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A B S T R A C T   

Introduction: Literacy about zoonoses can contribute people adapt their behaviour to minimize zoonotic risks. In 
this study, associations between sociodemographic factors and zoonotic risk-averse attitudes were explored. 
Objective: To determine factors significantly associated with literacy about zoonoses across sociodemographic 
groups to inform targeted interventions aiming at improving awareness and zoonotic risk-avoidance behaviours. 
Method: Data was collected in 2022 using an online survey of a nationally representative sample of residents in 
the Netherlands. A multivariable logistic regression analysis, accounting for multiple hypothesis testing, was 
applied to assess whether there were significant associations between socio-demographic factors and attitudes 
towards zoonosis prevention. 
Results: A total of 2039 respondents completed the survey. People who were female, older, highly educated and 
those who searched for information about zoonoses, were relatively more likely to report behaviours favourable 
to the prevention of zoonoses. However, people with limited language and computer skills and immunocom-
promised people were significantly more likely to report risky behaviours. There were no significant associations 
found for pregnant women, dog and cat owners, those with an intermediate level of education and those who do 
have contact with farm animals. 
Conclusion: Certain sociodemographic groups display significantly riskier attitudes towards zoonoses. These 
groups provide targets where to improve literacy about zoonoses. This also implies that there is room for 
improvement in literacy about zoonoses, particularly among immunocompromised people and people with 
limited language and limited computer skills.   

1. Introduction 

Zoonoses are infectious diseases caused by pathogens that can be 
transmitted between animals and humans. They represent a major threat 
to public health, as an estimated 61% of all known infectious diseases 
originated from animals, including livestock, pets and wildlife [1,2]. 
Transmission of zoonoses can occur via direct contact with animals 
through biting, licking, scratching, and sneezing, as well as contact with 
animal excreta, secreta and other body fluids, or indirect contact with 
contaminated bedding, food, water, or via arthropod vectors [3,4]. 

Besides the exposure and severity, people’s health literacy also af-
fects the risk of infection [5–7]. Health literacy entails people’s knowl-
edge, motivation and competencies to access, understand, appraise, and 

apply health information to make judgments and decisions in everyday 
life concerning healthcare, disease prevention and health promotion to 
maintain or improve quality of life [8]. In 2021, Bekedam et al. intro-
duced the concept of literacy about zoonoses or ‘zoonotic literacy’ (by 
analogy with health literacy), which emphasises the need to enhance 
knowledge and awareness about zoonotic diseases so that people can 
adapt their behaviour to avoid risks [5]. 

Hygiene measures, such as hand washing and forbidding pets to sleep 
in bed are considered important behaviours to minimize zoonotic 
infection risks [9–12]. However, non-compliance with these measures is 
relatively common. In the Netherlands, 18–30% of dogs and cats sleep 
with their owner in bed [12], and studies from other countries present 
similar percentages [4,13]. Research among pet owners in Australia 

* Corresponding author at: Antonie van Leeuwenhoeklaan 9, 3721 MA Bilthoven, The Netherlands. 
E-mail address: joke.van.der.giessen@rivm.nl (J. van der Giessen).  

Contents lists available at ScienceDirect 

One Health 

journal homepage: www.elsevier.com/locate/onehlt 

https://doi.org/10.1016/j.onehlt.2024.100721 
Received 13 December 2023; Accepted 2 April 2024   

mailto:joke.van.der.giessen@rivm.nl
www.sciencedirect.com/science/journal/23527714
https://www.elsevier.com/locate/onehlt
https://doi.org/10.1016/j.onehlt.2024.100721
https://doi.org/10.1016/j.onehlt.2024.100721
https://doi.org/10.1016/j.onehlt.2024.100721
http://creativecommons.org/licenses/by-nc-nd/4.0/


One Health 18 (2024) 100721

2

showed that about 63% of households took action to prevent acquiring 
an infection from their pets [10]. However, about 10% of pet owners in 
Australia who were bitten or scratched by their pets did not wash their 
hands or take other actions to prevent infections [10]. 

