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Background: Travellers visiting rabies-endemic countries are at risk of rabies infection. Assessing travellers’
knowledge and risk perception of rabies and risk behaviour during travel can help identify knowledge gaps and
improve pre-travel risk education.

Methods: Cohort study in Dutch adult travellers, using two surveys: one before travel to assess knowledge and
perception of rabies, and one after return to identify risk behaviour during travel.

Results: The pre-travel and post-travel survey were completed by 301 and 276 participants, respectively. 222
participants had travelled to a high-risk rabies-endemic country. 21.6 % of the participants scored their rabies
knowledge as poor. Some participants were unaware cats or bats can transmit rabies (26.6 % and 13.6 %,
respectively), or that post-exposure prophylaxis (PEP) is required for certain exposures such as skin abrasions
without bleeding or licks on damaged skin (35.5 % and 18.9 %, respectively), while 27.9 % of participants did
not know PEP needs to be administered within one day. 115 participants (51.8 %) reported any form of contact
with any animal during travel. Two participants reported animal exposure, of which one took adequate PEP
measures. Risk factors for animal contact abroad were regularly touching cats or dogs at home or abroad, longer
travel duration, having pets during childhood and being an animal lover.

Conclusions: Pre-travel rabies risk education currently does not meet travellers’ needs, which is reflected in
knowledge gaps and engagement in risk behaviour during travel. During pre-travel health advice, avoiding
animal contact abroad should be emphasized, and additional education is required about indications for PEP.

1. Introduction

With 59.000 human deaths annually, rabies remains one of the
deadliest neglected infectious diseases [1]. The majority of these deaths
is attributable to bites by infected dogs, although other wild and do-
mestic terrestrial animals as well as bats can also spread rabies. Most of
these deaths occur in rural Asia and Africa and are the consequence of
insufficient dog vaccination, limited access to adequate healthcare and
poor availability of rabies post-exposure prophylaxis (PEP) [1].

In West-European countries, rabies infections are rare [2]. Thanks to
measures such as mass vaccination of dogs and foxes and quarantine
regulations for imported pets, rabies virus has been eradicated in

domesticated animals since the end of the 20th century. However,
people from Europe can still be infected with rabies after encountering a
rabid animal while travelling in rabies-endemic countries. As the vol-
ume of intercontinental travel is returning to pre-pandemic levels, more
people are at risk of exposure to a potentially rabid animal [3]. It is
estimated that 1 in 300 travellers per month of stay in rabies-endemic
areas sustains an animal-related injury with an indication for treat-
ment with rabies PEP [4].

A considerable amount of travellers seeks pre-travel health advice
before intercontinental travel [5-7]. This pre-travel consultation pro-
vides an opportunity to educate travellers about the prevalence of rabies
at their destination and to administer vaccination against rabies in the
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context of pre-exposure prophylaxis (PrEP) in order to obtain long-term
boostability for future travels. Because of time constraints, the risk of
rabies might not always be discussed during this pre-travel consultation
[8-11]. Seeking PEP after possible exposure to rabies must be done
diligently and quickly, and it is important that travellers are aware when
and where to seek medical help.

Previous research on the knowledge of travellers about rabies has
shown that most people were aware of the disease, but were unsure
when to seek medical attention [12-14]. In addition to this knowledge
gap, many travellers reported animal contact during travel [13,15,16].
Most people from Western Europe are not accustomed to the possible
risk of exposure to rabies every time they touch an animal. Thus, they
may be less careful and more inclined to touch dogs and cats abroad, as
they would at home.

From these studies it appears that travellers lack knowledge about
rabies, and that current pre-travel advice falls short in meeting travel-
lers’ information needs. If these knowledge gaps can be identified in
more detail, pre-travel advice could be tailored to fill these gaps and
improve travellers’ preparedness for rabies exposure.

During a randomized controlled trial on single-visit rabies pre-
exposure vaccination in Dutch travellers, participants were asked to
fill out two surveys: one before their trip, to assess their knowledge and
risk perception of rabies, and one after their return, to identify risk
behaviour during travel. The aim of the study was to identify knowledge
gaps and to assess risk perception of rabies as well as risk behaviour
during travel, to improve targeted pre-travel risk education in the future.

