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Chapter 1
Introduction
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increasing travel

A depiction of 24 hours of air traffi  c throughout the globe (Figure 1) illustrates the 
magnitude and velocity of modern air travel. Continuous economic and medical devel-
opments lower the threshold for travel, predominantly for those living in affl  uent coun-
tries, importantly also for those with (chronic) medical conditions.  Since the historic 
milestone in 2012 of 1 billion people travelling the world in one year, the United Nations 
World Tourism Organization [1] statistics have shown a stable increase in travel in 2013 
and 2014. In 2014, 1.138 billion people travelled the world for tourism, and an annual 3.8% 
growth is anticipated up to 2020 [1]. If this trend persists, the number of travellers will 
double in less than 20 years. 

travel-related diseases

Travel and the corollary change of environment poses travellers a risk of health prob-
lems, specifi cally when travelling from affl  uent to developing countries. Risks depend 
on the type, time, destination and duration of travel, risk behaviour, and susceptibility of 
the host [3]. Every year, up to 50% of travellers to developing countries will experience 
some health problems during their trip, of which 8% will be ill enough to seek medical 
attention [4-6]. The most frequently reported complaints are systemic febrile illness, 
often as a result of malaria (19-23%), and acute diarrhoea (15-22%) [7, 8]. Other frequently 
contracted diseases are, in decreasing order of frequency: infl uenza, dengue, hepatitis A 
and typhoid fever [9]. Rare but more severe diseases are yellow fever and rabies [10, 11]. 
The highest morbidity rates for travellers are a consequence of cardiovascular incidents 
(50%) and road accidents (25%) [12-14]. Infectious diseases only cause 1-4% of deaths 
from international travel [12, 13].

figure 1. Twenty-four hours of air travel, adapted from Flightglobal (2). Yellow dots represent airplane 
travel.
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The importance of disease prevention was recognised as early as 500 AD by Hippocrates 
of Cos, who stated that “prevention is better than cure.” Preventive measures can be 
categorized into three groups: preventive behaviour, vaccinations and prophylactic 
medication. Guidelines for counselling and education have been formulated to minimize 
the risk of travel-related health problems by governmental, academic and commercial 
institutions [3]. In the Netherlands, the Dutch Coordination Centre for Travel Advice, 
established in 1996, provides up-to-date guidelines, which are accepted nationally as 
reference standard [15]. Most travellers consult several information sources for travel ad-
vice, most frequently the Internet (36-43%), followed by travel clinics (30-38%), general 
practitioners (20-38%) and guidebooks (10-40%) [16, 17]. During pre-travel consultations, 
which are ideally one-to-one discussions, the advice is tailored to the individual traveller 
and his or her itinerary. 

travel medicine as a sPecialty

Pre-travel guidelines have developed over time. Forty years ago, travel medicine, or “em-
poriatrics,” did not exist as a specialty. Tropical institutes did exist at that time as a result 
of a legacy of colonialism. However, these institutes focused on the local population 
in the colonies, not on travellers. Individual companies that deployed workers abroad 
used to have protocols for pre- and post-travel screening, but national and international 
guidelines were established later over time.
In 1952, the World Health Organization (WHO) introduced the first International Sanitary 
Regulations (currently International Health Regulations) with immunization require-
ments for international travellers. These aimed to control the spread of infectious 
diseases [18]. The regulations included requirements of valid immunizations against 
smallpox (valid for three years) for travel to most countries, yellow fever (valid for four 
years) and cholera (valid for six months). On the immunization certificate, there was 
space reserved for documentation of non-required vaccines, such as typhus, typhoid-
paratyphoid, plague and tetanus.

Over time, travel medicine developed as a specialty and guidelines for travellers became 
ever more comprehensive. Several reasons account for this.
First, demand for advice increased as a result of the increasing number of travellers and 
the concomitant increase of imported diseases [7]. Second, with modern times came 
increasing wealth, making preventive measures more affordable. Third, with 80% of 
all scientists who have ever lived being alive today, technological developments have 
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flourished. Epidemiological studies have further defined risk areas for acquiring travel-
related diseases, specifically malaria and diarrhoea [19, 20]. Since the advent of vaccine 
development, incredible progress has been made. Vaccinations against new diseases 
appeared on the market and the eradication of smallpox in 1980 [21] was a pinnacle of 
success for mass vaccination strategies. To date, poliomyelitis is also close to eradica-
tion, but challenges remain, such as control of measles [22, 23]. Immunological, clinical 
and epidemiological studies have provided insight into vaccine efficacy, the duration of 
induced protection and more efficient administration schedules [24, 25]. 

