
1www.eurosurveillance.org

Research

Rabies vaccination strategies in the Netherlands in 2018: 
a cost evaluation

Anita WM Suijkerbuijk1, Marie-Josee J Mangen1,2 , Manon R Haverkate1,2 , Floriana S Luppino³ , Sabine E Bantjes¹ , Leo G Visser4,5 , 
Corien M Swaan¹ , Wilhelmina LM Ruijs¹ , Eelco AB Over¹
1.	 National Institute for Public Health and the Environment, RIVM, Bilthoven, the Netherlands
2.	 These authors contributed equally to this manuscript
3.	 Eurocross Assistance, Leiden, the Netherlands
4.	 Leiden University Medical Center, Leiden, the Netherlands
5.	 Department of Infectious Diseases, Leiden University, Leiden, the Netherlands
Correspondence: Anita WM Suijkerbuijk (anita.suijkerbuijk@rivm.nl)

Citation style for this article: 
Suijkerbuijk Anita WM, Mangen Marie-Josee J , Haverkate Manon R , Luppino Floriana S , Bantjes Sabine E , Visser Leo G , Swaan Corien M , Ruijs Wilhelmina LM , 
Over Eelco AB . Rabies vaccination strategies in the Netherlands in 2018: a cost evaluation. Euro Surveill. 2020;25(38):pii=1900716. https://doi.org/10.2807/1560-
7917.ES.2020.25.38.1900716

Article submitted on 20 Nov 2019 / accepted on 01 May 2020 / published on 24 Sep 2020

Background: The risk of contracting rabies is low for 
travellers. However, the number of Dutch travellers 
potentially exposed abroad following an animal-asso-
ciated injury and needing post-exposure prophylaxis 
(PEP) has increased, resulting in increased costs. Aim: 
Here, we evaluated the costs and the cost-effective-
ness of different pre- and post-exposure interventions 
in the Netherlands, taking into account the 2018 World 
Health Organization (WHO) recommendations for the 
prevention of rabies. Methods: A decision tree-based 
economic model was constructed. We calculated and 
compared the cost of different WHO pre-exposure 
prophylaxis (PrEP) recommendations, intramuscu-
lar vs intradermal vaccination and PEP subsequent 
to increased vaccination coverage in risk groups. We 
estimated cost-effectiveness, expressed as incremen-
tal costs per rabies immunoglobulin (RIG) administra-
tion averted, using a societal perspective. Statistical 
uncertainty regarding number of travellers and vac-
cination coverage was assessed. Results: Total costs 
at the national level were highest using previous WHO 
recommendations from 2012, estimated at EUR 15.4 
million annually. Intradermal vaccinations in combi-
nation with the current recommendations led to the 
lowest costs, estimated at EUR 10.3 million. Higher 
vaccination uptake resulted in higher overall costs. 
The incremental costs per RIG administration averted 
varied from EUR 21,300-46,800. Conclusions: The 
change in rabies PrEP and PEP recommendations in 
2018 reduced total costs. Strategies with increased 
pre-travel vaccination uptake led to fewer RIG admin-
istrations and fewer vaccinations after exposure but 
also to higher total costs. Although larger scale intra-
dermal administration of rabies vaccine can reduce 
total costs of PrEP and can positively influence vacci-
nation uptake, it remains a costly intervention.

Introduction
Rabies is a preventable infectious zoonotic disease 
that is responsible for annually roughly 59,000 deaths 
worldwide [1]. The majority of human rabies cases 
result from dog bites and following the onset of clinical 
symptoms, the disease is almost always fatal [2]. While 
rabies control heavily depends on prevention of rabies 
in dogs, vaccination of humans is an effective preven-
tive intervention, either before or after exposure to the 
rabies virus [3,4]. Rabies vaccines are highly effective, 
safe and well tolerated [5]. For most travellers, the 
risk of contracting rabies is very low [6,7]. If organised 
access to medical care is available while travelling, 
including access to immediate care and rabies immu-
noglobulin (RIG), travellers may choose not to have 
pre-exposure vaccination (pre-exposure prophylaxis 
(PrEP)) [3]. Pre-travel immunisation is expensive and 
often not covered by health insurance.