2. Materials and methods
2.1. Study design and participants

This study was nested within a large multi-centre randomised
controlled non-inferiority trial of single-visit rabies vaccination PrEP
schedules, conducted at three Dutch travel clinics (Leiden University
Medical Centre, Leiden; Travel Clinic Erasmus Medical Centre, Rotter-
dam; Amsterdam University Medical Centers, location AMC, Amster-
dam) between May 2018 and December 2021 [17]. The study consisted
of two parts: a randomized controlled trial of single-visit rabies PrEP and
a survey study to collect data about rabies knowledge and risk behaviour
during travel in this cohort of Dutch travellers. This manuscript reports
on the survey study; the results of the clinical trial have been reported
elsewhere [17].

Healthy travel clinic visitors aged >18 years were invited to partic-
ipate if they had not received rabies vaccination in the past and did not
require rabies PrEP according to national guidelines. Participants were
excluded if their travel duration exceeded eight weeks or if they
departed within one week. Additional exclusion criteria were: (sus-
pected) allergy against egg protein or other vaccine components;
immunocompromised state; receipt of blood products up to three
months prior to inclusion; chloroquine or mefloquine use; history of any
neurological disorder; pregnancy or breastfeeding; concurrent infectious
disease other than seasonal cold; bleeding disorders, or the use of anti-
coagulants. Participants >18 years old who were screened for the
vaccination trial and did not meet all eligibility criteria or were not
interested in participating in the vaccination trial were still asked to fill
out the first survey.

The study was conducted in line with the International Council on
Harmonization (ICH) guidelines for Good Clinical Practice and the
Declaration of Helsinki. Informed consent was obtained from partici-
pants before any study procedure was performed. Ethics approval was
obtained from an independent ethics committee (Stichting Bebo,
NL60550.056.17), and the study was registered in the Dutch Trial reg-
istry (NTR6817) and in EudraCT (2017-000089-31).
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2.2. Study procedures

Participants received two surveys via email: one was sent before
travel, immediately after the first rabies vaccination study visit, and one
was sent within one week after return from travel. Participants who did
not participate in the rabies vaccination study only received the first,
and not the second survey. The second survey was sent within a week
after the participant’s return from their travel to limit recall bias. To
minimize loss to follow-up, two reminder emails were sent if the survey
was not filled out. Participants who did not complete the second survey
after these reminders were reminded in person to fill out the survey after
the next vaccination study visit following their return.

The first survey contained questions about demographic variables
(sex, age, education level, income level, birth country), attitude towards
animals (fear, allergy, owning pets, usual contact with animals abroad or
at home) and travel details (destination, duration, company, purpose
and insurance), as well as questions about rabies pre-travel advice,
knowledge about rabies, perceived risk of acquiring rabies during travel,
attitudes towards rabies vaccination, and vaccination barriers. The
second survey contained questions about risk activities and animal
contact during travel.

2.3. Statistical methods

In case of duplicate survey entries of the same participant, only the
most complete survey was included. The first survey had to be
completed to be included in pre-travel data analysis. For post-travel data
analysis, both the first and second survey had to be completed. In
addition, post-travel analysis only included participants who had actu-
ally travelled (travel duration >0 days) to a country that was classified
as high-risk for rabies, considering some people decided to stay at home
or change travel plans due to the SARS-CoV-2 pandemic at the time. If
multiple travel plans were entered, departure and arrival dates from the
first non-interrupted stay abroad were used to calculate planned and
actual travel duration. Participants were excluded from post-travel
analysis if their actual travel duration was negative, zero or impos-
sibly high (>730 days). A country was classified as high-risk if rabies
was present in both dogs and wildlife according to the classification
issued by the Dutch national coordination centre for travel advice
(Landelijk Coordinatiecentrum Reizigersadvisering, LCR) [18]. If a
participant visited multiple countries during one trip, all countries were
assessed for rabies risk. In case of multiple travel destinations that
included at least one high-risk country, the whole trip was classified as
high-risk travel.

