 3.06 on a maximum score of 4, SD = 0.47). Regarding perceived vulnerability to Lyme
disease, municipal officers thought that the population was moderately at risk of contracting Lyme
disease (M = 2.52 on a maximum score of 5, SD = 1.34). Furthermore, municipal officers perceived
a strong risk that Lyme disease would have a negative impact on people’s health (M = 3.22 on a
maximum score of 4, SD = 0.54). Results of correlations revealed that almost all the TPB variables
correlated significantly with intentions or implementation of PILD, while HBM variables correlated
significantly only with the implementation of PILD (see Table 4).

Table 4. Means, standard deviations, and correlations between the theory of planned behavior (TPB)
variables, perceived vulnerability, and perceived severity.

Variables # of
Items M SD 1 2 3 4 5 6 7

1. PILD index 4 5.61 5.25 -
2. Intention 3 2.42 0.73 0.322 ** -
3. Attitude 3 2.71 0.61 0.236 ** 0.683 ** -
4. Perceived
social norms 3 2.23 0.75 0.305 ** 0.415 ** 0.481 ** -

5. Perceived
control (barriers) 7 3.06 0.47 −0.042 −0.242 * −0.211 -0.028 -

6. Perceived
vulnerability 1 2.52 1.34 0.479 ** 0.131 0.131 0.075 0.059 -

7. Perceived
severity 2 3.22 0.54 0.218 ** 0.157 0.213* 0.161 −0.029 0.230 ** -

Notes. Theoretical range for the PILD index: [0,19]; Theoretical range for intention: [1,4]; Theoretical range for
attitude: [1,4]; Theoretical range for social norms: [1,4]; Theoretical range for perceived control (barriers): [1,4];
Theoretical range for perceived vulnerability: [0,5]; Theoretical range for perceived severity: [1,4]. * p < 0.05.
** p < 0.01.

3.2. Test of the TPB Model with HBM Constructs without Moderating Effect

The test of the TPB model showed that the model accounted for 79.3% of the variance in intentions
to implement PILD and 20.6% of the variance in PILD implementation (see Figure 2). Among
the proximal determinants of the TPB, only attitudes were significantly associated with intentions
(standardized beta, β = 0.816, p < 0.01). The association of intentions (β = 0.453, p < 0.01) with the
implementation of PILD was significant. The fit of the model to the data was excellent: CFI = 0.932,
TLI = 0.921 and RMSEA = 0.074, χ2(217) = 419.89.
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Figure 2. TPB and health belief model (HBM) variables predicting the implementation of preventive
interventions for Lyme disease. Note. Correlations between predictor variables were: 0.584 *** between
attitude and perceived social norms; −0.288 *** between attitudes and perceived control (barriers)
over the implementation of PILD; −0.043 between social norms and perceived control (barriers) over
the implementation of PILD; and 0.272 *** between perceived vulnerability and perceived severity.
** p < 0.05. *** p < 0.01.

3.3. Test of the TPB Model with HBM Constructs with Moderating Effect

In the second analysis, we tested the same model, with the exception that a moderating effect on
the intention-implementation relationship was added in the former model (Figure 3). No model fit
information is given when a model includes an interaction term. The percentage of variance explained
by this second model was higher for the prediction of the implementation of PILD (25.5%, that is +

4.9%), but lower for the prediction of the intentions to implement PILD (75.0%, that is −4.3%). Notably,
the model showed that the intention-PILD implementation association was moderated by the perceived
control (barriers) over the implementation of PILD (β = −0.297, p < 0.01). This means that the strength
of the association between intentions and the implementation of PILD was reduced when municipal
officers perceived barriers to implementing PILD.

Both models showed that attitudes were significant predictors of intentions to implement PILD.
Moreover, the association between municipal officers’ attitudes toward the adoption of PILD and
their behavioral intentions was stronger in the model that included the moderating effect (β = 0.869
comparatively to 0.816).
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Making information available to the population was the second most common group of actions 
among the interventions evaluated. This is not surprising, as according to Piesman and Eisen [27], 
this category of measures, which refers to education and sensitization of at-risk populations, is 
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Figure 3. TPB and HBM variables predicting the implementation of preventive interventions for Lyme
disease, with moderation effect. Note. Correlations between predictor variables were: 0.590 *** between
attitude and perceived social norms; −0.192 between attitudes and perceived control (barriers) over
the implementation of PILD; −0.041 between social norms and perceived control (barriers) over the
implementation of PILD; 0.256 ** between perceived vulnerability and perceived severity. ** p < 0.05.
*** p < 0.01.

4. Discussion

4.1. Implementation of Preventive Interventions for Lyme Disease by Municipal Authorities

The creation of a validated, rigorous index formed from a set of indicators referring to interventions
that municipal officers could implement to prevent Lyme disease allowed us to draw a portrait of the
actions undertaken regarding this issue by the 820 Quebec municipalities that are at risk for Lyme
disease. Thanks to this index, it will be possible to evaluate the evolution over time of their adaptation
to Lyme disease.

The portrait of the preventive interventions for Lyme disease implemented by the 820 Quebec
municipalities indicates that municipal authorities are moderately active in seeking information on
whether their municipality is in an area where people are at risk for Lyme disease, about ways to better
prevent Lyme disease, or regarding the impact that Lyme disease may have on physical or mental health.
This result suggests that some municipal authorities are aware of the Lyme disease situation and are
indeed eager to know more about it, but that many municipalities are still lagging on that matter.

