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ABSTR ACT

INTRODUCTION

Background: In recent years, requests for rabies
immunoglobulin have increased at Amsterdam’s Academic
Medical Center’s travel clinic. Travellers who received
rabies pre-exposure prophylaxis (PrEP) before travel
departure have immunological memory that can quickly
be activated by timely booster vaccinations after possible
exposure to rabies. PrEP alleviates the need for costly
and scarcely available rabies immunoglobulin in case
of exposure. This study describes which travellers are
at risk of rabies exposure and would benefit from PrEP.
The secondary aim was to specify which factors influence
decision-making on taking PrEP.
Methods: We reviewed electronic patient files of travellers
attending our clinic for rabies post-exposure prophylaxis
between January 2009 and February 2014. Demographic
and travel characteristics were compared with a sample of
patients who were seen for pre-travel advice at our clinic.
To assess which factors had influenced the decision to take
PrEP, a questionnaire survey was conducted.
Results: A total of 161 travellers experienced
animal-associated injury. Compared with travellers from
the pre-travel database, more people travelled to Southeast
Asia (49.5% vs. 30.9%, p = 0.035) for comparable time
periods (median 21 vs. 21 days, p = 0.083). Transcutaneous
injuries (type III) were common (73.9%), most often
inflicted by dogs (45%). Only ten travellers (6.2%) had
received PrEP. Barriers for PrEP were high costs and a short
time interval between consultation and travel departure.
Conclusion: Travellers to Southeast Asia should
particularly be informed about rabies and the possibility
of PrEP. Long-term travel was not associated with a higher
risk of rabies exposure.

Rabies is a zoonotic viral disease causing fatal encephalitis
in mammals, including humans.1,2 Dogs are the main
source of human infections. Rabies causes an estimated
55,000 to 70,000 deaths annually, most of which occur in
rural parts of Africa and Asia.2,3
In developed countries, rabies mainly occurs among
travellers returning from endemic areas.
Rabies is a rare disease in the Netherlands, with five
reported cases in the past 50 years. However, three of
these five patients were treated in our hospital in the past
seven years, suggesting an increase of infections. The three
patients seen most recently had acquired rabies in Kenya,
Haiti and India, respectively, the other two in Indonesia
and Morocco. 4-8 All died, a tragedy augmented by the
fact that rabies is a vaccine-preventable disease. It is not
uncommon for travellers to experience a bite or scratch
from a potentially rabid animal. According to a recent
review, a one-month stay in Southern Asia, Southeast Asia,
Central America, South America or Africa is associated
with 0.4% chance of experiencing an animal-associated
incident (AAI).9
Active immunisation with rabies vaccine can be
administered as pre- and post-exposure prophylaxis (PrEP
and PEP, respectively). After high-risk (transcutaneous or
mucosal) exposure in unvaccinated individuals, passive
immunisation with rabies immunoglobulin is included
in the PEP regimen. Individuals who received active PrEP
have immunological memory that can be activated quickly
with post-exposure booster vaccinations. This precludes
the need for administration of rabies immunoglobulin
in case of exposure, which is expensive and typically not
available in endemic areas.10
In recent years, there has been an increase in consultations
after high-risk exposures among unvaccinated travellers
at our clinic, leading to an increase in the use of rabies
immunoglobulin. These patients would have benefitted
from PrEP. Therefore, it would be beneficial to specify those
at risk of an AAI while providing pre-travel advice.
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Previous studies identified travel to North Africa or
Southeast Asia, young age, travel to visit friends or relatives
(VFRs) or tourist travel as risk factors for AAIs.11-20 Although
these descriptive studies are illustrative, they only comprised
post-travel surveillance. We compared demographic and
travel related factors of those who returned after an AAI to
the overall population seen at our pre-travel department. By
including this denominator, we were able to compare relative
risks. This made more objective identification of populations
at risk of an AAI possible.
Furthermore, we described the exposure and management
details of these AAIs. Other objectives were to investigate
the knowledge of rabies among travellers and factors
that influenced the decision to receive PrEP before travel
departure.