An increasing number of Dutch travellers are potentially 
exposed to rabies virus abroad after an animal-associ-
ated incident (AAI) and consult a doctor for post-expo-
sure prophylaxis (PEP) either abroad or after returning 
home. The National Institute for Public Health and the 
Environment (RIVM) receives on a daily basis requests 
for consultations by municipal health services, general 
practitioners, hospital specialists and medical repa-
triation organisations about potential rabies expo-
sure accidents among Dutch travellers abroad or after 
returning home. The number of consultations increased 
from 184 in 2008 to 350 in 2014 and 450 in 2018 [8]. 
Consequently, the overall costs for seeking and receiv-
ing medical treatment after an AAI has increased.

According to the World Health Organization (WHO) 
classification, an AAI with potential exposure to rabies 
virus is defined as a category II or category III injury. 
A category II injury consists of nibbling of uncovered 
skin, minor scratches or abrasions without bleeding, 
while a category III consists of transdermal bites or 
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scratches, contamination of mucous membrane or bro-
ken skin with saliva from animal licks. Depending on 
the category of exposure, PEP consists of extensive 
wound washing, administration of a series of rabies 
vaccines (RV) and RIG [2]. The RV administration var-
ies in time-schedule (Essen vs Zagreb regimen) and 
injection technique (intradermal (ID) vs intramuscular 
(IM)). In this study, we considered the IM RV adminis-
tration of 1 mL vaccine according to the Essen regimen, 
as the gold standard because that is the recommended 
regimen in the Netherlands. In the Netherlands, two 
vaccines are available: Rabipur produced by Glaxo 
Smith Kline (Marburg, Germany) and Rabies Mérieux 
produced by Sanofi Pasteur (Lyon, France). In case of 
a PrEP-naïve individual, not previously immunised but 
otherwise healthy, both exposure categories need the 
administration of RV. In case of a category III exposure, 
RIG is needed in addition. In case PrEP was previously 
given, only a short series of RV needs to be adminis-
tered (Table 1). RIG is an expensive and globally scarce 
product that ideally should be used for those most at 
risk, which is the local population in endemic coun-
tries. Furthermore, an AAI needs a careful and often 
time-consuming assessment. These assessments fre-
quently take place in stressful circumstances, as PEP 
needs to be started as soon as possible, preferably 
within 24 h after the AAI [9].

The current WHO recommendations on PEP treatment 
were presented in 2018 and differed from the previ-
ous recommendations mainly on two points: Firstly, 
the number of needed vaccination doses was lowered 
by one dose for both PrEP and PEP. Secondly, the dose 
of RIG was based on the anatomical localisation of the 
affected area instead of the body weight of the indi-
vidual [10]. Maximum infiltration of RIG into and around 
the wound is effective but the benefit from additional 
IM administration of any remaining RIG based on a per-
son’s body weight at a site distant to the wound may 
be limited [2,11,12]. The amount of administered RIG is 
therefore in almost all cases based on the size of the 
wound. Only the maximum dose of RIG is still assessed 
by body weight. Since the introduction of the current 
recommendations, the amount of RIG is estimated to 
be on average 40% of the quantity that was previously 
required based on body weight [9,10]. Hence, the 2018 
WHO rabies recommendations are expected to have a 
positive effect on the costs of rabies prevention for the 

individual traveller and at national level. A schematic 
overview of the main differences between the 2018 
guidelines and those in place before 2018 is given 
in Table 2.

In the WHO recommendations, rabies vaccinations can 
be administered either IM or ID. One ID dose is 0.1 mL 
of vaccine, leading to an immune response compara-
ble with IM administration but at a considerably lower 
dose, thus saving vaccine and costs [9,13]. A disadvan-
tage is that vaccination staff must be well trained to 
guarantee full ID instillation of the vaccine and to avoid 
accidental subcutaneous injection. In the Netherlands, 
ID administration is used off-label and only practiced 
for PrEP in a few vaccination centres; a two-site ID 
vaccination is given twice. Therefore, in this study, ID 
administration of the vaccine is only considered for 
PrEP rather than as outlined in the former or current 
recommendations.