Making information available to the population was the second most common group of actions among
the interventions evaluated. This is not surprising, as according to Piesman and Eisen [27], this category of
measures, which refers to education and sensitization of at-risk populations, is currently the main public
health strategy adopted by most countries. In this regard, various activities that engage communities and
workers, which are not education/sensitization actions, are starting to take off in Quebec [68].

These results are also similar to those from other studies on tracking the progress of adaptation,
which indicate that adaptations being implemented by municipalities and civil society organizations
in Canada consist predominantly of groundwork interventions, such as awareness, research,
and networking activities that aim to build adaptive capacity [24,54,69]. Still, municipalities’ adaptation
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to Lyme disease does not involve many specific adaptation actions, not even the development and
planning stages to implement such actions. In fact, upstream actions like drafting briefing notes,
proposing actions, working on developing partnerships with other organizations, and working on
action plans, were seldom mentioned by respondents (see Section 3.1).

Our results also show that municipalities rarely implement preventive environmental measures
aimed at protecting the population from ticks. We have not identified any similar studies at the
organizational level, but those at the individual level have shown that individual homeowners or
homeowner associations tend to rely on public service interventions [70]. This may suggest that a
reverse phenomenon would be at play at the municipal level. Because tick control could be seen as an
individual responsibility, efforts by the municipality would be limited mainly to seeking information
and communicating it to the population, with the idea of encouraging the population to adopt
preventive behaviors. This specific barrier could be interesting to investigate in future research in a
municipal setting. As indicated earlier in the introduction, municipalities in the province of Quebec do
not have an official mandate at this time to act on Lyme disease. The responsibility for public health
interventions rests with the Ministry of Health and Social Services. The option for municipalities to
be more active in the prevention of Lyme disease is still being debated. There may thus be a gap,
given that the risk for this disease varies substantially within small geographical areas. Preventive
interventions that are most likely to be effective should be implemented at the local level. In this regard,
municipalities have an advantage, which, to date, has not been exploited. This is different from other
Canadian provinces, where public health officers are always visible at the municipal level.

4.2. Factors Leading Some Municipalities to Be Active in Lyme Disease Prevention

Overall, the results of this study showed the usefulness of combining TPB and HBM as a framework
for understanding the implementation of preventive interventions for Lyme disease, as well as the
intentions to implement such interventions by municipal officers. Our models demonstrated good fit,
and the introduction of a moderating effect of the perceived barriers in the intention-implementation
relationship improved by 4.9% the level of explained variance in intervention implementation. Finally,
our questionnaire explained a high percentage of the intention variance (75%), making it a good
questionnaire for further studies in this field.

Our results partially confirmed our first and second hypotheses: Whereas only one proximal factor
of the TPB (attitudes) was significantly associated with behavioral intentions, behavioral intentions
were a significant predictor of the adoption of preventive behaviors. However, the perception of the
social norms regarding PILD was not a significant predictor of the intentions to implement PILD.
This means that such intentions and actions are less the result of pressure felt by municipal officers
from regional bodies, public health authorities, and the population, for example, than of municipal
officers’ positive attitudes toward the importance of their municipality’s actions regarding Lyme
disease. This result is consistent with findings from a similar study, targeting municipal officers in the
province of Quebec but pertaining to the adoption of heat and flood adaptation behaviors [54]. Indeed,
that study also showed that social norms were not predictors of intentions to act.

The model did not show a significant relationship between perceived control (barriers) over the
implementation of PILD and intention to implement PILD. Instead, our results indicated that perceived
barriers to PILD played a significant role in the model, but by negatively moderating the strength
of the relationship between intentions and actual implementation of PILD, which is in line with our
third hypothesis. As expected, respondents showed a high level of perceived barriers (score of 3.06/4,
the highest for a proximal factor). This is an interesting finding, given that relatively few studies
have submitted this hypothesis to empirical testing. When it was empirically tested in other studies,
the interaction term was often not significant, and even when it did have a significant regression
coefficient, it tended to account for little or no additional variance in the prediction of behaviors; for a
review on this issue, see Fishbein and Ajzen [52]. In our case, the addition of the moderating effect
increased the proportion of explained variance in intervention implementation by 4.9%. However,
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this increase came at the cost of a decrease in the proportion of explained variance in intentions
(decrease of 4.3%). This result, however, must be interpreted with caution, as it is impossible to know
whether this increase in the variance explained is due simply to the addition of the interaction term or
to the change of the estimation method (MLR instead of WLSMV).

This could indicate that whereas showing a strong predisposition on the respondent’s part to
act on the prevention of Lyme disease, this intention comes up against a certain reality of barriers
that impede the authorities’ actual capacity to act. This is an important finding, as urban planners
or environmental officers may be unable to truly act on their intentions despite displaying a positive
attitude toward the implementation of PILD. A closer look at the specific barriers shows that budget
(B-7), difficulties achieving joint action with other regional actors (B-6), and workload and overburden
(B-4) appear to be the most important barriers and are all factors over which municipal officers have
little or no control.

