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Abstract
Background Cases of reported tick-borne diseases in humans have increased over the past decades. Strategies 
informing the public about ticks, their associated diseases, and preventive measures are often highlighted as 
important in limiting pathogen transfer and disease. However, knowledge about the motivation for people to apply 
preventative measures is sparse.

Methods The aim was to examine if Protection Motivation Theory, a model of disease prevention and health 
promotion, can predict the use of protective measures against ticks. Ordinal logistic regression and Chi-square tests 
were used on data from a cross-sectional survey with respondents from Denmark, Norway, and Sweden (n = 2658). 
We examined the effect of (1) the perceived seriousness of tick bites, Lyme borreliosis (LB), and tick-borne encephalitis 
(TBE), and (2) the perceived probability of getting a tick bite, Lyme borreliosis, and tick-borne encephalitis on 
protection against ticks. Finally, we examined if there was an association between the use of a protective measure and 
the perceived efficacy of that measure.

Results The perceived seriousness of a tick bite and LB significantly predict who is more likely to apply protective 
measures for all three countries combined. The perceived seriousness of TBE did not significantly predict the level of 
adoption of protective measures applied by respondents. The perceived likelihood of getting a tick bite within the 
next 12 months and the perceived likelihood of getting LB if bitten by a tick significantly predicted the application 
of protective measures. However, the increases in the likelihood of protection were very small. The application of a 
certain type of protection was always correlated with the perceived efficacy of the same protective measure.

Conclusion Some variables of PMT may be used to predict the level of adoption of protection applied against ticks 
and tick-borne diseases. We found that the perceived seriousness of a tick bite and LB significantly predict the level 
of adoption protection. The perceived likelihood of getting a tick bite or LB also significantly predicted the level of 
adoption of protection, although the change was very small. The results regarding TBE were less clear. Lastly, there 
was an association between applying a protective measure and the perceived efficacy of the same measure.
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Background
Vector-borne diseases are caused by pathogenic micro-
organisms transmitted by a vector such as arthropods 
and account for more than 17% of all infectious diseases 
worldwide [1]. Ticks are important vectors of pathogen 
transmission in Europe and the U.S [2], [3]. Examples of 
human tick-borne diseases (TBDs) are the bacterial dis-
ease Lyme borreliosis (LB), and the viral disease Tick-
borne encephalitis (TBE).

An unweighted mean incidence rate for LB in Western 
Europe based on reported incidences in the literature has 
been estimated to be 56.3 per 100,000 persons equating 
to approximately 232,125 cases per year [4]. In the U.S., 
estimations based on insurance claims suggest an inci-
dence rate of 49–88 per 100,000 [5] or an annual num-
ber of 476,000 Americans being diagnosed and treated 
for LB [5]. These numbers indicate a potentially large 
burden on the health care system and stress the potential 
risk of contracting LB or other TBDs in areas with ticks 
in Europe and the U.S. Misdiagnosis of Lyme neurobor-
reliosis (LNB) in primary care [6], treatment delay [7] and 
the possible negative outcome of treatment delay [8], [9] 
have been reported. A cost of 5500€ including health care 
costs and social benefit costs per LNB patient has been 
estimated in Sweden [10].

The risk of contracting a TBD may be minimized by 
several human actions [11], and the prevention of tick 
bites and minimization of feeding time of the tick is cru-
cial in limiting pathogen transfer [12], [13]. Several pro-
tective measures, such as tucking trousers into socks, 
using tick repellents, and checking the body for ticks, are 
often recommended to protect oneself against ticks and 
TBDs, although the evidence of actual effectiveness of 
these measures is difficult to assess [14].

Several studies have examined the knowledge of ticks, 
TBDs, and protective measures applied against ticks by 
people in several countries, all pointing to the conclusion 
that knowledge about ticks, TBDs, and protective mea-
sures is low and level of adoption of protection could be 
improved [15–19]. All these studies emphasize the need 
for education and awareness among the public, which is 
suggested to lead to behavioral changes favouring better 
protection against TBDs.

However, although necessary for the understand-
ing of a potential risk, education and awareness are not 
the only variables needed to enforce behavioral changes 
[20]. Another variable that has long been regarded as an 
adaptive response protecting one against danger, both 
in psychology and biology, is fear [20], [21]. Protection 
Motivation Theory (PMT), a model of disease preven-
tion and health promotion, is partly built on the concept 
of fear appeal [20], and is defined as a message based 
on persuading the receiver into a behavioral change 
based on the arousal of fear [22]. Based on Rogers’ later 

revisions [23], PMT has been extended and there are 
additions to the focus of fear appeal, and PMT has also 
been used to evaluate persuasive communications and to 
predict health behaviour [24]. However, the data set used 
in this article is coherent with the original model.