Baseline characteristics and travel details were assessed for two
distinct groups: everyone who completed the first survey, and a sub-
group that had actually travelled to a high-risk country. Results were
described using proportions for categorical variables, means and stan-
dard deviation for normally distributed continuous data, or median and
interquartile range (IQR) for non-normally distributed continuous data.

For post-travel analysis, baseline characteristics, attitude towards
animals, rabies vaccination status and travel details were tested for as-
sociation with animal contact using univariable logistic regression.
Crude odds ratios were reported. Moderately significant variables (p <
0.1) were included in further minimally adjusted logistic regression,
corrected for age and sex, to identify independently associated factors
(p < 0.05) with corresponding adjusted odds ratios. For calculating odds
ratios, ordinal variables (scored on a scale of 0-4, corresponding to a
scale from ‘never/not at all’ to ‘always/extremely’) were transformed
into binary variables by transforming scores 0-1 into a ‘no’ and scores
2-4 into a ‘yes’.

The sample size was calculated to demonstrate non-inferiority in
vaccine efficacy and therefore does not relate to the secondary survey
data endpoints.

Statistical analyses were performed using SPSS version 25.
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3. Results
3.1. Participants

322 pre-travel surveys were sent out. 304 participants filled out the
pre-travel survey of which 301 (99 %) surveys were completed. These
301 participants were included in pre-travel data analysis. Of these 301
participants, 7 % (n = 21) did not take part in the vaccination study and
therefore did not receive the second survey. All 276 participants who
filled out the post-travel survey completed it. Of these 276 participants,
13 were excluded because no actual travel had taken place. Addition-
ally, 41 participants were excluded because they had not travelled to a
high-risk destination, leaving 222 participants for post-travel data
analysis (Fig. 1).

3.2. Pre-travel data analysis

3.2.1. Baseline characteristics

59.1 % of all participants who had completed the first survey were
female (n = 178) and the mean age was 31 years (standard deviation:
13.6). 95 % of the participants (n = 286) were Dutch. Most participants
(61.8 %) had completed higher education (n = 186). A considerable
number of participants was either unemployed (n = 50, 16.6 %) or
earned less than €1000 per month (24.3 %, n = 73) (Table 1).

The purpose of planned travel varied. Many went on a holiday; 16.6
% (n = 50) with a tour operator and 42.2 % (n = 127) self-organized.
Most participants (n = 290, 96.3 %) had travel insurance. The mean
actual high-risk travel duration was 21.1 days (standard deviation 10).
Of these participants, 51.8 % (n = 115) went to Asia, 27 % (n = 60) went
to Africa, 12.2 % (n = 27) to South America, 9.5 % (n = 21) to North
America, 2.7 % (n = 6) to Europe and 1.8 % (n = 4) to Oceania (Table 2).

3.2.2. Pre-travel advice

Participants were asked to rate certain factors in the decision to get
vaccinated against rabies according to importance on a scale from 1 to
10, in which 1 is of no importance, and 10 is of the highest importance.
They reported that the risk of getting rabies was the most important
factor (mean 8.7/10). Other important factors were the availability of
rabies immunoglobulins on destination (7.4/10), the risk of being bitten
(7.2/10) and the duration of protection through vaccination (7.1/10).
Less important factors were costs (5.6/10), the risk of side effects (5.2/
10) and the required number of vaccinations (3.8/10).
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Table 1
Baseline characteristics.

Participants who
completed the pre-travel
survey (n = 301)

31.0 (13.6)

Travellers to high-risk areas
who completed the post-travel
survey (n = 222)

Age in years (mean 31.8(13.6)
(sd))

Sex (% female (n))

Nationality (%
Dutch (n))

Education level (% (n))

59.1 % (178)
95 % (286)

57.2 % (127)
95.5 % (212)

Lower practical 0.3 % (1) 0.5% (1)
education

High school (VMBO 2.3% (7) 2.7 % (6)
level)

Middle practical 6.6 % (20) 7.2 % (16)
education

High school (Havo
or VWO level)

28.6 % (86) 25.7 % (57)