Finally, in line with our fourth hypothesis, perceived severity of the impacts of Lyme disease on
physical and mental health and perceived vulnerability (i.e., whether respondents feel that it is possible
to contract Lyme disease in their municipality) appear to be linked to attitudes toward PILD. However,
the model without moderating effect indicated a small but statistically significant effect size (β = 0.326,
p < 0.01) of perceived severity on attitudes toward PILD, while in the model with moderating effect,
the effect size was smaller and non-significant (β = 0.238, p = 0.101). Still, this result is worthwhile as an
effect size above 0.2 is generally considered as “practically” significant [71]. This means that municipal
officers who perceive high severity and vulnerability tend to show a more positive attitude toward
the intention to implement PILD. Such background factors provide valuable information about the
elements to target in the context of training modules for municipal staff, with a view to strengthening
municipal officers’ attitudes, and then improving their intentions to implement PILD.

This study has some limitations, such as its reliance on self-reports of PILD implementation and
the possibility of respondents overestimating the extent to which their municipality implemented these
interventions. Of course, it would have been virtually impossible to obtain objective measures for
the wide variety of interventions we tried to assess and, in any case, the present study is comparable
in this regard to most other studies on pro-environmental behavior [72–74]. Our assurance to the
participants that their responses were anonymous was designed to mitigate the tendency toward
socially desirable responding.

Although consistent with findings in other behavioral domains, a second limitation is that the TPB
model (to which we added two variables from the HBM) predicted only 25.5% of our general measure
of PILD implementation. This may be in part because we were not trying to predict the implementation
of one specific intervention but rather a series of interventions, which is much harder to accomplish.
As Fishbein and Ajzen [52] stipulate, in order to obtain an accurate prediction, the context in which the
behavior/intervention takes place needs to be specific. In our case, municipalities were our level of
analysis, while our respondents were municipal officers that may not have known all the actions that
their municipalities had adopted to prevent Lyme disease. Furthermore, the person who responded
to our questionnaire may not be the same person who acted, which means that the target element of
the intention differed from the target element of the behavior/intervention. This situation, described
by Fishbein and Ajzen [52] as behavioral incompatibility, could account for the large difference in
explained variance between intention (75.0%) and PILD implementation (25.5%).

A third limitation relates to the validity of our PILD implementation measure. Although
we consulted people working in municipalities, as well as public health experts on Lyme disease,
our protocol did not include a pilot qualitative study. This would have provided a deeper understanding
of municipal authorities’ behavioral beliefs, social norm beliefs, and control beliefs, as well as other
examples of possible PILD. Such a study might help to refine, update, and adapt our tool and
questionnaire to make them fit the context of municipal officers who are responsible for implementing
PILD. Conducting focus groups or interviews with municipal representatives would have helped
produce a more accurate measurement of the subjective dimensions in our model (beliefs, attitudes,
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perceptions, etc.). That said, since our goal was to develop an index, the research design could not be
based solely on qualitative methods, since it would be impossible to generate enough observations to
validate the psychometric quality of the measurement instrument. To ensure the validity of the PILD
index, a future study should be conducted to reproduce the index and verify its invariance in time and
its factor stability. Focus groups could then be used to identify the beliefs underlying attitudes and
perceptions among municipal officials.

As a fourth limitation, although our study had an interesting response rate (36%), we cannot
rule out the risk of selection bias and a response bias, where the respondents may be different from
the non-respondents and may not be entirely representative of our study population. Furthermore,
in order to keep the questionnaire at a reasonable length (and to maximize our chances of obtaining
a good response rate), we had to give up the measurement of certain variables. For this reason,
we did not measure behavioral, injunctive norm, or control beliefs, which would have enhanced our
understanding of specific beliefs and their influence on the proximal antecedents of intentions, that is,
attitudes, subjective norms, and perceptions of behavioral control.

Finally, our database had variables with high levels of missing values. For this reason, we were
limited in the number of observations and of parameters we could include in our models. For instance,
we were also unable to include the “perceived effectiveness of preventive intervention” variable in our
model because many respondents said they could not answer such a question, not having tried the
measures mentioned themselves.

5. Conclusions

In conclusion, our results suggest that whereas working on attitudes is important, it will not be
sufficient to overcome the real (or perceived) barriers. Given that municipal officers have little control
over such barriers as non-availability of a special budget or the absence of prioritization by elected
officials, training content should aim specifically at reinforcing their skills to enable them to integrate
Lyme disease prevention in actions or decision-making processes that they can actually influence. As it
is the case with adaptation to climate change in general, Lyme disease prevention initiatives are likely
to be mainstreamed, in other words, to be integrated into existing projects, actions, plans, strategies,
etc. [75]. Given municipal staff’s lack of control, the mainstreaming of Lyme disease prevention appears
to be a promising strategy, provided that they develop the skills needed to incrementally integrate
Lyme disease prevention at their level of action [76].

Author Contributions: Conceptualization, P.V.; Data curation, M.T.; Formal analysis, D.T. and M.T.; Investigation,
J.J.; Methodology, P.V.; Project administration, P.V.; Supervision, P.V.; Validation, C.A., C.B., S.B. and D.T.;
Writing—original draft, J.J.; Writing—review and editing, J.J., C.A., C.B. and S.B..