The recognition of other means of disease prevention than vaccination alone resulted 
in the important development of protocols discussing risk behaviour, such as hygienic 
measures to prevent travellers from getting diarrhoea, safe-sex practices or prevention 
of altitude sickness. Access to medical and epidemiologic information has become 
easier that ever and has made aspiring travellers more aware of risks and risk-reducing 
measures. 

Finally, various categories of travellers, each with specific travel and risk profiles have 
been identified, on which we will elaborate in the next paragraph. 

Travel medicine is continuously evolving, and new developments will further complete 
the package of advice and preventive measures for each traveller. 

However, implementing established guidelines remains a challenge. Practical difficul-
ties, such as the difficulty of reaching populations that do not attend a travel clinic, can 
jeopardize the use of recommendations. For those who do attend the clinic, barriers 
for using preventive measures can be high costs, complicated and lengthy vaccination 
schemes, or concerns about the effectiveness or adverse events of vaccinations or (pro-
phylactic) medication. 

sPecific needs for different grouPs of travellers

Business travellers, long-term/frequent travellers and travellers born in resource-poor 
countries who return to visit friends or family (VFRs) all have specific risks during travel. 
The last group may not present at the travel clinic as frequently as tourist travellers 
because of a lower risk perception and fewer financial means [26, 27]. 

The traveller’s immune status is particularly relevant to immunizations and disease 
severity. Individual recommendations are needed for people at increased risk of infec-
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tious diseases, such as the young, elderly, those with chronic medical conditions and 
pregnant women. The immune-compromised traveller deserves specific attention. 
Severe immune disorders can result from HIV infection (with CD4-cell counts below 200 
cells/mm3), haematologic malignancies, graft versus host disease, innate immunodefi-
ciency, and the use of immunosuppressive drugs or chemotherapy [28]. The efficacy/
effectiveness of vaccinations in these populations is largely unknown, particularly in 
relation to immunosuppressive drugs that are new to the market. Vaccines comprising 
live attenuated viruses are contraindicated due to a potentially increased risk of severe 
adverse events [29-31]. 

scoPe of the research Projects

Travel medicine as a specialty encompasses epidemiologic, immunologic, clinical and 
behavioural aspects. The spectrum of different conditions that travellers can contract 
is broad, and scientific challenges differ depending on specific diseases and popula-
tions. Ideally, pre-travel guidelines are evidence-based and regularly updated based on 
continuing research findings. The binding element of this thesis is the improvement of 
pre-travel healthcare, and the chapters are based on questions that arose from clinical 
practice. The thesis focuses on prevention of four specific diseases; malaria, hepatitis A, 
yellow fever and rabies. 

malaria

Prevention among those visiting friends and relatives

Malaria tropica (caused by Plasmodium falciparum) remains one of the most important 
life-threatening conditions worldwide and is endemic in tropical regions (Figure 2A). The 
disease is mosquito-borne, and prevention comprises chemoprophylaxis and minimiz-
ing mosquito bites through the use of bed nets and mosquito repellents.

In industrialized countries, infections are reported among travellers returning from 
endemic areas. The heaviest burden lies in West Africa, reflected by the fact that 42%-
68% of imported infections worldwide are acquired here [20, 32, 33]. In the Netherlands, 
between 166 and 244 malaria cases have been reported annually from 2009-2013 [34], of 
which 50-70 (20-42%) are diagnosed at the Center of Tropical and Travel Medicine based 
at the Academic Medical Center Amsterdam, the majority (~75%) being P. falciparum. 
Travellers to Ghana contributed to most (23%) of the imported malaria diagnoses in 
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these fi ve years, followed by Nigeria (14%), the Gambia (7%), Guinea (5%) and Uganda 
(4%).

Many travellers who visit African countries are people visiting friends and relatives 
(VFRs). These travellers are less likely to seek pre-travel health advice and have a ten-
dency to apply preventive measures less frequently compared to travellers with other 
travel purposes, such as tourism [26, 27, 35, 36]. Therefore, they are at increased risk of 
contracting malaria [26, 35, 37-39]. In order to improve uptake of preventive measures, 
it is necessary to assess inhibiting factors. In this context, previous studies concluded 
that use of prophylactic measures was associated with basic knowledge, accurate risk 
perception and a positive attitude toward using prophylactic measures [36, 40-43, 44]; 
however other behavioural determinants and how to infl uence them require further 
attention. 

