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The theme in all studies presented here is risk reduction for travellers. Overall, risks for 
infectious diseases are relatively small. The fact that the overall risk of dying from an 
infectious disease is 25 times lower than the risk of dying from a traffic accident puts this 
into perspective [1]. Preventing travel-related diseases is expensive: costs for prevent-
ing one case of typhoid ranged from $100,000-$300,000 USD; preventing one case of 
Japanese encephalitis costs $4 million, and preventing one case of cholera costs $5-
$29 million [2-6]. However, travellers appear willing to pay for vaccines in spite of the 
minimal risks. Critics might debate whether it is necessary to rule out risks and spend 
research money on this topic.

One way of increasing cost-effectiveness is by focusing on diseases that are highly 
prevalent, such as hepatitis A. A study from the Netherlands did show that cost-effective 
choices can be made regarding hepatitis A if frequency of travel, likelihood of prior im-
munity and the type of vaccine are taken into consideration [7].

Another way to set up cost-effective preventive strategies is to focus on those travel-
ers who are at highest risk of morbidity and mortality during travel. For this reason, we 
focused on known vulnerable populations or aimed to identify travelers who were at 
risk, such as immune-compromised patients, people visiting friends or relatives (also 
called VFR’s), or those at risk of animal-associated incidents. 

Financial resources required for appropriate pre-travel preparations and for research are 
not globally available. Hopefully, knowledge acquired from the described studies can 
be of benefit not only for Dutch travellers, but also for those living in countries with 
fewer resources. An example is scientific evidence on the effectiveness of vaccinatins. 
Cooperation between various research centers and also with vaccine producers would 
strengthen existing scientific evidence in this respect. 

In this discussion, results from previous chapters, as well as an outlook on future use and 
possible changes will be discussed in the context of cost-effective risk reduction.

adherence to guidelines

In Chapter 2, we described one year of data of pre-travel attendees to the AMC Center 
of Tropical Medicine and Travel Medicine. We found that there is room for improvement 
among VFRs in protection against malaria, among immune-compromised patients in 
protection against hepatitis A and yellow fever, and in the overall population in protec-
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tion against rabies. Generally though, recommended vaccinations and prophylaxis were 
adequately provided. 

The fact that adherence to existing guidelines is generally good means that uniform 
travel advice is provided at our travel clinic. One could however argue about whether 
such uniformity actually results in the best travel advice for the individual traveller, for 
example advice regarding whether or not to use malaria chemoprophylaxis in certain 
circumstances. 

Uniformity in travel advice could also be a danger, especially in vulnerable popula-
tions, for example immune-compromised patients. An important question, therefore, 
is whether travel advice should be tailor-made to some extent in healthy travellers and 
whether advice should be even more individualized and, when possible, adjusted ac-
cording to the wishes and needs of travellers in risk groups. 

The age-old debate about the potential harmful effects of malaria chemoprophylaxis, 
which flares up regularly in the media, such as on the Dutch consumer TV show ‘Radar’ 
in 2011 [8], is an illustration of public opinion dissenting from national guidelines.

Malaria chemoprophylaxis is generously prescribed for all travellers who visit malaria 
endemic areas longer than two days. In the media and literature, reports about not only 
physical, but also psychological side effects regularly gain attention. Some studies have 
confirmed these side effects [9-11]. However, the weighing of risks of adverse effects 
over the risk of malaria has thus far resulted in continuous prescription of tablets for all 
in the Netherlands [12-14]. In low-endemic areas where the risk of adverse reactions to 
malaria chemoprophylaxis outweighs the risk of malaria infection [15], one could debate 
whether the advice to visit a healthcare center in case of fever to test for (and if needed, 
treat) malaria is preferable.

‘Standby emergency treatment’ (SBET), which has been in use in German-speaking 
countries for over a decade, could also be considered in Dutch guidelines [16]. SBET is 
likely to be used in only 1% of travellers, suggesting that overuse is not a risk factor 
[17-19]. 
Finally, should VFR travellers who have just moved to non-malaria-endemic countries 
and probably still have immunity [20] be burdened with expensive chemoprophylaxis if 
they revisit their home country?

Despite the fact that guidelines are adhered to, which should be appreciated, healthcare 
practitioners should also be aware of their influence on the decisions of travellers and 
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perhaps engage in a dialogue with travellers to assess individual preferences concern-
ing preventive measures. 