Funding: This research was funded by the Green Fund of the Québec government (QC, Canada) as part of the
2013–2020 Climate Change Action Plan (http://www.mddelcc.gouv.qc.ca/cgfv/programmes.htm).

Acknowledgments: We gratefully acknowledge financial support from the Green Fund, funded by the Institut
national de santé publique du Québec (INSPQ).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. INSPQ Maladies Vectorielles et Zoonoses—Mon Climat, Ma Santé. Available online: http://www.
monclimatmasante.qc.ca/maladies-vectorielles-et-zoonoses.aspx (accessed on 24 October 2018).

2. Costello, A.; Abbas, M.; Allen, A. Managing the health effects of climate change (Correction to: The Lancet
2009, 373, 1693–1733). Lancet 2009, 373, 2200.

3. Gage, K.L.; Burkot, T.R.; Eisen, R.J.; Hayes, E.B. Climate and Vectorborne Diseases. Am. J. Prev. Med. 2008,
35, 436–450. [CrossRef]

4. Ogden, N.H.; Lindsay, L.R.; Morshed, M.; Sockett, P.N.; Artsob, H. The emergence of Lyme disease in Canada.
Can. Med Assoc. J. 2009, 180, 1221–1224. [CrossRef] [PubMed]

http://www.mddelcc.gouv.qc.ca/cgfv/programmes.htm
http://www.monclimatmasante.qc.ca/maladies-vectorielles-et-zoonoses.aspx
http://www.monclimatmasante.qc.ca/maladies-vectorielles-et-zoonoses.aspx
http://dx.doi.org/10.1016/j.amepre.2008.08.030
http://dx.doi.org/10.1503/cmaj.080148
http://www.ncbi.nlm.nih.gov/pubmed/19506281


Int. J. Environ. Res. Public Health 2019, 16, 1547 17 of 20

5. Aguero-Rosenfeld, M.E.; Wang, G.; Schwartz, I.; Wormser, G.P. Diagnosis of Lyme Borreliosis. Clin. Microbiol. Rev.
2005, 18, 484–509. [CrossRef] [PubMed]

6. Bouchard, C.; Leonard, E.; Koffi, J.K.; Pelcat, Y.; Peregrine, A.; Chilton, N.; Rochon, K.; Lysyk, T.; Lindsay, L.R.;
Ogden, N.H. The increasing risk of Lyme disease in Canada. Can. Vet. J. 2015, 56, 693. [PubMed]

7. Leighton, P.A.; Koffi, J.K.; Pelcat, Y.; Lindsay, L.R.; Ogden, N.H. 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, 457–464. [CrossRef]

8. Brownstein, J.; Holford, T.; Fish, D. Effect of climate change on Lyme Disease risk in North America. Ecohealth
2005, 2, 38–46. [CrossRef] [PubMed]

9. Bouchard, C.; Beauchamp, G.; Leighton, P.A.; Lindsay, R.; Bélanger, D.; Ogden, N.H. Does high biodiversity
reduce the risk of Lyme disease invasion? Parasites Vectors 2013, 6, 195. [CrossRef] [PubMed]

10. Ogden, N.H.; Bouchard, C.; Kurtenbach, K.; Margos, G.; Lindsay, L.R.; Trudel, L.; Nguon, S.; Milord, F. Active
and passive surveillance and phylogenetic analysis of Borrelia burgdorferi elucidate the process of Lyme
disease risk emergence in Canada. Environ. Health Perspect. 2010, 118, 909. [CrossRef] [PubMed]

11. MSSS Tableau des cas Humains—Bilan 2018—Maladie de Lyme—Professionnels de la santé—MSSS. Available
online: http://www.msss.gouv.qc.ca/professionnels/zoonoses/maladie-lyme/tableau-des-cas-humains-bilan/

(accessed on 24 October 2018).
12. IPCC Annex II: Glossary. Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects.

Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
[Barros, V. R., Field C. B., Dokken D. J. et al. (eds.)]; Agard, J., Schipper, L.F., Birkmann, J., Campos, M.,
Dubeux, C., Nojiri, Y., Olsson, L., Osman-Elasha, B., Pelling, M., Prather, M.J., et al. Eds.; Cambridge
University Press: Cambridge, UK; New York, NY, USA, 2014; pp. 1757–1776.

13. Smith, K.R.; Woodward, A.; Campbell-Lendrum, D.; Chadee, D.D.; Honda, Y.; Qiyong, L.; Olwoch, J.M.;
Revich, B.; Sauerborn, R. Human Health: Impacts, Adaptation, and Co-Benefits. In Climate Change 2014:
Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contrubtion of Working Group II to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change; Confalonieri, U., Haines, A., Eds.;
Cambridge University Press: Cambridge, UK; New York, NY, USA, 2014; Volume 1, pp. 709–754.

14. Bélanger, D.; Abdous, B.; Gosselin, P.; Valois, P. An adaptation index to high summer heat associated with
adverse health impacts in deprived neighborhoods. Clim. Chang. 2015, 132, 279–293.