Higher practical 21.6 % (65) 23.4 % (52)
education (HBO
level)
University 39.8 % (121) 40.1 % (89)
Other 0.3% (1) 0.5% (1)
Monthly income (% (n))
Unemployed 16.6 % (50) 14.9 % (33)
< €1000 24.3 % (73) 21.2 % (47)

€1001-€2000 15 % (45) 16.2 % (36)
€2001-€3000 29.9 % (90) 32 % (71)
€3001-€4000 7.3 % (22) 8.1 % (18)
> €4001 2.7 % (8) 2.7 % (6)

‘I don’t know’ 1% (3) 0.9 % (2)
Prefer not to answer 3.3 % (10) 4.1 % (9)

Although most participants received free rabies vaccination in the
context of the single-visit rabies vaccination study, they were asked how
much they would have been willing to pay for rabies PrEP. The median
acceptable costs were 70 euros (IQR €50-100), which is considerably
lower than the current costs (full PrEP schedule > €90).

Most people would like to receive information on rabies vaccination
from their travel clinic (84.4 %, n = 254), while a minority believes it to
be their own responsibility (4 %, n = 12) to gather information, or would
like to receive information from various other sources (11.7 %, n = 35).

Participants would like to see the following topics of advice
mentioned during pre-travel risk education were: information on how to
recognize rabid animals and the difficulty thereof, the importance of

Excluded (n=21)
«Lost to follow-up (n=18)
*Incomplete survey (n=3)

Not included in rabies
vaccination trial (n=21)

Excluded (n=4)
+Lost to follow-up (n=4)

Received first survey (n=322)
l >
v
PRE-TRAVEL Completed first survey, included
ANALYSIS for pre-travel analysis (n=301)
| »>
v
Received second survey (n=280)
I »>
v
Completed second survey
(n=276)
l >
v
POST-TRAVEL Included for post-travel analysis
ANALYSIS (n=222)

Fig. 1. Flow diagram of study participants.

Excluded (n=54)
+No travel took place (n=13)

Travel to a country with no or low

risk of rabies (n=41)
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Table 2
Travel details.

Participants who
completed the pre-travel
survey (n = 301)

Travellers to high-risk areas
who completed the post-travel
survey (n = 222)

Travel purpose (% (n))
Holiday, booked via

tour operator
Holiday, self-

16.6 % (50) 20.3 % (45)

42.2 % (127) 45 % (100)

organized
Business 1% (3) 1.4 % (3)
Visiting friends or 4.3 % (13) 3.2 % (7)
relatives
Study/internship 15.3 % (46) 9 % (20)
Volunteering 3.3 % (10) 2.7 % (6)
Backpacking 15.6 % (47) 16.7 % (37)
Other 1.7 % (5) 1.8 % (4)
Destination (% (n))
Asia 46.2 % (139) 51.8 % (115)
Africa 23.9 % (72) 27 % (60)
South America 20.6 % (62) 12.2 % (27)
North America 9 % (27) 9.5 % (21)
Europe 5% (15) 2.7 % (6)
Oceania 2% (6) 1.8 % (4)
Travel insurance 96.3 % (290) 96.4 % (214)
(% (n))
Travel duration in 23.1 (12.7) 21.1 (10)
days (mean (sd))
Invalid/zero/ 4.3 % (13) 0% (0)
negative duration
% ()

avoiding animal contact, urgency of action after possible exposure, an
overview of vectors, and the possibility of cheaper intradermal
fractional-dose PrEP vaccination. Some indicated they wished to receive
information leaflets or flyers.

3.2.3. Rabies knowledge

Participants were asked to score their own rabies knowledge. Of 301
participants, 17.3 % (n = 52) scored their knowledge as good; 61.1 % (n
= 184) as sufficient, and 21.6 % (n = 65) as poor.

Of 301 participants, 38.2 % (n = 115) thought they were travelling to
a high-risk rabies country, of whom 87.8 % were correct. On the other
hand, 33.9 % (n = 102) of participants thought their destination was not
high-risk for rabies, and only 14.7 % of them (n = 15) were correct in
that assessment. That means that 28.9 % (n = 87) of all 301 participants
falsely believed they were travelling to a low-risk country. An additional
27.9 % (n = 84) did not know the rabies risk at their destination.