The variables of the original PMT are magnitude of 
noxiousness, probability of occurrence, and efficacy of 
a recommended response [20]. Thus, in health deci-
sion making, the motivation for a possibly inconvenient, 
behavioral change is dependent on the perceived level of 
noxiousness, the perceived likelihood of a noxious event 
occurring, and a trust that a recommended response (e.g. 
protection against ticks) will actually be beneficial [25]. 
If this is not achieved, no protection will be encouraged 
and hence, no change in behavior will occur [20].

Indications of PMT being applicable to different fields, 
including areas beyond health-related issues, have been 
reported [26]. PMT has also been applied to predict pro-
tective behaviour regarding several vector-borne diseases 
among respondents in Africa, Asia, and the U.S [27–29]. 
A meta-analysis including 65 studies [30] and a quanti-
tative review [31] on PMT suggest that components of 
the model may be relevant in individual and community 
health-related interventions.

Previous studies from Scandinavian countries on pro-
tection against TBDs have mostly focused on the knowl-
edge and risk perception of ticks and their associated 
diseases, as well as how well people protect themselves 
separately [15], [32]. What is important in public health 
strategies against ticks, however, is an understanding of 
what factors motivate people to adopt protective behav-
ior against ticks. Studies from the U.S., U.K., and Sweden 
have found an association between perceived severity of 
LB, perceived likelihood of contracting a TBD, and tick 
bites and performing a tick check [33–35].

Since PMT can be used as a model to predict health 
behavior [36], the aim of this study was to examine if 
variables of the original PMT from 1975 can predict who 
protects themselves against tick bites. The variables con-
sidered were the perceived seriousness and likelihood 
of a tick bite, LB, and TBE in Denmark, Norway, and 
Sweden. Further, we examined if there is an association 
between a protective measure reported to be used by a 
respondent and the perceived efficacy of the same pro-
tective measure.

We hypothesized that a higher perceived seriousness 
and likelihood of a tick bite, LB, or TBE to occur will lead 
to an increase in level of adoption of protection. Further, 
we hypothesized that the use of a protective measure is 
associated with perceived efficacy of the same measure.

Since personal protective behavior is often highlighted 
as a crucial strategy in reducing the TBD incidence rate, 
[1], [33], [37–39], determining which factors predict how 
well and often a person protects themself is relevant in 
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the development of optimal prevention strategies of LB, 
TBE, and other TBDs.

Methods
Survey and study design
A cross-sectional survey was developed and conducted in 
2016 in Denmark, Norway, and Sweden as part of a joint 
Scandinavian research project (ScandTick Innovation). 
Thorough descriptions of the study design, study sample, 
the survey, data collection, and rate of participation have 
been provided previously [15], [32], [40]. Although some 
of the questions have been examined and reported pre-
viously, they have been analyzed in a different context 
and the analyses in this study are new. The same data was 
used but new analyses were run in order to examine the 
application of PMT. In this study, we aim at testing PMT 
to examine if the theory can be applied to tick protection 
behavior and hence gain a better understanding of pos-
sible variables that may affect protection motivation. To 
our knowledge, this was not examined in the previous 
publications.

We examine the effect of one or multiple independent 
variables on the dependent variable “protection” which is 
a three-point ordinal scale that measures levels of adop-
tion of protection based on six types of protective mea-
sures (Table 1).

The three levels of adoption of protection are: rarely/
never use any, often/always use 1–2, and often/always 
use 3 or more, as previously defined [15]. We focus on a 
subset of questions from the survey, that we defined as 
matches to the variables of PMT. That is (1) questions 
regarding protection which corresponds to the behav-
ioral response we seek to examine, i.e. the dependent 
variable “protection” (q20 ) and the perceived efficacy 
of a protective response (q22); and (2) the independent 
variables “perceived seriousness a tick bite”, “LB”, or 
“TBE” (q23A-C) which corresponds to the magnitude of 
noxiousness of an event; and (3) the perceived probabil-
ity of getting a tick bite (q24), getting LB if bitten (q25), 
and getting TBE if bitten (q26) which corresponds to the 
probability of a noxious event occurring. Questions ana-
lysed in this study can be found in Appendix 1 in supple-
mentary information.