Collection of demographic and travel related details of the
pre-travel database travellers is described elsewhere.21
In order to complete missing data from the electronic
patient files and to query travellers about the decision to
take PrEP, a standardised questionnaire was administered.
After providing informed consent, travellers included in
this study were asked by either telephone or email to fill in
an online survey made with Qualtrics (2005, Provo, UT,
USA). The questionnaire included information on traveller’s
knowledge, attitude, and practice regarding rabies and rabies
prevention. If data in the questionnaire contradicted those
in the electronic patient files, the electronic patient file data
were used. Travellers who had an AAI may have altered
knowledge and attitudes toward rabies. To compare this in
the PEP group to those who had not experienced an AAI,
we used the same questionnaire in a convenience sample of
travellers visiting our pre-travel clinic during 2013.

METHODS
Definitions and measurements
To assess the severity of AAI, we used the WHO
classification, which groups AAI into three categories: I
(mild injury: contact with intact skin), II (moderate injury:
minor scratches or abrasions without bleeding) and III
(severe injury: transdermal exposure).22
The questionnaire aimed to identify factors that influenced
travellers’ decisions to take PrEP. These factors were based
on elements of health behaviour models, experiences from
our vaccination nurses and questionnaires in previous
studies.14,23-26 Factors included were: pre-travel advice,
previous vaccinations, knowledge, perceived risk and
perceived severity of infection, and barriers (vaccination
costs and time interval between consultation and departure,
perceived risk of side effects of PrEP). Travellers were asked
to indicate the importance of perceived risk, perceived
severity and barriers on the decision to take PrEP, on a scale
from 1 to 6, 1 being not important and 6 very important.

The Medical Ethical Committee of the AMC approved the
study.
Primary and secondary outcomes
The primary outcomes were demographic and travel
related factors associated with the occurrence of an AAI.
The secondary outcomes were factors influencing the
decision to take PrEP.
Data collection
Electronic patient files of travellers requesting PEP at the
AMC between January 2009 and February 2014 were
analysed to obtain demographic information (sex, age),
travel details (duration, location, type of travel) and AAI
related information. This includes time interval between
departure and AAI, WHO risk classification, animal
species involved in AAI, means of contact with an animal,
location of injury, wound care, time interval between
AAI and PEP, and rabies immunoglobulin availability
at the local hospital. All travellers requesting PEP after
experiencing an AAI while traveling abroad were included
in this study. We excluded patients who requested PEP
after an AAI that occurred in the Netherlands, because our
focus was on travellers at risk.
In order to assess which demographic factors and travel
characteristics were specific for travellers requesting
PEP (PEP group), PEP group travellers who had obtained
pre-travel advice were compared with a group of 1749
travellers seen at the pre-travel clinic prior to departure
between 2011 and 2012 (pre-travel database). The PEP
group were contacted to question whether they had
obtained pre-travel advice. If individuals could not be
reached but had been given vaccinations prior to this or
previous similar travel, it was assumed they had obtained
pre-travel advice.

Statistical analysis
All data analyses were carried out using IBM SPSS
Statistics (version 20, Armonk, NY 2011). Pearson’s
chi-square test was used to compare the categorical
variables ‘sex’ and ‘travel destination’. The independent
t-test was used to compare the continuous parametric
variable ‘age’ and the Mann-Whitney U test was used to
compare the non-parametric ‘travel duration’. In order to
assess whether questions investigating the decision to take
PrEP could be combined, Cronbach’s alpha was done to
check internal consistency.

R ESULTS A ND DISCUSSION
Between January 2009 and February 2014, we treated
173 travellers with PEP after an AAI. Twelve individuals
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were excluded: ten because the AAI had occurred in the
Netherlands, two because they had been exposed to a rabid
patient. Of the remaining 161 travellers, the mean age was
34.6 years (SD 17.1) and 84 (52.2%) were male (table 1).
Most travellers (119, 73.9%) experienced a severe (category
III) incident and bites were the most reported means of
contact (116, 72.0%). Dogs were involved in most incidents
(72, 44.7%), followed by monkeys (48, 29.8%) and cats (21,
13.0%). Injuries occurred mainly on legs and hands (47,
29.2%; 44, 27.3%). The median time between departure
and AAI was nine days (IQR 5-17 days) (Appendix 1).