Regarding rabies vector species, several knowledge gaps were
identified. Most people (99.7 %, n = 300) knew that dogs could transmit
rabies, but 26.6 % (n = 80) did not know that cats can transmit rabies, or
bats (13.6 %, n = 41), or monkeys (11.3 %, n = 34). In addition, a
considerable proportion of participants was unfamiliar with certain
routes of transmission and their respective indication for PEP: 18.9 % (n
= 57) did not know PEP would be required for licks on broken skin, 35.5
% (n = 107) for animal-induced skin abrasions without visible blood,
and 17.6 % (n = 53) was unaware PEP was required for skin abrasions
with a bleeding wound. 9.3 % (n = 28) indicated that they had no idea
when PEP was needed.

Regarding wound care, 44.2 % (n = 133) believed that flushing with
only water would be sufficient for wound cleansing, as opposed to the
required rigorous washing with soap and/or disinfecting agents.
Furthermore, 72.1 % (n = 217) of the participants knew that PEP should
be administered as soon as possible, preferably within 24 h. However,
16.9 % (n = 51) thought that within one week would be quick enough,
and a small percentage (1.3 %, n = 4) thought that within one month
would be quick enough. A minority of 9.6 % (n = 29) indicated they did
not know how quickly PEP should be administered.

To investigate whether receiving more detailed information about
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rabies resulted in higher knowledge levels on specific topics, the
knowledge test answers of the 280 participants of the vaccination study,
who had received additional information about rabies beforehand, were
compared to answers of the 21 non-participants. Vaccination study
participants had a significantly higher odds of knowing that dogs and
bats (OR 15, 95 % CI [9.82-22.91]; OR 4.61, 95 % CI [1.78-11.94],
respectively) can transmit rabies, and that a skin abrasion without
visible blood is an indication for PEP (OR 2.60, 95 % CI [1.06-6.38]).

3.3. Post-travel data analysis

3.3.1. Risk activities during travel

Among the 222 travellers to high-risk countries, many risk activities
during travel were reported: 14.9 % (n = 33) visited a monkey sanctu-
ary, 40.1 % (n = 89) went trekking for multiple days, 31.5 % (n = 70)
went to a cave, 30.6 % (n = 68) went cycling, 57.7 % (n = 128) visited a
wildlife or nature park. Most importantly, 51.8 % (n = 115) reported any
contact with an animal. Most of these participants who had animal
contact, had contact with a dog (32.9 %, n = 73). Other contacts were
cats (18 %, n = 40), monkeys (3.6 %, n = 8), and bats (0.5 %, n = 1).

In univariate logistic regression, having a pet during childhood, fe-
male sex, being an animal lover, touching cats or dogs at home and
abroad, younger age (<35) and longer travel duration (>14 days) were
positively associated (p < 0.1) with any animal contact during travel.
Animal contact was not associated with rabies vaccination status,
owning a pet, fear of animals, or the belief that the country was high-risk
for rabies. In sex- and age-adjusted analysis, touching cats or dogs at
home (adjusted OR 5.19, 95 % CI [2.80-9.62]), touching cats or dogs
abroad (adjusted OR 4.03, 95 % CI [1.74-9.31]), a longer travel dura-
tion (adjusted OR 2.32, 95 % CI [1.24-4.36]), having pets during
childhood (adjusted OR 2.23, 95 % CI [1.18-4.20]), and being an animal
lover (adjusted OR 3.41, 95 % CI [1.44-8.09]) were associated (p <
0.05) with animal contact (Table 3).

3.3.2. Animal-associated injuries

Two incidents (0.9 %) that required PEP were reported. One
participant was bitten by a cat and took adequate PEP measures. The
other participant had touched a bat “from a person on the street” but did
not take any further rabies-preventing precautions (Table 4). According
to WHO guidelines, this person should have received PEP, as any contact
with a bat is an indication for PEP [19,20].