The variables of perceived seriousness, i.e., “Per-
ceived seriousness of a tick bite” (n = 2658), “Perceived 

seriousness of LB” (n = 2562), and “Perceived seriousness 
of TBE” (n = 1850) were assessed by a question where 
the respondent had answered on a 0–10 scale how seri-
ous they believed it was to get a tick bite. ‘Don’t know’ 
was also an option but was excluded from analyses 
since we were examining the effect of different percep-
tions on applying a protective measure. ‘Don’t know’ 
was answered by 1.4% for tick bite, 1.3% for LB, and 3% 
for TBE. The variables were binned during analysis to a 
three-point scale with 0–3 = not serious, 4–6 = serious, 
and 7–10 = very serious due to some values having too 
few responses. Perceived probability of getting a tick bite 
(n = 2650), LB (n = 2519), or TBE (n = 1815) was reported 
on a scale from 0 to 100 with 0 being “I’m absolutely cer-
tain I will not get bitten” and 100 being “I’m absolutely 
certain I will get bitten”.

Additional confounding variables included in the anal-
yses were gender (nfemale = 1403, nmale = 1255, people 
responding ‘other’ or ‘I choose not to respond’ (n = 10) 
were excluded from the analyses) and country (Denmark 
(n = 781), Norway (n = 786), and Sweden (n = 1091). Previ-
ous analyses of age groups have shown statistically signif-
icant differences between some age groups in “likelihood 
of contracting LB and TBE” and“perceived seriousness of 
tick bite, LB, and TBE” and protection [15], [32]. The use 
of different age groups in these articles indicates that how 
the age group is defined may impact the results. We per-
formed a cumulative odds orginal logistic regression with 
age group (18–29, 30–44, 45–59, 60+) [32] as an inde-
pendent variable and level of adoption of protective mea-
sures as the dependent variable (p = .326) and the variable 
was not included in further analyses.

Statistics
Cumulative odds ordinal logistic regression with propor-
tional odds was used to evaluate if the independent vari-
ables (perceived seriousness of a tick bite / LB / TBE and 
perceived likelihood of getting a tick bite / LB / TBE) as 
well as the interactions of these with gender and coun-
try have a statistically significant effect on the dependent 
variable ‘protection’. Chi-square tests of independence 
were performed to assess the association between the 
categorical variables “reported use of a protective mea-
sure” (q20) and “the believed efficacy of the same protec-
tive measure” (q22) for all three countries combined and 
separately. The correlation between the categorical vari-
ables were checked using Cramer’s V for the countries 
combined. The statistical analyses were performed using 
IBM SPSS statistics version 27 and GraphPad Prism 9. A 
p-value < 0.05 was considered statistically significant.

Table 1 Types of protective measures examined
Protective measures examined
1. Wearing clothes that cover legs and arms

2. Using mosquito and tick repellents

3. Tucking trousers in to socks

4. Avoiding walking in tall grass and near bushes

5. Checking body and clothes while visiting areas with ticks

6. Checking body and clothes after visiting areas with ticks



Page 4 of 11Hansen et al. BMC Public Health         (2023) 23:1214 

Results
The effect of perceived seriousness of a tick bite and LB on 
the use of protective measures
The perceived seriousness of a tick bite (Wald2(2, 
n = 2658) = 64.109, p = < 0.001) and LB (Wald2(2, 
n = 2562) = 23.486, p = < 0.001) significantly predicted the 
level of adoption of protection.

Respondents who answered that tick bites and LB are 
not serious are less likely to protect themselves compared 
to those who think they are very serious. Women were 

more likely than men to use protective measures regard-
less of how serious they thought tick bites or LB were. 
People from Denmark and Norway were less likely to 
protect themselves compared to people from Sweden, 
regardless of how serious they thought the diseases were 
(Fig. 1; Tables 2 and 3).

Fig. 1 The odds ratios of the effect of perceived seriousness of a tick bite, LB, or TBE on the level of adoption of protection applied by respondents. The 
effect of the interaction of country and perceived seriousness and interaction of gender and perceived seriousness on level of adoption of protection are 
included. P-values < 0.05 are considered significant and are highlighted in bold. The reference variable is always the last, e.g., ‘Women vs Men’ ‘Very serious’: 
The odds of women protecting themselves ‘often/always’ are 1.785 times that of men, when both perceive TBE to be ´Very serious’.
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The effect of perceived seriousness of TBE on the use of 
protective measures
The perceived seriousness of TBE alone did not sig-
nificantly predict level of adoption of protection, 
Wald2(2) = 3.429, p = .180.