more than seven days had passed since the initiation of
PEP, and rabies immunoglobulin was not considered of
additional benefit.
Of the total 94 rabies immunoglobulin administrations,
only 17 (18.1%) were given at the travel destination,
underlining the limited availability in the country of
travel.10
Tourism and travel to Southeast Asia are risk factors for
an AAI
Pre-travel advice had been obtained by 105 travellers in the
PEP group. We compared these travellers to the pre-travel
database (table 2). No differences were found in age, sex or
travel duration. Travellers from the PEP group more often
travelled as tourists (77.8% vs. 66.1%, p = 0.035), more
often visited Southeast Asia (49.5% vs. 30.9%, p = 0.040)
and did not visit Western Africa more often (4.8% vs.
12.9%, p = 0.128). The risk of AAIs for tourists has been
described in several studies.9,12,15,20,23 In contrast to these
and our study, research from Marseille showed that VFR
travellers heading to North Africa were predominantly
at risk.11 The lack of denominator data in terms of total
number of departing travellers and associated relative risks
(different travel clinics have different populations) could
account for these differing results.
The frequent travel to Southeast Asia among travellers
in the PEP group supports findings of earlier studies on
PEP-requesting travellers,13,15-20,27 and on rabies contracted
among travellers.28 Southeast Asia is one of the most
popular travel destinations,29 which may result in frequent
reporting in post-travel surveillance studies. With the
inclusion of denominator data (travellers seen for pre-travel

Post-exposure care is prudent in the Netherlands and rabies
immunoglobulin is not globally available
In principle, rabies immunoglobulin is not indicated
for category I and II incidents or for those who have
already received PrEP. In the PEP group, ten (6.2%) had
a category I, 32 (19.9%) a category II and 119 (73.9%) a
category III incident (table 1). Of the total 161 travellers,
94 (58.4%) received rabies immunoglobulin: 87 with a
category III incident and seven with a category I incident.
The reasons why these last seven patients received rabies
immunoglobulin were that all had had contact with proven
rabid pets imported to the Netherlands (one from Poland
and one from Morocco) and that four were children under
the age of 12 years, making their medical history less
reliable. Of 119 travellers with a category III incident,
113 (95.0%) had not received PrEP and only 87 (77.0%)
received rabies immunoglobulin. The reasons why rabies
immunoglobulin was not administered in the remaining
26 travellers were either that the animal had been observed
to be alive and healthy two weeks after the bite, or that

Table 1. Exposure and management details of 161 travellers who experienced an AAI
Sex: n (%)
Male

84 (52.2)

Age:
Mean (SD)
Median (range)

34.6 (±17.1)
32.0 (1-79)

Pre-travel advice: n (%)
Yes
No
Unknown

105 (65.2)
40 (24.8)
16 (9.9)

Pre-exposure prophylaxis: n (%)
Yes
No
Unknown

10 (6.2)
150 (93.2)
1 (0.6)

Category I
(10)

Category II
(32)

Category III
(119)

Category III
no PrEP (113)

Total (161)

RIG: n (%)
Yes
No

7 (70.0)
3 (30.0)

0 (0.0)
32 (100.0)

87 (73.1)
32 (26.9)

87 (77.0)
26 (23.0)

94 (58.4)
67 (41.6)

AAI = animal-associated incident; PrEP = pre-exposure prophylaxis; RIG = rabies immunoglobulin.
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Table 2. Comparison of a database of 105 travellers that experienced an AAI to a database of 1749 travellers seen at
the travel clinic
PEP indication

Pre-travel

p-value

Sex: n (%) 0.124a
Male
Female

53 (50.5)
52 (49.5)

802 (45.9)
947 (54.1)

0.356a

Age: 0.128b
Mean (SD)
Median (range)

33.2 (±16.3)
30.0 (1-79)

36.5 (±17.9)
35.0 (0-90)

0.069b

Reason for travel: n (%)
Holiday/tourism
VFR
Business
Other
Not specified

49 (77.8)
3 (4.8)
3 (4.8)
8 (12.7)
42

933 (66.1)
299 (21.1)
179 (12.7)
338 (19.3)

0.035a
0.195a
0.612a
reference

Travel destination: n (%)
Southeast Asia
South America
Southern Asia
Western Asia
Eastern Africa
Northern Africa
Western Africa
Eastern Asia
Central America
Southern Africa
Other