The current WHO recommendations for rabies PrEP and 
PEP, as implemented in the Netherlands, are expected 
to have a positive effect on the costs of rabies preven-
tion for the individual traveller and at national level. 
The ID vaccination can also contribute to cost reduc-
tion. In the Netherlands, several studies have focused 
on clinical outcomes or on the effect of risk behaviour of 
Dutch travellers on the number of AAI [14,15]. However, 
to our knowledge, an economic study investigating the 
possible cost reduction of different rabies prevention 
approaches is lacking. This study aims to assess the 
costs and the cost-effectiveness of different preven-
tive interventions for rabies, by systematically compar-
ing different strategies: (i) cost-effectiveness reached 
with the implementation of the 2018 WHO recommen-
dations, compared with the recommendations before 
2018, (ii) costs of ID vs IM vaccination and (iii) costs-
effectiveness of an increase in PrEP in Dutch travellers 
in order to avoid extensive PEP regimens.

Methods
We investigated costs of several policy measures for 
rabies in the Netherlands using a decision tree-based 
economic model programmed in MS Excel 2010. With 
this model, costs of different prevention strategies, 
including their effect on subsequent post-exposure 
treatment can be calculated and compared per risk 
group (see chapter Assessment of risk groups), both at 

Table 1
Post-exposure prophylaxis scheme for rabies, the Netherlands, 2018

Category of exposure PrEP PEP
Category I (intact skin) None None

Category II (minor scratches or abrasions without bleeding)
Yes 2 × RV (day 0, 3)
No 4 × RV (day 0, 3, 7, 14–28)

Category III (broken skin; contamination of mucous membrane with saliva)
Yes 2 × RV (day 0, 3)
No 4 × RV (day 0, 3, 7, 14–28) + RIG (day 0)

PEP: post-exposure prophylaxis; PrEP: pre-exposure prophylaxis; RIG: rabies immunoglobulin; RV: rabies vaccination.
Source: [9,10].
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national level and per person vaccinated before travel-
ling. Two time points were included in the model: before 
travelling at the travel clinic when a risk assessment is 
made, and after an AAI when PEP is considered.

Firstly, we assessed the economic impact of the 2018 
PrEP recommendations vs former recommendations, 
both with IM administration of the vaccine. Secondly, 
we compared ID vs IM administration of PrEP (two-
dose administrations). Thirdly, we analysed the effects 
of a 1.5-fold increase in the uptake of PrEP in risk 
groups, using IM administration (two applications). We 
assumed that the increased vaccination uptake would 
happen because of revised recommendations and only 
within the traveller population who obtained a medical 
consultation at Municipal Health Services (MHS), gen-
eral practitioners (GPs) or another travel clinic before 
their journey. No additional campaigns to increase the 
number of travellers requesting a medical consultation 
before their journey were assumed, hence no additional 
campaign costs for the MHS and GPs were included.

PEP with vaccinations is indicated for category II expo-
sures, according to WHO recommendations (Table 1). 
PEP is indicated with vaccine and, for those without 
PrEP, with administration of RIG for category III expo-
sures (Table 1). We estimated cost differences between 
the former and current vaccination policies follow-
ing recommendations of WHO including differences 
in the amount of RIG. In addition, we calculated cost 
implications when implementing ID administration 
of rabies vaccine using the current vaccination policy 
with two doses as comparator strategy. We present 
costs of PrEP for several risk groups of travellers (see 
chapter  Assessment of risk groups), both at national 
level and per vaccinated person. The benefit of higher 
pre-travel vaccination coverage among risk groups is 
the reduced use of RIG and a less extensive vaccina-
tion scheme after possible exposure. We calculated 
the incremental costs per (extra) vaccinated person 
and incremental costs per RIG application averted as 
an indication of the cost-effectiveness of the preven-
tion strategy. A time horizon of 1 year was considered. 
The economic model was employed from a societal 
perspective, including healthcare costs, costs of lost 
holidays and an impact on evacuation and repatriation 
of those travellers possibly exposed, costs that would 
have to be covered by the patients themselves, their 
travel insurance and/or their health insurance.