15. Araos, M.; Austin, S.E.; Berrang-Ford, L.; Ford, J.D. Public Health Adaptation to Climate Change in Large
Cities: A Global Baseline. Int. J. Health Serv. 2016, 46, 53–78. [CrossRef] [PubMed]

16. Austin, S.E.; Ford, J.D.; Berrang-Ford, L.; Araos, M.; Parker, S.; Fleury, M.D. Public health adaptation to
climate change in Canadian jurisdictions. Int. J. Environ. Res. Public Health 2015, 12, 623–651. [CrossRef]

17. Beard, C.B.; Eisen, R.J.; Barker, C.M.; Garofalo, J.F.; Hahn, M.; Hayden, M.; Monaghan, A.J.; Ogden, N.H.;
Schramm, P.J. Ch. 5: Vectorborne Diseases; U.S. Global Change Research Program: Washington, DC, USA,
2016; pp. 129–156.

18. Ogden, N.; Sockett, P.; Fleury, M. Public Health in Canada and Adaptation to Infectious Disease Risks of
Climate Change: Are We Planning or Just Keeping Our Fingers Crossed? In Climate Change Adaptation in
Developed Nations; Springer: Dordrecht, The Netherlands, 2011; pp. 161–175.

19. Bulkeley, H.; Broto, V.C.; Edwards, G. Bringing climate change to the city: towards low carbon urbanism?
Local Environ. 2012, 17, 545–551. [CrossRef]

20. Henstra, D. Toward the climate-resilient city: extreme weather and urban climate adaptation policies in two
Canadian provinces. J. Comp. Policy Anal. Res. Pract. 2012, 14, 175–194. [CrossRef]

21. Gore, C.; Robinson, P. Local Government Response to Climate Change: Our Last, Best Hope? In Changing
Climates in North American Politics: Institutions, Policymaking and Multilevel Governance; Selin, H.,
VanDeveer, S.D., Eds.; MIT Press: Cambridge, MA, USA, 2009; pp. 137–158.

22. Ebi, K.L.; Semenza, J.C. Community-Based Adaptation to the Health Impacts of Climate Change. Am. J.
Prev. Med. 2008, 35, 501–507. [CrossRef] [PubMed]

23. Bulkeley, H.; Tuts, R. Understanding urban vulnerability, adaptation and resilience in the context of climate
change. Local Environ. 2013, 18, 646–662. [CrossRef]

24. Poutiainen, C.; Berrang-Ford, L.; Ford, J.; Heymann, J. Civil society organizations and adaptation to the
health effects of climate change in Canada. Public Health 2013, 127, 403–409. [CrossRef] [PubMed]

http://dx.doi.org/10.1128/CMR.18.3.484-509.2005
http://www.ncbi.nlm.nih.gov/pubmed/16020686
http://www.ncbi.nlm.nih.gov/pubmed/26130829
http://dx.doi.org/10.1111/j.1365-2664.2012.02112.x
http://dx.doi.org/10.1007/s10393-004-0139-x
http://www.ncbi.nlm.nih.gov/pubmed/19008966
http://dx.doi.org/10.1186/1756-3305-6-195
http://www.ncbi.nlm.nih.gov/pubmed/23816142
http://dx.doi.org/10.1289/ehp.0901766
http://www.ncbi.nlm.nih.gov/pubmed/20421192
http://www.msss.gouv.qc.ca/professionnels/zoonoses/maladie-lyme/tableau-des-cas-humains-bilan/
http://dx.doi.org/10.1177/0020731415621458
http://www.ncbi.nlm.nih.gov/pubmed/26705309
http://dx.doi.org/10.3390/ijerph120100623
http://dx.doi.org/10.1080/13549839.2012.681464
http://dx.doi.org/10.1080/13876988.2012.665215
http://dx.doi.org/10.1016/j.amepre.2008.08.018
http://www.ncbi.nlm.nih.gov/pubmed/18929976
http://dx.doi.org/10.1080/13549839.2013.788479
http://dx.doi.org/10.1016/j.puhe.2013.02.004
http://www.ncbi.nlm.nih.gov/pubmed/23583032


Int. J. Environ. Res. Public Health 2019, 16, 1547 18 of 20

25. Schwartz, E. Local Solutions to A Global Problem?: Canadian Municipal Policy Responses to Climate Change.
Ph.D. Thesis, University of British Columbia, Vancouver, BC, Canada, 20 April.

26. Aenishaenslin, C.; Michel, P.; Ravel, A.; Gern, L.; Waaub, J.-P.; Milord, F.; Bélanger, D. Acceptability of
tick control interventions to prevent Lyme disease in Switzerland and Canada: A mixed-method study.
BMC Public Health 2016, 16, 12. [CrossRef]

27. Piesman, J.; Eisen, L. Prevention of tick-borne diseases. Annu. Rev. Entomol. 2008, 53, 323–343. [CrossRef]
[PubMed]

28. Gould, L.H.; Nelson, R.S.; Griffith, K.S.; Hayes, E.B.; Piesman, J.; Mead, P.S.; Cartter, M.L. Knowledge,
attitudes, and behaviors regarding Lyme disease prevention among Connecticut residents, 1999–2004.
Vector orne Zoonotic Dis. 2008, 8, 769–776. [CrossRef] [PubMed]

29. Aenishaenslin, C.; Michel, P.; Ravel, A.; Gern, L.; Milord, F.; Waaub, J.-P.; Bélanger, D. Factors associated
with preventive behaviors regarding Lyme disease in Canada and Switzerland: a comparative study.
BMC Public Health 2015, 15, 185–195. [CrossRef]