Respondents from Denmark who believe TBE is very 
serious are less likely to protect themselves compared 
to people from Sweden with similar perceived serious-
ness. Similarly, people from Norway who think TBE is 
not serious are less likely to protect themselves compared 
to people from Sweden who also think it’s not serious. 
When it comes to gender, the only significant difference 
was when both men and women thought TBE was very 
serious, where women were more likely to protect them-
selves compared to men (Fig. 1).

The effect of perceived likelihood of getting a tick bite 
within the next 12 months on the use of protective 
measures
A one-unit increase in perceived likelihood of getting a 
tick bite within the next 12 months (expressed in per-
centage) was associated with an increase in the odds of 
using more protective measures, with an odds ratio of 
1.009 (95% CI 1.006–1.013).

Danes and Norwegians are less likely to protect them-
selves more for every one-unit increase in the perceived 
risk of getting a tick bite compared to Swedes (Fig. 2).

Women are more likely to protect themselves than men 
when the perceived risk of getting a tick bite within the 
next 12 month increases with an odds ratio of 1.011 (95% 
CI 1.008–1.015, p < .001) for every one unit increase.

The effect of perceived likelihood of getting LB if bitten by 
a tick on the use of protective measures
A one-unit increase in likelihood of getting LB if bitten 
by a tick was associated with an increase in the odds of 
applying more protective measures, with an odds ratio of 
1.016 (95% CI 1.009–1.022) Wald2(1) = 21.961, p < .001.

Danes and Norwegians are less likely to protect them-
selves when the perceived likelihood of getting LB if bit-
ten by a tick increases by one unit compared to Swedes.

Danes are slightly less likely to protect themselves com-
pared to Norwegians when the perceived likelihood of 
getting LB if bitten by a tick increases by one unit.

Women are 1.2% more likely to protect themselves 
more than men when the perceived likelihood of getting 
LB if bitten by a tick increases by one unit (Fig. 2).

The effect of perceived likelihood of getting TBE if bitten 
by a tick on the use of protective measures
A one-unit increase in ‘perceived likelihood of TBE if bit-
ten by a tick’ alone was not associated with an increase in 
the odds of applying more protective measures, with an 
odds ratio of 0.995 (95% CI 0.985–1.006).

Danes and Norwegians are less likely to protect them-
selves more when the perceived likelihood of getting 
TBE if bitten by a tick increases by one unit compared to 
Swedes, while Danes and Norwegians are equally likely. 
(Fig. 2).

Women are 1.4% more likely to protect themselves 
than men when the perceived likelihood of getting TBE if 
bitten by a tick increases by one unit (Fig. 2).

Association between use of protective measures and 
perceived efficacy of the same type of protective measure
Denmark, Norway, and Sweden combined
There was a significant association between the catego-
ries “Never, rarely, often, and always” in response to each 
protective measure and “No protection, weak protec-
tion, fairly strong protection, and very strong protection” 
regarding the same protective measure (Fig. 3; Table 4).

When the countries were examined separately, all vari-
ables were significantly associated (Table 4).

Discussion
We examined if PMT is applicable in predicting adop-
tion of protective behavior against ticks in three Scandi-
navian countries. The independent variables ‘perceived 

Table 2 The effect of perceived seriousness of a tick bite on 
applying protective measures against ticks
Country Perceived 

seriousness 
of tick bite

Wald2(df) Odds Ratio (95% CI) P 
value

Denmark Not serious 20.653(1) 0.435 (0.304-0.623) < 0.001

Denmark Serious 58.218(1) 0.313 (0.232-0.422) < 0.001

Denmark Very serious 21.848(1) 0.511 (0.386-0.677) < 0.001

Norway Not serious 11.216(1) 0.575 (0.416-0.795) 0.001

Norway Serious 30.653(1) 0.407 (0.296-0.560) < 0.001

Norway Very serious 20.956(1) 0.520 (0.393-0.688) < 0.001
*Sweden is the reference country

Table 3 The effect of perceived seriousness of LB on applying 
protective measures against ticks
Country Perceived 

seriousness 
of LB

Wald2(df) Odds Ratio (95% 
CI)