Assessment of risk groups
In 2017, a case–control study was conducted among 
Dutch travellers to rabies-endemic countries in which 
the various determinants of possible exposure to 
rabies virus were investigated [14]. The following risk 
groups were identified that would be eligible for more 
intensive rabies prevention: (i) men, (ii) travellers 
younger than 35 years and (iii) travellers to south-east-
ern and western Asia as these groups had a higher risk 
of a rabies-associated incident during travel. In addi-
tion, we added (iv) travellers to South America to this 
list as in South America little or no RIG is available for 
travellers in case of AAI so that repatriation or evacua-
tion of unvaccinated patients with a category III wound 
is required [16].

Pre-travel consultations
In the Netherlands, the decision whether rabies vac-
cinations are indicated before and/or after an AAI and 
the actual administration of the vaccinations are pro-
vided by MHS, GP services, some hospital’s outpa-
tient clinics and some commercial vaccination centres. 
The decision-making is based on travel destinations, 
travel duration, accommodations and activities during 
travel and on personal conditions including vaccina-
tion history. For our model, we used data from travel-
lers consulting the MHS Hart voor Brabant and MHS 
Amsterdam between 1 July 2016 and 1 July 2017 (for 
details see Supplement).

Travellers needing post-exposure prophylaxis
The estimated annual number of people who presented 
to a healthcare provider because of an AAI while trav-
elling is provided in Table 3. The number of RIG admin-
istrations that were actually indicated, and provided 
once returned to the Netherlands, was based on the 
registration of RIG therapies by the RIVM in 2017. For 
the number of administered RIG abroad while travel-
ling, figures from Eurocross Assistance (ECA) were 
used (see  Supplement). We extrapolated the mean 
number of RIG administrations abroad (n = 64) in the 
ECA database between 2016 and 2018 to all travellers 
needing RIG abroad, taking into account the market 
share of ECA (30%, total n = 213). For incidents where 
RIG was not indicated, registration data from all Dutch 
MHS were used. ECA also provided the number of inci-
dents requiring only two vaccinations abroad (for trav-
ellers with PrEP). This figure was also extrapolated to 
the Netherlands. To prevent double counting, travellers 
from the ECA registry needing PEP who started their 

Table 2
Rabies vaccination dosage in current and former recommendations, the Netherlands, 2018

Rabies vaccination Current recommendations Former recommendations
PrEP 2 doses 3 doses
PEP (not previously immunised) 4 doses 5 doses
PEP (previously immunised people) 2 doses 2 doses
RIG 2–10 mL with a maximum based on body weight 20/40 IU/kg

IU: international units; PEP: post-exposure prophylaxis; PrEP: pre-exposure prophylaxis; RIG: rabies immunoglobulin.
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regimen abroad with a full series of four vaccinations 
but further completed their vaccinations at MHS in the 
Netherlands were not taken into account.

Costs
Estimated costs were determined for both PrEP and 
PEP courses, including costs for the vaccine and RIG, 
administration costs, management costs for handling 
PEP, costs of lost holidays and costs involved in mov-
ing the involved subjects from one facility to another 
in case the required treatment needed was not avail-
able (Table 4). For the administration of RIG some 
cases needed repatriation to the Netherlands, other 
cases needed evacuation to another country abroad, 
for example to a neighbouring country. Hospitalisation 
costs were not included as an AAI generally does not 
lead to further treatment and care in a hospital. All 
costs were indexed to Euros 2017 using Dutch con-
sumer price indexes (www.cbs.nl). Detailed informa-
tion about costs is provided in the Supplement.

Cost-effectiveness
We calculated the incremental cost-effectiveness ratio 
(ICER) per (extra) person vaccinated before travelling 
and the ICER per RIG administration averted as an indi-
cation of the cost-effectiveness of the prevention strat-
egy. That means that we divided the difference in total 
costs by the difference in persons vaccinated before 
travelling and we divided the difference in total costs 
by the difference in RIG administrations.

Sensitivity analysis
Statistical uncertainty with respect to the number of 
travellers to certain regions and to vaccination cover-
age estimates was considered using the Monte Carlo 
simulation technique and the add-in software Palisade 
@Risk 7.5 in which we sampled 10,000 random values 
from input distributions. All other variables were con-
sidered fixed by using average resource utilisation and 
fixed unit cost prices. Results are presented as means 
with 95% uncertainty intervals.