Studies reported in Canada show that knowledge about zoonoses 
among pet owners and non-pet owners is almost equal [9]. The re-
spondents had a good awareness of severe zoonotic diseases, such as 
rabies, which are not common in the country, but they had poor 
knowledge of more common zoonoses [9]. This indicates the need to 
improve awareness about more common zoonoses, such as cryptospo-
ridiosis, dermatophytosis, salmonellosis, psittacosis, toxocariasis, and 
toxoplasmosis, among others [12,14]. 

In the current study, we investigated factors, associated with literacy 
about zoonoses among residents in the Netherlands, namely age, gender, 
general health status, educational attainment, computer and language 
skills and amount of contact with companion, farm and wild animals and 
factors related with different transmission routes, such as direct contact 
with pet and farm animals, indirect transmission via the environment 
from ticks, natural water and wildlife, but excluding foodborne trans-
mission. The main aim was to provide more insights into factors asso-
ciated with literacy about zoonoses across sociodemographic groups. 
With this information, we will get evidence-based information to 
improve potential targeted interventions related to awareness and 
zoonotic risk avoidance behaviours. 

2. Method 

2.1. Population based survey and data collection 

The data used in this study were collected from a representative 
sample of the Dutch general population through a survey conducted by 
the company MarketResponse under the commission of the Dutch Na-
tional Institute for Public Health and the Environment (RIVM). The 
purpose of this survey was to determine what respondents know about 
zoonotic transmission and their attitudes regarding the prevention of 
zoonotic infections. An expert elicitation workshop was held at the 
RIVM to formulate the survey questions provided by MarketResponse. 
This latter edited the questions to remove ambiguities and ensure a B1 
language level according to the Common European Framework of 
Reference (CEFR) [15]. The resulting draft questionnaire was reviewed 
by RIVM experts, with a total of two rounds of feedback. The survey was 
released with a ‘soft launch’: once the questionnaire was completed by 
30 to 50 respondents, a quality check was conducted. At the end of the 
questionnaire, an open question was asked where respondents could 
report any unclarities, doubts, issues or suggestions regarding the 
questionnaire. Based on this feedback, it was clear that no changes were 
needed. The survey was launched on September 22nd, 2022, and closed 
on October 3rd, 2022. The questionnaire was distributed on the panel of 
a first-party data company called Dynata. After completing the survey, 
people were remunerated to increase the number of respondents. 

2.2. Survey questions 

The survey contained a total of 119 questions and sub-questions. The 
questions on attitudes to prevent zoonotic diseases were grouped into 
themes based on transmission routes. As not all questions were asked to 
all respondents, a question for each theme was used to determine 
whether the theme applied to a respondent’s specific situation. For 
example, respondents indicating to never swim in natural waters were 
not asked further questions about the risks of swimming in natural 
waters. For the current study, 13 questions were selected for analysis 
(see Appendix 1). These questions consisted of statements in which the 
respondents were asked to indicate, with a Likert scale, to what degree 
the statements applied to them. The respondents were not able to skip 
questions. 

The selection criteria for the questions were:  

1. Questions were in multiple-choice format, and answers could be 
divided into 3 categories: a) attitudes that are supposed to enhance 
the risk of zoonotic transmission; b) attitudes that are supposed to 
reduce the risk of zoonotic transmission; c) ‘I don’t know’ or ‘not 
applicable’ answers. The analysis focused on answers implying 
negative and positive effects on zoonotic infection prevention (i.e., a 
and b).  

2. Questions needed to have >20% variation in answers (i.e., at least 
20% of participants selected answers a or b), to have a contrast to 
study in the analysis.  

3. Questions should reveal attitudes towards prevention. For example, 
when asked about whether people wear clothes that completely 
cover arms and legs in nature, it is not clear whether this is done for 
aesthetic reasons or to prevent tick bites. Such a question may pro-
duce a biased overview of a person’s literacy about zoonoses and is 
therefore not included in the analysis. 

4. Questions needed to be relevant for policymakers in terms of con-
crete opportunities for prospective implementation of prevention 
strategies. 