A. Malaria, countries or areas at risk   

D. Rabies, countries or areas at risk 

C. Yellow fever, countries or areas at risk   

B. Hepatitis A, countries or areas at risk 

figure 2. A. Malaria prophylaxis recommendations, adapted from LCR (67); B. Hepatitis A vaccination rec-
ommendations, adapted from WHO (68); C. Yellow fever vaccination recommendations, adapted from LCR 
(69); D. Rabies vaccination recommendations, adapted from WHO (70). 
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vaccination in immune-compromised patients

Despite a decline of incidence of hepatitis A infections, the disease remains one of the 
most frequently acquired vaccine-preventable diseases worldwide, with around three 
to 14 infections per 100,000 travel months from low-risk to high-risk areas [9, 45, 46]. The 
disease is endemic in most developing countries (Figure 2B). It is transmitted through di-
rect person-to-person contact (fecal–oral route), through consumption of contaminated 
water or shellfish, or through the consumption or handling of contaminated uncooked 
fruits and vegetables. Effective vaccines have been available since 1992, offering protec-
tion against all strains of the virus [47]. The immune response to the vaccine can easily 
be monitored through IgG antibody measurements. In healthy people, high protective 
antibody titres  (>99%) are reported after two vaccinations with a time interval of ≥ 6 
months between the first and second vaccination [48-50].

However, in immune-compromised patients, this response may be hampered. In HIV-
positive patients, the immune response was shown to be increasingly impaired as CD4 
counts declined [51]. To date, vaccine efficacy studies in patients who use immunosup-
pressive medication or who are otherwise immune-compromised are scarce and hetero-
geneous. Investigation of the immune response could improve daily clinical practice, for 
example with regard to the duration of protection. Also, on a more fundamental level, 
it could provide insight into the host immune response when impaired through various 
immunosuppressive drugs, and therefore, various immunologic pathways.

yellow fever

vaccination efficacy in immune-compromised patients and duration of 
effectiveness in healthy individuals 

Yellow fever (YF) is transmitted through mosquito bites and risks of acquiring an in-
fection during a two-week stay in endemic countries range from 50/100,000 in West 
Africa to 5/100,000 in South America [52] (Figure 2C). It causes febrile disease that, if left 
untreated, can result in multi-organ failure with a case fatality rate of up to 50% [10]. 
Currently, no curative treatment is available. However, since the development of the 
17-D YF vaccine, effective prevention has become available for people living in endemic 
areas and for those traveling to these regions [10]. The vaccination falls under the Inter-
national Health Regulations [15]. Each country can set its own vaccination requirements 
for foreigners who enter the country. It is known that the vaccine induces production of 
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neutralizing antibodies in 91-100% of healthy vaccinated individuals within 28 days of 
vaccination [10, 53]. 

In immune-compromised individuals, the vaccine is contraindicated because of a 
presumed increased risk of severe adverse events (vaccine-associated neurotropic and 
viscerotropic disease), possibly due to viral replication [29-31]. A second consequence 
of vaccinating immune-compromised individuals may be a suboptimal immunologic 
response. In HIV-positive patients, the vaccine can be safely administered at CD4 counts 
above 200 mm/mm3, both lower CD4 counts and higher viral loads were associated 
with lower post-vaccination antibody titres that declined more rapidly [54, 55]. Despite 
contra-indications, occasional vaccination of patients using immunosuppressive drugs 
does occur. Monitoring the immune response in this population is useful to assess risk 
factors for non-response, and also to compare the severity of immune suppression 
between various immunosuppressive regimens.

Current vaccination protocols advise a booster vaccination every 10 years for healthy in-
dividuals. However, in May 2012, the Strategic Advisory Group of Experts [56] of the WHO 
proposed that revaccination every 10 years is not necessary, since lifelong immunity is 
induced with one vaccination [55, 56]. This change of view has elicited debate because 
the evidence on which the advice is based has several limitations [57, 58]. First, protective 
titres of neutralizing antibodies (nAbs) were found in 70-100% of vaccinated individuals 
10 to 38 years after vaccination [53, 56]. This is a wide range of time since vaccination 
and of protection rates. Moreover, the interpretation of these data is problematic, since 
no standardized antibody tests were used, and studies included only small numbers 
of individuals (n=17-149 in each study). The optimal outcome measure for vaccination 
efficacy is the incidence of YF infections in vaccinated individuals. From 1942 until 2012, 
12 cases of vaccine failure have been reported in vaccinated returning travellers [53]. 
The fact that the rate of vaccine failures did not correlate with increasing time since 
vaccination was used as an argument in favour of lifelong protection [53]. However, this 
number of vaccine failures was too small to draw firm conclusions regarding long-term 
protection without booster. Further immunological research in individuals vaccinated 
more than 10 years ago is required to assess whether the booster vaccination can indeed 
be postponed. At the AMC Travel Clinic, many such individuals can be found and asked 
to participate in this research.
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risks for specific groups