Results
Table 5 shows the costs of PrEP and PEP according to the 
former and current recommendations, and if vaccina-
tions would be administered ID. In all these situations, 

we considered the current vaccination uptake in com-
bination with the existing number of rabies-associated 
incidents. The number of visitors to a vaccination 
centre before travel to a rabies-endemic country was 
353,100, of whom 37,300 persons were vaccinated dur-
ing the visit. Among vaccinated travellers, the number 
of AAI was 322. Among the 1,078 unvaccinated trav-
ellers having an AAI, 665 persons did not receive RIG 
because of (i) a category II injury, (ii) a category III 
injury where it was too late for the RIG administration 
for instance because RIG was not available (RIG has 
to be given within 7 days after start of PEP vaccination 
series) or (iii) a category III injury inflicted by monkeys. 
Among 953 unvaccinated travellers having an AAI with 
a category III injury, 413 persons received RIG. Costs 
were highest following the former recommendations, 
estimated at EUR 15.4 million annually for the Dutch 
society (EUR 411 per vaccinated person). Overall costs 
were lowest when ID vaccinations were administered, 
estimated at EUR 10.3 million per year (EUR 275 per vac-
cinated person). Of all persons needing RIG, 9.5% had 
repatriation costs and 7.4% had evacuation costs.

Results of increasing the vaccination coverage with 
150% in the identified risk groups are presented 
in Table 6 and Table S3 in the Supplement. The largest 
risk group were people younger than 35 years, followed 
by people travelling to south-eastern and western Asia. 
In all risk groups, a higher vaccination uptake led to 
higher overall costs, despite a decline in management 
and vaccination costs of possible rabies exposure inci-
dents, and avoided annually between 4 and 60 cases 
requiring RIG. The costs per averted RIG administration 
varied from EUR 21,300 to EUR 46,800. The ICER per 
additional person vaccinated before travelling varied 
between EUR 98 and EUR 105 per additional vacci-
nated person. This is also illustrated in Supplementary 
Figures S1 and S2.

Discussion
This cost evaluation showed that the current WHO 
rabies PrEP and PEP recommendations, as imple-
mented in 2018 in the Netherlands, were associated 
with a substantial reduction (16%) in societal costs. An 
additional cost reduction (33%) could be achieved by 
offering ID vaccination on a large(r) scale. Increased 

Table 3
Annual number of people possibly exposed to rabies virus, the Netherlands, 2016–2018 (n = 1,400)

Type of PEP n PrEP Percentages
Category III injury needing RIG and full series of vaccinationsa 413 No 29.5%
Category III injury, no RIG indicationb, full series of vaccinationsa 540 No 38.6%
Category III injury needing two vaccinations 285 Yes 20.3%
Category II injury needing full series of vaccinationsa 125 No 8.9%
Category II injury needing two vaccinations 37 Yes 2.7%
Total 1,400 NA 100%

NA: not applicable; PEP: post-exposure prophylaxis; PrEP: pre-exposure prophylaxis; RIG: rabies immunoglobulin.
a Persons without PrEP, using current recommendations: four vaccinations; using former recommendations: five vaccinations.
b >7 days after start of PEP vaccination series RIG is not indicated anymore and according to Dutch guidelines, RIG is not indicated for injuries 

inflicted by monkeys.
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use of ID administration requires proper planning of 
the number of travellers who need a rabies vaccination 
in order to avoid wasting vaccine. Therefore, ID admin-
istration would not lead to vaccine savings if there are 
only a few cases. A hypothetical increased vaccina-
tion uptake in the defined risk groups would lead to 
higher overall costs, despite the smaller number of RIG 
administrations and a reduced number of vaccinations 
after an AAI. Even though the costs of RIG administra-
tion according to the new recommendations were lower 
(currently EUR 800 instead of the former EUR 2,000 
in the Netherlands), total costs were higher because 
of higher costs of PrEP when assuming a higher num-
ber of travellers vaccinated before travelling. As the 
incidence of AAI in travellers to endemic countries is 
low, increasing the vaccination uptake is a costly inter-
vention with an ICER varying from EUR 21,300 to EUR 
46,800 per avoided RIG administration. These results 
are not only relevant for the Netherlands but also for 
other European countries with a similar healthcare sys-
tem. The risks of contracting rabies are comparable for 
travellers from other countries and the costs of pre-
venting rabies will also be similar.