The answers to the 13 questions represented the dependent binary 
outcome variables of the analysis. For each outcome variable, 10 factors 
were assessed: 1) gender (men, pregnant women and non-pregnant 
women); 2) age (generation Y 18–39 years, X 40–59 years or W ≥ 60 
years); 3) residence location (living in the large cities of Amsterdam, 
Rotterdam or The Hague and neighbouring municipalities, or peripheral 
residents, as people living in more rural areas might have different 
lifestyles and exposures to animals); 4) immune status (being immuno-
compromised due to illness or medication use, or not, based on re-
spondent’s self-reported information); 5) level of education (according 
to standard categorization used by Statistics Netherlands [CBS]; low 
education includes primary education and pre-vocational secondary 
education [VMBO], intermediate education includes completing pre- 
university education (VWO), senior general secondary education 
[HAVO] or secondary vocational education [MBO], high education in-
cludes higher professional education [HBO] or University education 
[WO]); 6) parenting (having children younger than 13 years, as children 
aged 13 years in the Netherlands go to secondary school where they 
usually develop a more independent lifestyle); 7) current pet ownership 
(cats or dogs, as these are the most common pets in Dutch households), 
8) contact with farm animals (more than once a year, or less frequently); 
9) having ever searched for information on zoonoses; (10) limited 
computer or language skills. Six statements were about establishing 
whether an individual was considered to have limited computer or 
language skills in this survey: 1) ‘I can quickly find my way around a 
website’; 2) ‘I arrange many personal matters online myself’; 3) ‘I can 
easily look up information online’; 4) ‘If I read a letter from my bank, I 
know exactly what to do’; 5) ‘If I want to make an appointment, I prefer 
to call’; 6) ‘If I get an email from the government, I ask for help to read 
it’. Regarding statements 1–4, the answers ‘does not apply to my situa-
tion’ or ‘does not at all apply to my situation’ were considered an in-
dicator of having low computer or language skills. Regarding statements 
5–6 the answers describing their situation ‘well’ or ‘very well’, were 
considered as an indication of impaired computer or language skills. 
Respondents were considered to have low computer and language skills 
when at least three out of six answers indicated impaired computer or 
language skills. 

2.3. Data analysis 

A multivariable logistic regression analysis was applied to assess 
whether there were significant associations between the factors and the 
attitudes towards the prevention of zoonoses. A stepwise backward 
elimination procedure was used to retain in the model only those vari-
ables with p < 0.05, which was the level of statistical significance used in 
this study. Collinearity between independent variables was examined by 
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looking at the correlation matrix and variance inflation factor (VIF); no 
signs of collinearity were detected. Age, gender, educational level and 
residence were considered a priori confounders and were always 
included in the models. Interactions were not investigated. Associations 
were expressed as Beta coefficients (β) and 95% Confidence Intervals 
(CI). To compensate for multiple hypothesis testing, Bonferroni correc-
tion of p-values was applied. All final regression models showed an 
overall statistical significance (likelihood ratio χ2 test, p < 0.05) and 
goodness-of-fit (Hosmer-Lemeshow test, p > 0.05). The descriptive sta-
tistics and data analysis were performed with SPSS Statistics version 28 
and figures were made in R version 4.3.0. 

3. Results 

3.1. Population survey 

A total of 2039 respondents completed the survey. The average 
completion time was 16 min. There were 299 people who did not finish 
the survey. Descriptive statistics for respondents by independent socio-
demographic factors are presented in Table 1. The proportions of 
covariates are shown in Appendixes 2 and 3. 

Table 1. 

3.2. Logistic regression 

The Beta coefficients and 95% Confidence Intervals between the 
studied factors and attitudes of respondents are shown in Fig. 1 and 
Fig. 2. The results of dog and cat owners, parents of children younger 
than 13 years and those who do have contact with farm animals were not 
reported because no significant associations were found. 

Men were significantly less likely than women to report washing 
their hands after cleaning their pets’ baskets or cages (β = − 0.481), 

washing hands after petting or feeding farm animals (β = − 0.489), 
checking their bodies for ticks after going out in nature (β = − 0.297), 
monitoring tick bite spots for three months (β = − 0.530), and washing 
their hands after touching a sick or dead animal (β = − 0.464). 