30. Phillips, C.B.; Liang, M.H.; Sangha, O.; Wright, E.A.; Fossel, A.H.; Lew, R.A.; Fossel, K.K.; Shadick, N.A.
Lyme disease and preventive behaviors in residents of Nantucket Island, Massachusetts. Am. J. Prev. Med.
2001, 20, 219–224. [CrossRef]

31. Aenishaenslin, C.; Bouchard, C.; Koffi, J.K.; Ogden, N.H. Exposure and preventive behaviours toward ticks
and Lyme disease in Canada: Results from a first national survey. Ticks Tick-Borne Dis. 2017, 8, 112–118.
[CrossRef]

32. Aenishaenslin, C.; Bouchard, C.; Koffi, J.K.; Pelcat, Y.; Ogden, N.H. Evidence of rapid changes in Lyme
disease awareness in Canada. Ticks Tick-Borne Dis. 2016, 7, 1067–1074. [CrossRef] [PubMed]

33. Mowbray, F.; Amlôt, R.; Rubin, G.J. Ticking All the Boxes? A Systematic Review of Education and
Communication Interventions to Prevent Tick-Borne Disease. Vector-Borne Zoonotic Dis. 2012, 12, 817–825.
[CrossRef] [PubMed]

34. Fielding, G.; McPherson, M.; Hansen-Ketchum, P.; MacDougall, D.; Beltrami, H.; Dunn, J. Climate change
projections and public health systems: Building evidence-informed connections. One Health 2016, 2, 152–154.
[CrossRef] [PubMed]

35. Malouin, R.; Winch, P.; Leontsini, E.; Glass, G.; Simon, D.; Hayes, E.B.; Schwartz, B.S. Longitudinal evaluation
of an educational intervention for preventing tick bites in an area with endemic lyme disease in Baltimore
County, Maryland. Am. J. Epidemiol. 2003, 157, 1039–1051. [CrossRef] [PubMed]

36. Daltroy, L.H.; Phillips, C.; Lew, R.; Wright, E.; Shadick, N.A.; Liang, M.H. A Controlled Trial of a Novel
Primary Prevention Program for Lyme Disease and Other Tick-Borne Illnesses. Health Educ. Behav. 2006, 34,
531–542. [CrossRef] [PubMed]

37. Klöckner, C.A. A comprehensive model of the psychology of environmental behaviour—A meta-analysis.
Glob. Environ. Chang. 2013, 23, 1028–1038. [CrossRef]

38. Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179–211. [CrossRef]
39. Rosenstock, I.M. The Health Belief Model and Preventive Health Behavior. Health Educ. Behav. 1974, 2,

354–386. [CrossRef]
40. Conner, M.; Norman, P. Predicting Health Behaviour; Open University Press: Maidenhead, Berkshire, UK, 2005.
41. Grothmann, T.; Patt, A. Adaptive capacity and human cognition: The process of individual adaptation to

climate change. Glob. Environ. Chang. 2005, 15, 199–213. [CrossRef]
42. Unsworth, K.; Russel, S.V.; Lewandowsky, S.; Lawrence, C.; Fielding, K.; Heath, J.; Evans, A.; Hurlstone, M.J.;

Mcneill, I.M. What about Me? Factors Affecting Individual Adaptive Coping Capacity across Different Population;
National Climate Change Adaptation Research Facility: Gold Coast, Australia, 2013.

43. Nosek, B.A.; Graham, J.; Lindner, N.M.; Kesebir, S.; Hawkins, C.B.; Hahn, C.; Schmidt, K.; Motyl, M.;
Joy-Gaba, J.; Frazier, R. Cumulative and career-stage citation impact of social-personality psychology
programs and their members. Personal. Soc. Psychol. Bull. 2010, 36, 1283–1300. [CrossRef] [PubMed]

44. Ajzen, I. The theory of planned behaviour: Reactions and reflections. Psychol. Health 2011, 26, 1113–1127.
[CrossRef]

45. Gifford, R. Environmental psychology matters. Annu. Rev. Psychol. 2014, 65, 541–579. [CrossRef] [PubMed]
46. Bouchard, C.; Aenishaenslin, C.; Rees, E.E.; Koffi, J.K.; Pelcat, Y.; Ripoche, M.; Milord, F.; Lindsay, L.R.;

Ogden, N.H.; Leighton, P.A. Integrated Social-Behavioral and Ecological Risk Maps to Prioritize Local Public
Health Responses to Lyme Disease. Environ. Health Perspect. 2018, 126, 047008. [CrossRef] [PubMed]