52 (49.5)
12 (11.4)
11 (10.5)
4(3.8)
7 (6.7)
2 (1.9)
5 (4.8)
4 (3.8)
3 (2.9)
3 (2.9)
2(2.0)

541 (30.9)
243 (13.9)
194 (11.1)
77 (4.4)
168 (9.6)
43 (2.5)
226 (12.9)
63 (3.6)
45 (2.6)
77 (4.4)
62 (3.5)

0.040a
reference
0.747a
0.932a
0.726a
0.939a
0.128a
0.672a
0.651a
0.718a
0.581a

Travel duration:
Median (IQR)

21 (12-28)

21 (14-30)

0.083c

Pre-exposure prophylaxis: n (%)
Yes
No

10 (9.8)
95 (91.2)

119 (6.8)
1630 (93.2)

0.287a

Other is Southern Europe (n=1 vs.3), Eastern Europe (n=1 vs.11), Central Africa (n= 0 vs.15), Caribbean (n= 0 vs.33). aPearson’s Chi-square test;
b
Independent T-test; cMann-Whitney U test; dTravel duration was found in 79 electronic patient files; eOther; study and/or research, expatriate,
voluntary/missionary. AAI = animal-associated incident; PEP = post-exposure prophylaxis; VFR = travel to visit friends or relatives.

advice), we show and confirm that travel to Southeast Asia
is a risk factor for reported rabies exposure.
Surprisingly, despite our large West-African VFR
population, we found a trend association of fewer PEP
consultations among travellers to Western Africa. This
could either be due to lower risks or, more probably, be the
result of less awareness among this population, leading to
unreported rabies exposure. Comprehensive and routine
surveillance is often lacking in African countries and
improvement remains crucial.30,31
The finding that travel duration of travellers in the PEP
group did not differ from that of travellers seen for
pre-travel advice suggests that long-term travel is not
necessarily associated with an increased risk of reported
AAIs. Several other studies have also shown that risk
of AAI is not specifically associated with prolonged
travel.9,14,32,33 Therefore, the Netherlands’ coordination
centre of traveller advice (LCR) statement that PrEP
should be considered when the intended duration of

travel is at least three months must be considered for
revision.34
Knowledge on rabies was generally good
To study knowledge of rabies and rabies prevention, 46
pre-travellers and 60 travellers returning after an AAI
were interviewed, with comparable results (table 3). In
both groups, most travellers were aware that dogs, bats and
monkeys can transmit rabies, but very few travellers were
aware that all terrestrial mammals are susceptible to rabies
(5.0%). In both groups, all travellers but one were aware that
rabies is transmissible through bites, whereas fewer knew
of the risks of scratches and licks on broken skin. When
asked how to prevent rabies infection, most were aware of
vaccination (80% in both groups). A minority (13.3%) knew
that wound disinfection could also prevent rabies.
Overall, both travellers in the PEP group and those
interviewed prior to travel had good knowledge of rabies
and how to prevent it. These results are comparable with
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Table 3. Questionnaire results of 60 travellers who experienced an AAI compared with 46 travellers seen for pre-travel advice
PEP-indicated (n = 60)

Pre-travel (n = 46)

p-value1

n (%)

n (%)

52 (86.7)
22 (36.7)
45 (75.0)
50 (83.3)

44 (95.7)
27 (58.7)
33 (71.7)
37 (80.4)

0.181
0.031
0.825
0.800

59 (98.3)
36 (60.0)
31 (51.7)

46 (100.0)
30 (65.2)
26 (56.5)

1.000
0.687
0.696

48 (80.0)
8 (13.3)
4 (6.7)
36 (60.0)
43 (71.7)

37 (80.4)
--2
3 (6.5)
32 (69.6)
8 (17.4)

1.000

Which animals can transmit rabies?
Dogs
Cats
Monkeys
Bats
In which ways can rabies be transmitted?
Bites
Scratches
Licks on broken skin
In which ways can rabies be prevented?
Vaccinations
Wound disinfection
Medicine
Avoiding animals
Vaccinating animals

1.000
0.414
0.250

Fisher’s exact test; 2This possibility was not included in the multiple choice questionnaire of the pre-travel group; AAI = animal-associated incident;
PEP = post-exposure prophylaxis.
1

previous knowledge, attitudes and practices (KAP) studies
performed in France and among travellers to Southeast
Asia.14,23,24 Wound disinfection should be advised during
pre-travel consultation as an easy and low-cost way to
reduce risk of infection.