P 
value

Denmark Not 
serious

9.247(1) 0.179 (0.059-0.542) 0.002

Denmark Serious 8.595(1) 0.502 (0.316-0.796) 0.003

Denmark Very 
serious

77.813(1) 0.399 (0.325-0.490) < 0.001

Norway Not 
serious

15.972(1) 0.166 (0.069-0.400) < 0.001

Norway Serious 2.757(1) 0.679 (0.430-1.072) 0.097

Norway Very 
serious

59.492(1) 0.442 (0.359-0.544) < 0.001

*Sweden is the reference country



Page 6 of 11Hansen et al. BMC Public Health         (2023) 23:1214 

seriousness of a tick bite or LB’ significantly predicted 
who was more likely to apply protective measures except 
when LB was considered ‘not serious’ versus ‘serious’ 
for all three countries combined. Hence, a person who 
believes a tick bite is ‘serious’ or ‘very serious’ is more 
likely to apply more protective measures than a person 
who believes a tick bite is ‘not serious’. The perceived seri-
ousness of TBE did not significantly predict level of adop-
tion of protective measures applied by respondents.

Motivation to protect one-self is dependent on several 
variables [20]. Here we observe a difference between a 
well-known (LB) and less well-known (TBE) disease, as 
overall, more respondents had heard of LB than of TBE 

[32]. In Denmark, Norway, and Sweden, TBE virus is 
limited to certain endemic areas [41–44], whereas Bor-
relia burgdorferi s.l. is more widespread [45] which could 
explain why, even though TBE may be perceived as being 
serious, it will not lead to adoption of protection since 
only a small part of the respondents may be visiting areas 
that are TBEV risk areas.

Respondents from Denmark and Norway tended to 
protect themselves less than respondents from Sweden, 
although the perceived seriousness of a tick bite and LB 
was similar. The effect of perceived seriousness of TBE 
and country on applying protective measures was less 
clear.

Fig. 2 The odds ratios of the effect of perceived likelihood of getting a tick bite within the next 12 months, getting LB if bitten by a tick, or getting TBE if 
bitten by a tick on the level of adoption of protection applied by respondents. P-values < 0.05 are considered significant and are highlighted in bold. The 
reference variable is always the last, e.g., if: ‘Women vs Men’: The odds of women protecting themselves ‘often/always with more than three types’ are 1.014 
times that of men, when perceived likelihood of TBE is equal.
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Women were always more likely than men to wear 
more protective measures independent of the level of 
perceived seriousness of a tick bite and LB. However, 
women were only likely to apply more protective mea-
sures than men, when both perceived TBE as ‘very 
serious’. When the perceived likelihood was the same, 
females were still more likely to apply protective mea-
sures. This corresponds well with what is known about 
gender and risk perception; women are generally more 
concerned about hazards than men [46]. Furthermore, 
females are more easily disgusted by ectoparasites [47] 

and pathogens [48]  resulting in avoidance of the object 
causing the disgust [49].

The variables ‘perceived likelihood of a tick bite within 
the next 12 months’ and ‘perceived likelihood of getting 
LB if bitten by a tick’ on a scale from 0% likelihood to 
100% likelihood had a significant effect on applying pro-
tective measures. However, the increase in likelihood of 
protection was very small; for every one unit increase in 
the perceived likelihood, the probability of using more 
protection was 0.9% for a tick bite and 1.6% for LB. Nev-
ertheless, it shows a tendency of an increased level of 
adoption of protective measures based on the perception 

Fig. 3 Percentage distribution of the perceived efficacy (no protection, weak protection, fairly strong protection, or strong protection) of six types of 
protective measures (a-f ) and how often a respondent applies that same protection when in areas with ticks (never, rarely, often, or always. The values are 
from respondents from Denmark, Norway, and Sweden combined.
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of probability of an event occurring. Whether or not 
this variable is generally a good predictor of protection 
is unclear [27], [31], [50], but based on this study it indi-
cates that informing the public of risk areas and likeli-
hood of getting bitten could potentially lead to a higher 
level of adoption of protective measures.

Overall, respondents from Denmark and Norway were 
less likely to apply protective measures than respondents 
from Sweden regarding all perceived likelihoods. This 
effect may be explained by different information cam-
paigns regarding ticks or visiting nature, but this was not 
examined.