Respondents aged 60 years or older were significantly more likely 
than people aged 18–39 and 40–59 years to report not eating in a barn or 
near farm animals (β = 1.498 and β = 1.083), washing hands after 
touching a sick or dead animal (β = 0.1.666 and β = 0.880), clean and 
disinfect a bite or scratch wound of an animal (β = 1.510 and β = 0.817) 
and monitor a tick bite spot for 3 months (β = 1.356 and β = 0.652). 
Furthermore, those aged 60 years or older were significantly more likely 
than those aged 18–39 years to report washing their hands after cleaning 
their pets’ baskets or cages (β = 0.727), letting their pets sleep in or on 
the bed (β = 0.613) and to be informed about rabies when travelling to 
endemic countries (β = 0.707). 

Respondents who indicated to be immunocompromised were less 
likely to abstain from eating in stalls or places with farm animals (β =
− 0.132). 

Lowly educated people were significantly less likely than highly 
educated people to wash their hands after petting or feeding farm ani-
mals (β = − 629), to examine their bodies for ticks after being exposed to 
nature (β = − 0.367) and to clean and disinfect an animal bite or scratch 
wound (β = − 0.609). 

People with low computer or language skills were significantly less 
likely to report washing their hands after cleaning their pet’s basket or 
cage (β = − 1.432), letting their pets sometimes or more often sleep in 
bed (β = − 0.936), washing hands after touching a sick or dead animal (β 
= − 1.295), being informed about rabies when travelling to endemic 
countries (β = − 0.857), cleaning an animal bite or scratch wound (β =
− 0.816) and monitor a tick bite spot for 3 months (β = − 1.029). 

Respondents who indicated that they had searched for information 
on zoonoses were significantly more likely to report that they wash their 
hands after cuddling or stroking pets (β = 0.799), wash their hands after 
being licked or if pets eat from their hands (β = 0.603), washing their 
hands after petting or feeding their farm animals (0.695), check their 
bodies for ticks after they have been in nature (β = 0.834), swim in 
outdoor water only if the water quality has been checked (β = 0.493), 
get informed about rabies when travelling to endemic countries (β =
0.522), clean and disinfect a bite or scratch wound from an animal (β =
0.453), monitor tick bite spots for 3 months (β = 0.568). 

4. Discussion 

This study provides insights into factors associated with literacy 
about zoonoses across sociodemographic groups. We found that women 
were significantly more likely to report attitudes that mitigate the risk of 
zoonotic infections, such as washing their hands. This is consistent with 
previous studies that suggest that women wash their hands more often 
than men [16]. Women were also more likely to report checking their 
bodies for ticks after outdoor activities, whereas, in previous studies on 
Lyme disease in the Netherlands, France and Canada, no difference was 
observed before between men and women in the intention to check their 
bodies [17–19]. 

It is of particular importance for immunocompromised to behave in a 
risk-averse way due to their increased risk of infection and the severity 
thereof. Yet, we found that immunocompromised people were signifi-
cantly more likely to report eating or drinking in the barn or near farm 
animals. However, this result may be biased because this question was 
only asked to people who have contact with farm animals. Immuno-
compromised individuals who exhibit risk-avoidance attitudes by 
avoiding all contact with farm animals because of infection risks are not 
represented. The exclusion of immunocompromised people with risk- 
averse attitudes could have influenced the results. 

A low educational level and limited language or computer skills are 
significantly correlated with risky attitudes. For people with limited 
language and computer skills, it is known that they could misunderstand 

Table 1 
Distribution of the sociodemographic factors.   

N % 

Gender   
Pregnant female 39 1.9% 
Male 988 48.5% 
Female (not pregnant) 1012 49.6% 

Residence   
Big cities 310 15.2 
Periphery 1729 84.8 

Age   
18–39 years 521 25.6% 
40–59 years 627 30.8% 
60+ years 891 43.7% 

Level of education   
Low 575 28.2% 
Intermediate 781 38.3% 
High 683 33.5% 

Immunocompromised   
No 1629 79.9% 
Yes 382 18.7% 
Do not want to tell 28 1.4% 

Parents with children below 13 years old   
No 1677 82.2% 
Yes 362 17.8% 

Contact with farm animals   
No 1053 51.6% 
Yes 986 48.4% 

Dog/cat ownership   
No 992 48.7% 
Yes 1047 51.3% 

Limited computer or language skills   
No 1949 95.6% 
Yes 90 4.4% 

Searched information on zoonoses   
No 1451 71.2% 
Yes 497 24.4% 
Do not know 91 4.5%  
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questions more often [20]. The significant associations among re-
spondents with low language and computer skills should therefore be 
interpreted with caution. 