Reducing costs of the vaccination and reducing the
vaccination intervals could be an important step in
improving the uptake of rabies vaccinations prior to
travel. Many previous studies have stated that costs were
the main reason for travellers not to be vaccinated.9,14,23,25
The limited timeframe was also mentioned before as a
reason for not being vaccinated.14,23 Intradermal schemes,
although off-label in most developed countries, are
effective and boostable.35-38 We have previously proposed
various promising shortened intradermal schemes,39 which
are currently being investigated. 40-43 Further study of these
schemes is important in order to fast-track implementation
in clinical practice.

Pre-exposure prophylaxis should be scaled up
Importantly, of 161 travellers who experienced an AAI,
only ten (6.2%) had received vaccinations before travel
(table 1). This figure is comparable with previously recorded
percentages ranging from 0-16% showing that there is
ample room for improvement.13,16-20,23
Reducing vaccination costs and reducing the vaccination
intervals could increase uptake
Questions exploring the decision to take PrEP among
those who had experienced an AAI could not be analysed
in groups due to a lack of internal consistency; therefore,
all questions were analysed separately. On a scale of 1-6,
the perceived risk of exposure to rabies was not rated
as an important factor in the decision to take PrEP,
(mean 1.98±1.00), whereas perceived disease severity
scored high (mean 4.23±1.98). Vaccine costs and a short
time interval between consultation and departure were
rated as important barriers to the decision to take PrEP
(vaccine cost: mean 4.30±1.62; time before departure: mean
4.00±1.94), whereas potential risks of adverse events scored
lower (mean 2.43±1.28). No significant differences were
found between travellers who took PrEP and those who did
not (Appendix 2).

LIMITATIONS
There were several limitations of this study. First, the
population that we used as comparison to our case
population in order to identity risk factors for an AAI was
strictly of a different origin than the cases because the
timeframe of inclusion differed. The pre-travel database
population visited our AMC travel clinic prior to travel,
whereas the PEP population may have visited another
travel clinic prior to travel. However, we argue that
the comparison is justifiable because demographic and
travel characteristics are expected to be similar. By only
including those who had obtained pre-travel advice at
a travel clinic in the comparison, we aimed to rule out
differences in preventive behaviour.
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Second, the online survey was administered post-AAI,
with a maximum of five years between AAI and survey.
This may have resulted in memory bias when filling in the
questionnaires. For this reason we used information from
the electronic patient files when available.

11. Gautret P, Adehossi E, Soula G, et al. Rabies exposure in international
travellers: do we miss the target? Int J Infect Dis. 2010;14:e243-6.
12. Pandey P, Shlim DR, Cave W, Springer MF. Risk of possible exposure to rabies
among tourists and foreign residents in Nepal. J Travel Med. 2002;9:127-31.
13. Menachem M, Grupper M, Paz A, Potasman I. Assessment of rabies
exposure risk among Israeli travellers. Travel Med Infect Dis. 2008;6:12-6.
14. Piyaphanee W, Shantavasinkul P, Phumratanaprapin W, et al. Rabies
exposure risk among foreign backpackers in Southeast Asia. Am J Trop
Med Hyg. 2010;82:1168-71.

CONCLUSION
The results of this study show that pre-exposure
prophylaxis rates for rabies are low. Travel to Southeast
Asia and travelling as a tourist are risk factors for rabies
exposure. Long-term travel was not associated with higher
risk of rabies exposure. Dutch travellers generally have
good knowledge of rabies and how to prevent it. Tourists
travelling to Southeast Asia should be advised to have
rabies PrEP. Vaccination costs and a short time prior to
departure remain barriers to vaccination.
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Appendix 1. Exposure and management details of 161 travellers that experienced an AAI
Sex: n (%)
Male

84 (52.2)

Age:
Median (range)

32.0(1-79)

Travel destination: n (%)
Southeast Asia
South America
Southern Asia
Western Asia
Eastern Europe
Eastern Africa
Northern Africa
Western Africa
Eastern Asia
Central America
Western Europe
Southern Africa
Southern Europe
Other