http://dx.doi.org/10.1186/s12889-015-2629-x
http://dx.doi.org/10.1146/annurev.ento.53.103106.093429
http://www.ncbi.nlm.nih.gov/pubmed/17877457
http://dx.doi.org/10.1089/vbz.2007.0221
http://www.ncbi.nlm.nih.gov/pubmed/18637724
http://dx.doi.org/10.1186/s12889-015-1539-2
http://dx.doi.org/10.1016/S0749-3797(00)00315-9
http://dx.doi.org/10.1016/j.ttbdis.2016.10.006
http://dx.doi.org/10.1016/j.ttbdis.2016.09.007
http://www.ncbi.nlm.nih.gov/pubmed/27665265
http://dx.doi.org/10.1089/vbz.2011.0774
http://www.ncbi.nlm.nih.gov/pubmed/22607072
http://dx.doi.org/10.1016/j.onehlt.2016.07.005
http://www.ncbi.nlm.nih.gov/pubmed/28616491
http://dx.doi.org/10.1093/aje/kwg076
http://www.ncbi.nlm.nih.gov/pubmed/12777368
http://dx.doi.org/10.1177/1090198106294646
http://www.ncbi.nlm.nih.gov/pubmed/17468463
http://dx.doi.org/10.1016/j.gloenvcha.2013.05.014
http://dx.doi.org/10.1016/0749-5978(91)90020-T
http://dx.doi.org/10.1177/109019817400200405
http://dx.doi.org/10.1016/j.gloenvcha.2005.01.002
http://dx.doi.org/10.1177/0146167210378111
http://www.ncbi.nlm.nih.gov/pubmed/20668215
http://dx.doi.org/10.1080/08870446.2011.613995
http://dx.doi.org/10.1146/annurev-psych-010213-115048
http://www.ncbi.nlm.nih.gov/pubmed/24050189
http://dx.doi.org/10.1289/EHP1943
http://www.ncbi.nlm.nih.gov/pubmed/29671475


Int. J. Environ. Res. Public Health 2019, 16, 1547 19 of 20

47. Bayles, B.R.; Evans, G.; Allan, B.F. Knowledge and prevention of tick-borne diseases vary across an
urban-to-rural human land-use gradient. Ticks Tick-Borne Dis. 2013, 4, 352–358. [CrossRef] [PubMed]

48. Heller, J.E.; Benito-Garcia, E.; Maher, N.E.; Chibnik, L.B.; Maher, C.P.; Shadick, N.A. Behavioral and attitudes
survey about Lyme disease among a Brazilian population in the endemic area of Martha’s Vineyard,
Massachusetts. J. Immigr. Minor. Health 2010, 12, 373–383. [CrossRef] [PubMed]

49. Llewellyn, D.M.; Brazier, A.; Brown, R.; Cocker, J.; Evans, M.L.; Hampton, J.; Nutley, B.P.; White, J.
Occupational exposure to permethrin during its use as a public hygiene insecticide. Ann. Occup. Hyg. 1996,
40, 499–509. [CrossRef]

50. Sibbald, B. Larvicide debate marks start of another West Nile virus summer. CMAJ 2003, 168, 1455.
51. Ajzen, I. The theory of planned behavior. In Handbook of Theories of Social Psychology; Lange, P.A.M.,

Kruglanski, A.W., Higgins, E.T., Eds.; Sage: London, UK, 2012; Vol. 1, pp. 438–459.
52. Fishbein, M.; Ajzen, I. Predicting and Changing Behavior: The Reasoned Action Approach; Psychology Press:

New York, NY, USA, 2010; ISBN 9780805859249.
53. Ajzen, I. From intentions to actions: A theory of planned behavior. In Action-Control: From Cognition to

Behavior; Kuhl, J., Beckman, J., Eds.; Springer: Heidelberg, Germany, 1985; pp. 11–39.
54. Valois, P.; Jacob, J.; Mehiriz, K.; Talbot, D.; Renaud, J.-S.; Caron, M. Niveau et Déterminants de L’Adaptation Aux

Changements Climatiques Dans Les Municipalités du Québec; OQACC: Québec, QC, Canada, 2017.
55. Briand, S.; Adam-Poupart, A.; Irace-Cima, A.; Thivierge, K. Cartographie du Risque D’Acquisition de la Maladie

de Lyme au Québec: Année 2017; INSPQ: Montreal, QC, Canada, 2017.
56. Whetten, D.A.; Felin, T.; King, B.G. The Practice of Theory Borrowing in Organizational Studies: Current

Issues and Future Directions. J. Manag. 2009, 35, 537–563. [CrossRef]
57. Papagiannakis, G.; Lioukas, S. Values, attitudes and perceptions of managers as predictors of corporate

environmental responsiveness. J. Environ. Manag. 2012, 100, 41–51. [CrossRef]
58. Sharma, P.; Sharma, S. Drivers of Proactive Environmental Strategy in Family Firms. Bus. Ethics Q. 2011, 21,

309–334. [CrossRef]
59. Saha, D.; Paterson, R.G. Local Government Efforts to Promote the “Three Es” of Sustainable Development:

Survey in Medium to Large Cities in the United States. J. Plan. Educ. Res. 2008, 28, 21–37. [CrossRef]
60. Samejima, F. Estimation of Latent Ability Using a Response Pattern of Graded Scores (Psychometrika Monograph No.

17); Psychometric Society: Richmond, VA, USA, 1969.
61. Muthén, L.K.; Muthén, B.O. Mplus User’s Guide, 7th ed.; Muthén & Muthén: Los Angeles, CA, USA, 2015.
62. Kline, R. Principles and Practice of Structural Equation Modeling, 3rd ed.; Guildford Publications: New York,

NY, USA, 2011; ISBN 1-60623-877-9.
63. Muthén, B.O.; Muthén, L.K.; Asparouhov, T. Estimator Choices with Categorical Outcomes. Available online:

https://www.statmodel.com/download/EstimatorChoices.pdf (accessed on 26 April 2019).
64. Muthén, L.K.; Muthén, B.O. Mplus User’s Guide, 6th ed.; Muthén & Muthén: Los Angeles, CA, USA, 2010.
65. Hu, L.; Bentler, P.M. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria

versus new alternatives. Struct. Equ. Modeling: A Multidiscip. J. 1999, 6, 1–55. [CrossRef]
66. Van Buuren, S.; Groothuis-Oudshoorn, K. mice: Multivariate Imputation by Chained Equations. R. J.