However, we will recommend for future research to 
look into this. An everyday perspective of protection 
and behaviour might give new answers, as there might 
be differences in the way people venture into nature. As 
an example, some areas may be used for different leisure 
activities in the summer. Naturally wearing long trou-
sers in one setting and wearing open sandals in another 
setting might be area specific and based on fluctuations 
during the calendar year. Future research could include 
qualitative methods such as observation and interviews 
to uncover the specific practises in order to give recom-
mendations for health promotion and disease prevention.

Finally, we found correlations between how often a 
respondent is using a protective measure and the per-
ceived efficacy of the same protective measure. For exam-
ple, a person who believes mosquito repellents do not 
offer any protection is less likely to use mosquito repel-
lents. Perceived efficacy seems to be a good predictor of 
protection motivation [19], [28], [51].

Our study shows that the first variable of PMT, here ‘the 
perceived seriousness of a tick bite’ and to some extent 
LB, significantly predicts the level of adoption of protec-
tive measures applied. The perceived seriousness of TBE, 
however, did not predict level of adoption of protective 
measures applied. Although respondents generally have 
a higher perceived seriousness of TBE than a tick bite 

and LB [32] the results could be explained by a greater 
variation in knowledge about TBE because of the patchy 
distribution of the virus causing the disease. Due to the 
patchy distribution of TBE-virus (TBEV) in Denmark, 
Norway, and Sweden, vaccination against TBE is not part 
of national vaccination programmes in any of the coun-
tries. Instead, all three countries recommend the vaccina-
tion for people living or working in endemic areas who 
are at risk of getting tick bites [52–54]. TBEV is much 
more prevalent in Sweden and Swedish respondents have 
a better knowledge of TBE compared to respondents in 
Denmark and Norway [32]. To fully perceive and under-
stand a threat and react on that threat, knowledge and the 
belief in a benefit from a certain behavior are important 
[20], yet assessing risk is still difficult [55], and possibly 
this could explain the results in this study. Another expla-
nation could be vaccinations being available against TBE. 
If people have a vaccination, even though they perceive 
TBE as being serious, they may be less likely to apply 
other protective measures. However, although there are 
no vaccine registers available for Norway and Sweden, it 
can be suspected that Sweden has a higher proportion of 
citizens vaccinated against TBE based on the higher bur-
den there [54] compared to Denmark [52] and Norway 
[53] which has also recently been shown by self-reporting 
[56]. It is therefore not supported in this case, that vacci-
nation should lead to a decrease in likelihood of applying 
other protective measures.

In a revised PMT, self-efficacy is a fourth component 
that has a positive effect on the adoption of a protective 
behavior [23]. Unfortunately, this survey did not include 
a question of self-efficacy of protective measures against 
LB and TBE and for simplicity the analyses were based on 
the components of fear appeal in the original protection 
motivation theory from 1975 [20].

Although this study does not cover self-efficacy, we 
did examine perceived efficacy of six different protective 
measures and found a correlation between this and how 

Table 4 Chi-square tests examining the association between applying a protective measure and perceived efficacy of the same 
measure and the strength of the association (Cramer’s v)

Denmark (DK) Norway (NO) Sweden (SE) DK, NO, and 
SE combined

P value Cra-
mer’s 
v

P value Cra-
mer’s 
v

P value Cra-
mer’s 
v

P value Cra-
mer’s 
v

Wearing clothes that cover legs and arms < 0.001 0.157 < 0.001 0.130 < 0.001 0.144 < 0.001 0.137

Use mosquito repellents < 0.001* 0.130 < 0.001 0.197 < 0.001 0.182 < 0.001 0.170

Tuck trousers in to socks < 0.001 0.134 < 0.001 0.130 < 0.001 0.132 < 0.001 0.123

Avoid tall grass and walking near bushes < 0.001 0.179 < 0.001 0.174 < 0.001 0.157 < 0.001 0.162

Check body and clothes while visiting areas with ticks < 0.001 0.177 < 0.001 0.177 < 0.001 0.194 < 0.001 0.179

Check body and clothes after visiting areas with ticks < 0.001 0.190 < 0.001 0.213 < 0.001 0.160 < 0.001 0.176
*25% expected counts less than 5