Rabies has the highest prevalence in rural parts of Africa and Asia [59, 60] (Figure 2D). It is 
a zoonotic viral disease that causes a form of encephalitis that is almost invariably fatal. 
For humans, dogs are the main source of infection [58, 59]. In developed countries, rabies 
mainly occurs among travellers returning from endemic areas. It is not uncommon for 
travellers to experience a bite or scratch from a potentially rabid animal; a one-month 
stay in Southern Asia, Southeast Asia, Central America, South America or Africa is associ-
ated with 0.4% chance of experiencing an animal-associated incident (AAI) [61]. 

Those who never received pre-exposure prophylaxis (PrEP) in the form of rabies vac-
cinations need expensive rabies immunoglobulin and five booster vaccinations after a 
transcutaneous AAI.
Individuals who received PrEP have immunologic memory that can be activated quickly 
with post-exposure booster vaccinations (PEP). These persons do not need rabies im-
mune globulin after experiencing an AAI, but only need two booster doses of rabies 
vaccine [62].

Pre-exposure vaccination schedules are expensive and lengthy. Therefore, it would be 
beneficial to specify those at risk of an AAI during a pre-travel advisory consult. Previous 
studies defined travel to (Southeast) Asia, age below 15 years, and tourist or VFR travel 
as risk factors for AAIs [63-66]. However, to date, these factors were only investigated 
in descriptive studies of returning travellers, without inclusion of a control group. The 
studies may therefore be biased as a result of frequent travel to certain areas. In order to 
increase uptake of rabies PrEP, it is necessary to include a control group of all departing 
travellers. Moreover, it is important to investigate possibilities of minimizing costs and 
the duration of PrEP schedules. 

research setting

The travel clinic within the Center of Tropical and Travel Medicine at the Academic Medi-
cal Center in Amsterdam is one of the largest travel clinics in the Netherlands. Annually, 
currently around 13,000 travellers receive pre-travel advice and vaccinations. The clinic is 
located in Southeast Amsterdam, which is populated by people of various ethnic back-
grounds, many of whom visit their country of origin as visitors of friends and relatives 
(VFRs).
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research aims

•	 To describe the current pre-travel practices of a large Dutch travel clinic and identify 
groups at risk. 

•	 To identify behavioural determinants that can be influenced to improve uptake of 
malaria chemoprophylaxis among VFRs.

•	 To investigate the immune response against hepatitis A and yellow fever vaccina-
tions in immune-compromised patients. 

•	 To investigate the immune response to the yellow fever vaccination in healthy 
people and to assess whether the 10-year booster vaccine is required.

•	 To investigate which travellers are at risk of rabies and should be advised to be vac-
cinated.

outline of this thesis

The study setting is described in Chapter 2. During one year, demographic and travel-
related data of travellers who consulted the travel clinic of the Academic Medical Center 
were collected, and possible improvements regarding preventive strategies are outlined. 

Not all travellers attend a travel clinic. In Chapter 3, VFR’s knowledge of attitudes and 
practices toward malaria at Schiphol Airport (Amsterdam) was investigated in order 
to find behavioural determinants that can be influenced to increase uptake of malaria 
prophylaxis.

In Chapter 4, the immune response against the hepatitis A vaccination, and in Chapter 5 
against the yellow fever vaccination, is investigated in immune-compromised individu-
als. 

It is important to use reliable tests for measuring antibodies in those vaccinated. In 
Chapter 6, two different tests of measuring antibodies are compared: the Immune 
Fluorescence Assay, which is less expensive and easy-to-use, and the Plaque Reduction 
Neutralization Test, which is the current gold standard.

In Chapter 7, the proposition of the WHO’s SAGE regarding booster vaccinations is ques-
tioned. In Chapter 8, the antibodies and cellular responses long after vaccination are 
measured in order to assess whether the revaccination term could be prolonged.
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In Chapter 9, it is assessed which travellers are at risk of animal-associated injuries. 
Lowering costs of vaccination through more effective low-dose administration could 
improve vaccination coverage. In Chapter 10, various shortened intradermal vaccination 
schedules that could be useful in increasing vaccine uptake are reviewed. 

In the discussion, Chapter 11, it is discussed what these studies have taught us and how 
they could be useful for improving pre-travel guidelines. Moreover, our ideas on the way 
forward in travel medicine are depicted here, taking new developments into account.
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