Our results are in line with a previous modelling 
study by Hampson et al. [17]. In that study, WHO 

recommendations for use of human rabies vaccines 
were modelled to inform prophylaxis regimens to pre-
vent human rabies. The ID vaccination regimen was rec-
ommended as it is less costly and treats more patients 
when vaccine is in short supply. In a cost evaluation of 
Le Guerrier et al. it was found that PrEP given routinely 
to Canadian travellers heading for rabies-endemic 
regions was far too costly and therefore not indicated 
[18], in contrast to people living in endemic countries, 
where routine PrEP vaccination programmes can be an 
efficient use of resources [19]. The Strategic Advisory 
Group of Experts on Immunization (SAGE) committee 
stated that PrEP, as a large scale public health inter-
vention, is not cost-effective and would have accepta-
ble costs only in areas where RIG is rarely administered 
and the dog bite incidence exceeds 6% [2]. PrEP can 
play a valuable role in protecting high-risk populations 
in remote areas, especially where the risk of bat rabies 
is not easily controlled [9]. Kessels et al. systematically 
reviewed cost-effectiveness of national programmes 
implementing PrEP for high-risk populations in remote 
settings [20].

This study has several strengths and limitations. 
One of the strong points was the use of model input 
data from different MPH and a recently conducted 

Table 4
Costs for rabies PrEP and PEP in Euros, the Netherlands

Costs before travelling MHS cost in 
Euros GP cost in Euros Source

First consultation (per person) 13.10 67.56 Own calculations based on surveya

Follow up consultation (per person) 5.45 16.89 Own calculations based on surveya

Vaccine costs per IM administration 51.64 51.64 [31]
Vaccine costs per ID administration 6.81b NA Own calculations based on surveya

Delivery fee for pharmacy (first time) NA 14 [32]
Delivery fee for pharmacy (second time and further) NA 7 [32]

Vaccination card 4.09 4 Mean price found on travel clinic 
websites [33,34]

Costs after animal-associated incident Costs Source
Management MHS for persons needing RIG 276 Own calculations based on surveya

Management RIVM for persons needing RIG 371 Own calculations based on surveya

Transportation RIG 125 Mean costs, retrieved from RIVM

RIG old recommendations (new recommendations), 
administered in the Netherlands 2,000 (800)

Own calculations (2 mL = EUR 375) 
 

(smaller dose)
RIG, administered abroad 2,731 Mean costs per case, ECA
Administration RIG 31.76 Own calculations based on surveya

Management MHS for persons not needing RIG 98.64 Own calculations based on surveya

Vaccine 51.64 [31] per dose
Administration vaccination 7.63 Own calculations based on surveya

Mean repatriation costs 1,650 Costs per case, ECAc

Mean evacuation costs 1,844 Costs per case, ECAd

ECA: Eurocross Assistance; GP: general practitioner; ID: intradermal administration; IM: intramuscular administration; MHS: Municipal Health 
Service; NA: not applicable; PEP: post-exposure prophylaxis; PrEP: pre-exposure prophylaxis; RIG: rabies immunoglobulin; RIVM: National 
Institute for Public Health and the Environment.

All costs are expressed in Euros 2017.
a For details see Supplement (time costs of medical personnel including overhead expenses).
b The two-site ID regimen is included, therefore four doses in total.
c 9.5% of all persons needing RIG have repatriation costs.
d 7.4% of all persons needing RIG have evacuation costs.
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case–control study. The first limitation concerns the 
period of data collection, during which the old vacci-
nation recommendations still applied. It is plausible 
that the vaccination uptake will go up as the number 
of necessary doses and consequently the costs and 
efforts for the traveller decrease. Secondly, because of 
data restrictions, the model contained a time horizon 
of only 1 year while vaccination offers lifelong immuno-
logical memory, thereby underestimating the benefits 
of improved vaccination coverage, which accumulates 
with every next trip to a rabies-endemic region. At pre-
sent, decisions to vaccinate before travelling are typi-
cally made on the basis of an individual risk–benefit 
assessment and individual willingness to pay for the 
vaccine [21]. If future travel is incorporated into the 
considerations of risk exposure, the decision regarding 
vaccination might change. Finally, we did not include in 
our model costs for medical assistance organisations 
and costs for increasing the vaccination uptake among 
risk groups such as campaign costs, thereby underes-
timating total costs.