Notes: Perceived efficacy (no protection, weak protection, fairly strong protection, or strong protection) and how often a respondent apply that same protection 
when in areas with ticks (never, rarely, often, or always)
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often a respondent applies the same protective measure. 
This is in line with another study that found that per-
ceived efficacy is a reliable predictor of preventive mea-
sures against ticks [57]. As not all tick-borne pathogens 
are transmitted equally fast from the tick [58], [59] and 
some are treatable whereas others are not, the different 
protective measures offer different levels of protection 
depending on the pathogen. For example, the risk of con-
tracting LB can be effectively minimized by preventing 
or shortening tick bites [60]. However, for TBE which 
is transmitted immediately after the tick bites [59], it is 
especially clear, why preventing tick bites is important 
although vaccinations against the virus exist. Knowledge 
of the existence of this vaccine is different in Denmark, 
Norway, and Sweden. Fewer than 20% of the respondents 
from Denmark and Norway knew about the TBE vaccine 
whereas more than 70% of respondents from Sweden 
knew about it [32].

As proposed earlier, encouraging the public to take 
precaution regarding ticks without causing fear that may 
limit outdoor activities is a challenging task for health 
authorities [32]. However, results from the present study 
suggest that a certain level of perceived seriousness and 
likelihood is required for the motivation of applying 
protective measures against ticks. Norman et al., 2005 
describe how PMT originated in research of the “persua-
sive impact of fear appeals”. This corresponds well with 
the original PMT as “the intent to adopt the communica-
tors recommendation is mediated by the amount of pro-
tection motivation aroused” [20] which is also in line with 
other studies [61]. Nevertheless, it is important to distin-
guish between an irrational fear leading to some people 
potentially avoiding nature, and a rational fear, or rather, 
rational cautiousness, still allowing recreational activities 
in tick areas but while being motivated to protect one-
self [62]. An important task in health promotion strate-
gies regarding ticks is therefore to emphasize the actual 
efficacy of protective measures and benefit of applying 
different types of protections as well as the actual risk of 
TBDs [62].

Further, as the cognitive recognition of a fear appeal 
is dependent on the understanding of a possible fearful 
event [20] one cannot exclude the importance of educa-
tion and awareness as emphasized earlier.

A limitation to this study is that respondents answering 
the survey may have more interest in ticks compared to 
people who chose not to answer, the use of words subject 
to personal interpretation such as often and rarely, and 
the difficulty of assessing a perceived risk or likelihood of 
something occurring. Further, determining which inde-
pendent variables are effective in predicting the depen-
dent variable protection is more complex than the few 
variables examined in this study. The variables ‘perceived 
seriousness’ and ‘perceived likelihood’ are affected by 

many other confounding variables such as experience, 
source of information about ticks and TBDs, occupation, 
personality, and trust [22], [36], [46]. As well, the survey 
was lacking questions regarding self-efficacy and the pro-
tective measures section was lacking an anti-TBE vacci-
nation option.

Often when people do things with a known high risk 
of having a negative effect on health (e.g. smoking, over-
eating) they are often pleasurable [25]; this, however, is 
not the case in protecting oneself against ticks. But look-
ing silly, forgetfulness, indifference, inconvenience com-
pared to the risk are possible reasons why people don’t 
apply protective measures. Examining these variables 
could lead to a better understanding of people’s behav-
ior regarding protection against ticks. Future surveys 
examining public knowledge and protective behavior 
regarding ticks should include self-efficacy. This may be a 
variable that better predicts protection against ticks [23] 
as it has been found to be the case in other studies and a 
change in peoples’ perceptions of self-efficacy may be an 
important part of health promotion strategies [36].???????

Conclusions
Our results indicate that variables of Protection Moti-
vation Theory may be useful in predicting the level of 
adoption of protection applied against ticks in Denmark, 
Norway, and Sweden and possibly other countries where 
tick-borne diseases are of concern.

Further, our results confirm that women are more likely 
to be protecting themselves than men, even when the 
perceived level of seriousness and likelihood of a tick bite 
and LB are the same in the two groups. Perceived seri-
ousness and likelihood of TBE were not good predictors. 
This could be caused by TBE being rarer in occurrence 
and people having poor knowledge about the disease. 
People from Sweden were more likely to protect them-
selves than people from Denmark and Norway when TBE 
was considered very serious and when considering the 
perceived likelihood of getting TBE if bitten by a tick.

Being able to clearly communicate the seriousness of 
tick and TBDs, likelihood of a TBD, combined with the 
efficacy of protective measures to the public, is important 
in tick prevention strategies.
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