67 (41.6)
20 (12.4)
14 (8.7)
13 (8.1)
12 (7.5)
7 (4.3)
6 (3.7)
6 (3.7)
5 (3.1)
4 (2.5)
3 (1.9)
3 (1.9)
1 (0.6)
0 (0.0

Animal involved in AAI: n (%)
Dog
Monkey
Cat
Batb
Otherc
Unknown
Not applicablea

72 (44.7)
48 (29.8)
21 (13.0)
14 (8.7)
3 (1.9)
2 (1.2)
1 (0.6)

Contact with animal: n (%)
Bitesd
Scratches
Licks
Othera
Unknown

116 (72.0)
25 (15.5)
12 (7.5)
1 (0.6)
7 (4.3)

Body part of injury: n (%)
Leg
Arm
Torso
Head
Unknown

69 (42.9)
64 (39.7)
8 (4.9)
6 (3.7)
14 (8.7)

Wound cleaning: n (%)
Yes
No
No woundd
Unknown

76 (47.2)
9 (5.6)
6 (3.7)
70 (43.5)
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Appendix 1. Exposure and management details of 161 travellers that experienced an AAI
Place of start post-exposure prophylaxis: n (%)
1st injection at travel destination
1st injection in the Netherlands
Unknown

81 (50.3)
79 (49.1)
1 (0.6)

Place of RIG administration: n (%)
RIG on travel destination
RIG in the Netherlands
Not applicable

17 (18.1) (10.6)
77 (81.9) (47.8)
67 (41.6)

Time from departure to AAI: (n = 101)

9.0

0-492

5-18

0.0
10.0
2.0

0-14
0-80
0-80

0-1
3-12
0-10

0.0
5.0
4.5

0-6
0-44
0-44

0-1
3-14
2-12

Time from incident to PEP initiation:
In travel destination (n = 62)
In the Netherlands (n = 61)
Total (n = 123)e
Time from incident to RIG administration:
In travel destination (n = 15)
In the Netherlands (n = 55)
Total (n = 70)f

Scratch on rock in bat cave; bIncludes cases where no bat was sighted, but where bats were highly suspected; cIncludes cases of rodent and coatis;
Includes two cases where wounds were suspected to be from animal bites; eIn 123 of the 161 PEP cases, time from incident to PEP was registered;f
In 70 of the 94 RIG cases, time from incident to RIG was registered.
a

d

Appendix 2. Comparing factors influencing the decision to take PrEP of 60 travellers

Pre-travel advice
Yes
No

Total: n (%)

PrEP: n (%)

No PrEP: n (%)

44 (73.3)
16 (26.7)

5 (100.0)
0 (0.0)

39 (71.0)
16 (29.1)

p-valueb
0.199

Rabies mentioned in pre-travel advice
Yes
No

0.172
22 (50.0’
22 (50.0)

4(80.0)
1(20.0)

18 (40.9)
21 (47.7)

Rabies vaccines mentioned in pre-travel advice:
n (%)a
Yes
No

26 (59.1)
18 (40.9)

3 (60.0)
2 (40.0)

15 (38.5)
24 (61.5)

Previous travel vaccines
Yes
No

58 (96.7)
2 (3.3)

5 (100.0)
0 (0.0)

53 (96.4)
2 (3.6)

Total: mean (SD)

PrEP: mean (SD)

No PrEP mean
(SD)

p-valuec

Knowledge score

8.20 (±2.30)

7.60 (±2.79)

8.25 (±2.27)

0.585

Perceived risk of exposure

1.98 (±1.00)

2.60 (±0.89)

1.93 (±1.00)

0.117

Perceived severity

4.23 (±1.98)

5.80 (±0.45)

4.09 (±2.00)

0.104

Barriers
Vaccine costs
Time before departure

4.30 (±1.62)
4.00 (±1.94)

5.20 (±0.84)
3.20 (±1.92)

4.22 (±1.65)
4.07 (±1.94)

0.259
0.374

2.40 (±1.67)

2.44 (±1.26)

0.795

0.325

0.839

Perceived risk of side effects of PrEP

2.43 (±1.28)

The 44 travellers that received pre-travel advice; Fisher’s exact test (one-sided); Mann-Whitney U test.

a

b

c
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