The finding that young adults have high-risk attitudes could be 
related to the fact that risk perception increases with age [21], but it 
could also be caused by more often using social media as a source of 
medical information [22]. Social media are known to often lack reli-
ability and can provide medical misinformation [23]. 

There were no significant differences in attitudes found between 
owners of dogs and cats and people without dogs and cats. However, 
because of the intensity of contacts between pet owners and their pets, it 
is important that pet owners are aware of zoonotic risks. Research 
conducted in the United States shows that many pet owners do not 
realise that pets can transmit diseases [24]. 

Respondents who searched for information on zoonoses reported to 
wash their hands more often after touching or petting pets, as well as to 
check more often their bodies for ticks, monitor tick bite spots for 3 
months, check the quality of outdoor water, get information about 
rabies when travelling, and clean a bite or scratch wound. Possibly the 
content of available information on zoonoses could influence the risk- 
averse behaviours, but their interest in zoonoses could explain their 
attitudes too. 

In general, the proportions of the 2039 respondents in terms of 
gender, residence, age and level of education are nationally represen-
tative based on the Golden Standard of Market Research Association 
MOA for the Netherlands. Moreover, not all demographic groups were 
reached by the survey. For example, no respondents indicated that they 
did not identify as male or female and the study does also not represent 

people who cannot read or use computers at all. Another critical point of 
the present study is that it is mainly focused on attitudes, whereas 
knowledge and practices are not covered. They are all related, but the 
gap between knowledge, attitudes and performing behaviour should be 
considered [25,26]. It is also possible for respondents to give socially 
desirable answers which do not reflect their behaviour. Finally, the use 
of Bonferroni correction can be seen as too conservative, as Type II error 
can increase when the p-value is increased due to such correction. This 
means that false negative results become more likely to occur [27,28]. 
The likelihood of false-positive correlations would be very high when 
many different hypotheses are tested without any prior reasoned 
assumption. Using a correcting method such as the Bonferroni correc-
tion is therefore indicated [29]. 

The sociodemographic groups that are associated with risky attitudes 
could be a target group for policymakers to improve literacy about 
zoonoses so that they are better able to implement actions that reduce 
zoonotic risks. Besides people with high-risk attitudes, the so-called 
‘yopi’s’ (young, old, pregnant women, people with reduced immunity) 
are also high-risk groups for zoonoses because of the impact these in-
fections can have on them. Especially among people with reduced im-
munity and parents of young children, the results of the present study 
suggest there seems to be room for improving literacy about zoonoses. 
Pet owners and people having intensive contact with farm animals could 
also be considered as a risk group, as they are more often exposed to 
zoonoses. 

A follow-up study could help investigate the motivations of the at-
titudes observed in these groups and how people could be facilitated to 
change them in favour of more risk-averse behaviours. For example, 

Fig. 1. Beta coefficients and 95% Confidence Intervals between the studied confounders and attitudes.  

Fig. 2. Beta coefficients and 95% Confidence Intervals between factors related to literacy about zoonoses and attitudes.  
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regarding immunocompromised people and pet owners, studies from 
The United States have found that about 38–57% of veterinarians have 
brochures on zoonotic risks and only 4.2% of general practitioners do 
[24,30]. Other sources where people could obtain more information 
about zoonoses are specialist physicians, nursing staff, public health 
personnel, pet stores, animal breeders, friends/relatives, media (televi-
sion, books newspapers internet), among others. 

5. Conclusions 

This study indicates that people who are female, older, highly 
educated or those who searched for information about zoonoses, are 
relatively more likely to report behaviours favourable to the prevention 
of zoonoses. Results also show that there is room for improvement in 
literacy about zoonoses among immunocompromised people. Moreover, 
also people with limited language and computer skills are significantly 
more likely to report risk behaviours. The limited accessibility of those 
people to information could be a barrier to acquiring the necessary 
knowledge. 
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