4. Discussion

This study demonstrated that numerous knowledge gaps were still
present among Dutch travellers travelling to rabies-endemic areas,
which could result in an increased risk of rabies exposure. Their
knowledge falls short regarding rabies risk at destination, rabies vector
species, and possible routes of transmission. Most importantly, knowl-
edge about timing and urgency of medical assistance in case of an
animal-induced injury was lacking in 28 % of travellers. This is highly
concerning, because these individuals might not access the necessary
medical care even if there is a clear indication for PEP. Various studies
have already shown that a considerable number of travellers did not act
according to PEP guidelines after possible rabies exposure, which could
lead to rare but fatal outcomes [11,21,22]. Most fatal outcomes have
been reported in travellers who had not received PEP, or only incom-
plete PEP [23-25]. Improved, tailored pre-travel education might help
in preventing these deaths.

In addition, this study showed that the provided pre-travel rabies
education did not meet the needs of travellers. Travellers indicated that
they did not feel sufficiently educated and indicated that they were
missing crucial information, which is reflected in the knowledge gaps
this study identified. Additionally, this study showed that the costs of
rabies vaccination were higher than considered acceptable, which might
hamper the promotion of pre-exposure vaccination. However, at the
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Table 3

Associations between participant characteristics and animal contact during travel.

Travel Medicine and Infectious Disease 60 (2024) 102739

Animal contact (N = No animal contact (N = Crude odds ratio [95 Pvalue  Adjusted odds ratio” [95 P
115), n (%) 107), n (%) % CI] % CI] value®
Female sex 72 (62.6 %) 55 (51.4 %) 1.58 [0.93-2.70] 0.092 1.55 [0.91-2.65] 0.110
Young age (<35 years old) 93 (80.9 %) 75 (70.1 %) 1.80 [0.97-3.36] 0.061 1.76 [0.94-3.29] 0.077
Animal lover 107 (93 %) 85 (79.4 %) 3.46 [1.47-8.16] 0.003 3.41 [1.44-8.09] 0.005
Afraid of animals 14 (12.2 %) 17 (15.9 %) 0.73 [0.34-1.57] 0.425
Had a childhood pet 94 (81.7 %) 70 (65.4 %) 2.37 [1.28-4.39] 0.006 2.23 [1.18-4.20] 0.013
Current pet owner 47 (40.9 %) 34 (31.8 %) 1.48 [0.86-2.58] 0.160
Touches cats or dogs in homeland 89 (77.4 %) 44 (41.1 %) 4.90 [2.74-8.78] <0.001 5.19 [2.80-9.62] <0.001
Touches cats or dogs abroad 29 (25.2 %) 8 (7.5 %) 4.17 [1.81-9.61] <0.001  4.03 [1.74-9.31] 0.001
Longer travel duration (>14 days) 94 (81.7 %) 71 (66.4 %) 2.27 [1.22-4.22] 0.009 2.32 [1.24-4.36] 0.009
Received rabies PrEP 99 (86.1 %) 94 (87.9 %) 0.86 [0.39-1.88] 0.697
Believes destination is high-risk 43 (37.4 %) 43 (40.2 %) 1.00 [0.55-1.83] 1.000

country for rabies

@ Adjusted for age and sex.

Table 4
Characteristics of the participants with an animal-induced injury at risk for
rabies infection.

Individual 1 Individual 2
Age 25 23
Sex Female Male
Country of visit Vietnam Indonesia
Purpose of travel Backpacking  Self-organized holiday
Travel duration (days) 29 19
Vaccinated against rabies Yes Yes
Animal Cat Bat
Reason for contact Curiosity ‘Someone on the street had a
bat’
Location Arms/hands ~ Unknown
Type of exposure Bite Petting/touching
WHO-defined exposure 111 i
category
Cleaned wound Yes Not applicable
Received PEP vaccinations Yes No
Received RIG as PEP Yes No
Self-scored rabies knowledge Good Sufficient
level
Had a childhood pet Yes Yes
Animal lover Yes Yes
Animal fear No No
Pet owner No Yes

@ This exposure was classified as a WHO category III exposure, as the 2018
WHO expert consultation on rabies report states that “physical contact with bats
should be followed by PEP.” Additionally, in the 2018 WHO rabies vaccines
position paper: “Bat bites or scratches are not readily visible or detectable,
therefore for exposures involving physical contact with a bat, RIG should be
injected around the site of exposure to the degree that is anatomically feasible.”

same time, within this study, costs of vaccination were scored as a
relatively less important factor in considering PrEP vaccination. Yet,
healthcare professionals believe this is a common reason for declining
rabies vaccination [5,13]. One study indicated that vaccine uptake was
higher in countries with a lower vaccine cost index [11]. Although PrEP
vaccination is an important tool to prevent rabies, appropriate risk ed-
ucation is just as valuable, if not more.