Stat. Softw. 2011, 45, 1–67. [CrossRef]
67. The R Project for Statistical Computing. Available online: https://www.r-project.org/ (accessed on 29 April 2019).
68. Forest-Berard, K.; Cima, A.I.; Thivierge, K.; Briand, S.; Milord, F.; Leighton, P.; Lindsay, R.; Adam-Poupart, A.

From Prey to Hunter: Training Park Workers to Carry Out Tick Collection as an Alternative Approach for
Lyme Disease Vector Surveillance. In Proceedings of the ISEE Conference Abstracts, Ottawa, ON, Canada,
28 August 2018.

69. Berrang-Ford, L.; Ford, J.D.; Paterson, J. Are we adapting to climate change? Glob. Environ. Chang. 2011, 21,
25–33. [CrossRef]

70. Piesman, J.; Beard, C.B. Direct from CDC environmental health service branch: Prevention of Tick-Borne
Diseases. J. Environ. Health 2012, 74, 30–35. [PubMed]

71. Ferguson, C.J. An effect size primer: A guide for clinicians and researchers. Prof. Psychol. Res. Pract. 2009, 40,
532–538. [CrossRef]

72. Bakhsh, K.; Rauf, S.; Zulfiqar, F. Adaptation strategies for minimizing heat wave induced morbidity and its
determinants. Sustain. Cities Soc. 2018, 41, 95–103. [CrossRef]

http://dx.doi.org/10.1016/j.ttbdis.2013.01.001
http://www.ncbi.nlm.nih.gov/pubmed/23538110
http://dx.doi.org/10.1007/s10903-008-9187-6
http://www.ncbi.nlm.nih.gov/pubmed/18792780
http://dx.doi.org/10.1016/0003-4878(95)00100-X
http://dx.doi.org/10.1177/0149206308330556
http://dx.doi.org/10.1016/j.jenvman.2012.01.023
http://dx.doi.org/10.5840/beq201121218
http://dx.doi.org/10.1177/0739456X08321803
https://www.statmodel.com/download/EstimatorChoices.pdf
http://dx.doi.org/10.1080/10705519909540118
http://dx.doi.org/10.18637/jss.v045.i03
https://www.r-project.org/
http://dx.doi.org/10.1016/j.gloenvcha.2010.09.012
http://www.ncbi.nlm.nih.gov/pubmed/22708205
http://dx.doi.org/10.1037/a0015808
http://dx.doi.org/10.1016/j.scs.2018.05.021


Int. J. Environ. Res. Public Health 2019, 16, 1547 20 of 20

73. Bichard, E.; Kazmierczak, A. Are homeowners willing to adapt to and mitigate the effects of climate change?
Clim. Chang. 2012, 112, 633–654. [CrossRef]

74. Liu, T.; Xu, Y.J.; Zhang, Y.H.; Yan, Q.H.; Song, X.L.; Xie, H.Y.; Luo, Y.; Rutherford, S.; Chu, C.; Lin, H.L.; et al.
Associations between risk perception, spontaneous adaptation behavior to heat waves and heatstroke in
Guangdong province, China. BMC Public Health 2013, 13, 913. [CrossRef] [PubMed]

75. Huq, S.; Reid, H.; Konate, M.; Rahman, A.; Sokona, Y.; Crick, F. Mainstreaming adaptation to climate change
in Least Developed Countries (LDCs): Climate Policy: Vol 4, No 1. Clim. Policy 2004, 4, 25–43. [CrossRef]

76. Smit, B.; Wandel, J. Adaptation, adaptive capacity and vulnerability. Glob. Environ. Chang. 2006, 16, 282–292.
[CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s10584-011-0257-8
http://dx.doi.org/10.1186/1471-2458-13-913
http://www.ncbi.nlm.nih.gov/pubmed/24088302
http://dx.doi.org/10.3763/cpol.2004.0404
http://dx.doi.org/10.1016/j.gloenvcha.2006.03.008
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Preventive Interventions for Lyme Disease (PILD) 
	Theoretical Models Explaining the Implementation of PILD 
	TPB Constructs 
	Background Factors: Perceived Severity and Vulnerability 
	The Present Study 

	Materials and Methods 
	Participants 
	Questionnaire 
	Proximal Determinants of Intention and Implementation of PILD 
	Background Factors 
	Dependent Variables 
	Creation of the PILD Index 

	Statistical Analysis 
	Determinants of Municipal Authorities’ Implementation of PILD 


	Results 
	Descriptive Statistics 
	Test of the TPB Model with HBM Constructs without Moderating Effect 
	Test of the TPB Model with HBM Constructs with Moderating Effect 

	Discussion 
	Implementation of Preventive Interventions for Lyme Disease by Municipal Authorities 
	Factors Leading Some Municipalities to Be Active in Lyme Disease Prevention 

	Conclusions 
	References