PrEP is indicated for individuals who face occupational 
and/or travel-related exposures to rabies virus in spe-
cific settings or over an extended period of time [9]. 
Many travellers are not aware of the health risks dur-
ing their travel. Lammert et al. evaluated a large cohort 
of international travellers who obtained a pre-travel 
health consultation at clinics in the United States that 
provide health advice for international travellers [22]. 
They found that a large part (28%) of travellers who 
sought pre-travel health advice rejected some of the 
recommended vaccinations. A lack of concern about 
the associated illnesses was the most frequently men-
tioned reason to refuse the vaccines. More specifically, 
Marano et al. assessed rabies risk perception among 
individuals who travelled to rabies-endemic countries 
[23]. Within the subsample of travellers at higher risk 
for rabies, a large part (83%) was aware of the basic 

characteristics of rabies. However, only 8% reported 
receiving PrEP vaccination within the past 3 years. On 
addition, vaccination costs and a short time period 
until travel proved to be barriers for rabies vaccination 
[15]. Therefore, additional effective education about 
rabies risks seems necessary for high-risk groups.

Other preventive measures to be taken in endemic 
countries such as One Health approaches have proven 
(cost-)effective in controlling rabies in different areas 
of the world [24,25]. For example, an economic evalu-
ation performed in rural India indicated that a combi-
nation of a dog vaccination campaign, sterilisation of 
free-roaming dogs and PEP in humans after dog bites is 
likely to provide the optimal scenario for cost-effective 
prevention of human rabies [26]. In Chad, besides mass 
dog vaccination, improved communication between 
human health and veterinary workers was imperative 
to prevent human rabies deaths through the appropri-
ate use of PEP [27]. Also in Tanzania, integrated control 
programmes proved to be cost-effective [28]. In the 
first place, these measures contribute to protection of 
the local population and have also positive externali-
ties (are beneficial) for (international) travellers.

There is some evidence that vaccination schemes 
can be further simplified, as Jonker and Visser found 
promising results that vaccinating with a single dose 
was already sufficient to induce an adequate anam-
nestic antibody response in all subjects, at least for 
1 year [29]. However, a single PrEP vaccination is only 
viable if additional scientific evidence on efficacy 
of this reduced PrEP scheme becomes available. In 
Europe, rabies is a very rare infectious disease and it 
is almost always associated with travel to an endemic 
country [30]. It remains important to inform the pub-
lic, especially those travelling to endemic areas, about 
the risk of contracting rabies and to consider PrEP for 
those with increased risk. This study revealed that 

Table 5
Annual costs of rabies PrEP and PEP using different regimens, assuming no change in vaccination uptake, the Netherlands, 
2018

Former recommendations IM Current recommendations IM ID
National costs for prevention (before travel) in EUR
Consultation 7,050,700 6,807,800 6,807,800
Vaccination 5,878,700 3,927,200 1,353,100
Total (before travel) 12,929,400 10,735,000 8,160,900
National costs for prevention after an AAI in EUR
Vaccinations and RIG 1,401,300 1,086,400 1,086,400
Consultation and coordination 480,900 480,900 480,900
Repatriation 64,800 64,800 64,800
Evacuation 56,400 56,400 56,400
Lost holidays 423,000 423,000 423,000
Total (after potential exposure) in EUR 2,426,400 2,111,500 2,111,500
Grand total (national costs) in EUR 15,355,800 12,846,500 10,272,400
Costs in EUR per person vaccinated before travel 411 336 275

ID: intradermal administration; IM: intramuscular administration; PEP: post-exposure prophylaxis; PrEP: pre-exposure prophylaxis; RIG: 
rabies immunoglobulin.
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rabies-associated incidents are a cause of concern 
during travel. It involves many resources and costs 
for local professionals and healthcare providers in 
the home country, often in tense situations. Increased 
uptake of PrEP in travellers is accompanied by higher 
cost. The ID administration of rabies vaccination can 
reduce total costs of PrEP, positively influencing the 
vaccination uptake.
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