The knowledge gaps and level of risk behaviour described in our
study are largely in line with other literature. Previous studies report a
similar level of animal contact during travel, as well as similar knowl-
edge levels about rabies vectors such as dogs, cats, monkeys and bats,
routes of transmission, and effective preventive measures against rabies
infection [10-15,21,26].

A retrospective study with a larger sample size reported a younger
age, high level of education, long travel duration, hiking for more than a
day, visiting a monkey park, having touched an animal during a previ-
ous journey, and having a childhood pet as independent risk factors for
animal contact [15]. The mentioned study had more statistical power,
tested for different variables and used a different type of adjusted

logistic regression, which could explain why our study did not identify
the exact same independent risk factors.

Our study finds its strength in a committed study population that had
to return for study visits after travelling, which minimized the loss to
follow-up. The survey was comprehensive and evaluated similar items
as previous studies in the same field, allowing meaningful comparison
[10-15,21,26]. However, for a survey study, the sample size was rather
small which might have resulted in larger confidence intervals for the
odds ratios of factors associated with animal contact. Despite the smaller
sample size, a considerable number of events of animal contact allowed
for sufficient power for multivariable logistic regression. The study
paints a clear picture: people who are used to petting animals in their
home country or abroad are more likely to repeat this behaviour during
future travel and should be warned in particular.

A limitation of this study concerns extrapolation of the results to the
general population. First of all, the study population was recruited from
a rabies vaccination study, which means that most study participants
received more information on the topic of rabies than the general
travelling public. Secondly, the majority of this population was highly
educated. These two factors may imply that the knowledge gaps in a
general population are possibly even larger and deserve attention.

The results of this study call for a revised approach to rabies risk
education pre-travel, as was also recently suggested in recommenda-
tions of the European Centre for Disease Prevention and Control (ECDC)
[2]. Taking into account the factors travellers indicate as important in
their decision to get vaccinated, an ideal rabies pre-travel risk consul-
tation should inform travellers about the risk of rabies and the avail-
ability of PEP at destination at the very least, as well as a clear warning
to stay away from animals; not just preventing active engagement, but
also promoting vigilance for unexpected animal attacks. In addition,
travellers need to be informed about 1) rabies vector species at their
destination; 2) routes of transmission; 3) adequate wound cleansing; and
4) when and how fast the various types of PEP are required. Addition-
ally, travellers need to be informed that while PrEP obviates the need for
rabies immunoglobulins, it does not obviate the need for post-exposure
booster vaccinations. Currently, advice clearly falls short on each of
these topics, as most participants either falsely believed their destination
to be low-risk or did not know the rabies risk at all, and too many were
unfamiliar with rabies vector species and routes of transmission. Specific
targeted groups that have a higher risk of animal contact abroad include
animal lovers, people who are used to petting animals abroad or at home
and people who had pets during childhood [15,16]. Active inquiry about
these risk factors can help tailor risk education to benefit those who are
most at risk.

Worryingly, many people had contact with an animal during their
travel, indicating a lack of compliance to pre-travel advice. It is vital that
physicians and travellers alike do not rely solely on the effects of pre-
exposure vaccination. The core message of any pre-travel consultation
about a rabies-endemic destination should be to avoid all animal
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contact. Vaccination is not the holy grail, and should always be
mentioned alongside protective measures to prevent rabies. People who
have been vaccinated against rabies — rightfully — experience more
anxiety about rabies than people who have not been vaccinated, and
who are, most likely, less educated [27]. Therefore, education about
rabies needs to come first, and vaccination only second.
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