The high percentage of VFR travellers who had received malaria chemoprophylaxis in 
our clinic could be an overestimation due to selection bias. Therefore, we investigated 
the use of chemoprophylaxis among all departing travellers and factors influencing it at 
Amsterdam’s Schiphol Airport in Chapter 3.

vfrs and barriers to Pre-travel advice

In Chapter 3, we investigated knowledge, use and practices of VFRs with regard to 
malaria chemoprophylaxis at Schiphol Airport, Amsterdam. We found that 53.9% of VFR 
travellers at Schiphol Airport had started malaria chemoprophylaxis (60.4% had bought 
it), which is in stark contrast with the 75.7% of VFRs who had bought chemoprophylaxis 
at our travel clinic (Chapter 2). We also found a positive correlation between attendance 
of travel clinics and use of malaria chemoprophylaxis, confirming previous findings [21-
23]. Increase in attendance at specific risk groups to a travel clinic might be a first step 
in improving uptake of malaria prophylaxis advice. During pre-travel consultations, the 
fact that malaria chemoprophylaxis is easy to use and effective against malaria should 
be emphasized, specifically to business travellers, young travellers and those travelling 
for longer periods. 

The question of whether prescribed drugs are actually used by VFRs has been answered 
in a recent study, showing that a visit to a travel clinic was associated with a lower in-
cidence of malaria for all visitors, including VFRs [24]. Encouragement of attendance of 
family members and friends of those who do attend the clinic could possibly increase 
use during travel, specifically for those travelling for longer periods, young travellers and 
those travelling for business, as they were least likely to use preventive measures against 
malaria [22, 23]. 

hePatitis a vaccination resPonses in immune-comPromised 
travellers 

Chapter 4 comprises an investigation of serologic responses after hepatitis A vaccination 
in immune-compromised patients, specifically those using immunosuppressive drugs. 
Immune-compromised patients develop moderate to good serologic responses after 
hepatitis A vaccination (82% in literature, [25-28] 76.5% in our cohort). 
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We found that patients using a regimen with a TNF-alpha blocking agent instead of 
other immunosuppressive drugs generally have better antibody responses and hypoth-
esized that the replacement of a classic DMARD by a TNF-alpha antagonist results in less 
interference with the immune response than therapy with classic DMARDs. This may be 
due to the more specific mechanism of action of TNF-alpha blocking agents.

Because immune-compromised patients may need more time to develop protective im-
munity and sustainability of protection after successful vaccination might be impaired, 
post-vaccination antibody titre measurements should always be performed, regardless 
of prior vaccination status. Vaccinations should preferably be administered longer (three 
to six months, instead of one month) before travel departure. Female patients were more 
likely than male patients to return for a post-vaccination antibody titre measurement. 
Males should therefore be more actively encouraged to return for post-vaccination 
antibody titre measurement. Previous studies have shown that females are more likely 
to obtain pre-travel advice [29-30] . 

Males therefore appear less inclined to protect themselves against travel-related dis-
eases. A possible solution might be to encourage females to bring male travel partners 
to the travel clinic.

In our travel clinic, vaccination rates are high for hepatitis A in the overall traveller group 
(89% of those who needed vaccination received it). However, among those with medi-
cal conditions, lower vaccination rates were found compared to healthy travellers (90% 
vs. 84%, p=0.02) (Chapter 2). The use of immunoglobulins instead of vaccinations for 
protection could account for this. The guaranteed protection of immunoglobulins is 
attractive for travellers, and future studies could focus on prolonging the duration of 
effect of immunoglobulins.

yellow fever vaccination resPonses in immune-comPromised 
travellers 

In Chapter 5, responses against the 17D yellow fever vaccination were measured in 
immune-compromised and healthy individuals. Because the vaccination is officially con-
traindicated in this group, only a small number of “inadvertently” vaccinated individuals 
could be included retrospectively. We found that the presence of Yellow fever virus 
(YFV)-specific antibodies, YFV-specific CD4+ T-cell function and YFV-specific CD8+ T cell 
frequencies, phenotype and function were comparable between immune-compromised 
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patients and healthy individuals. Clinically, these results may implicate that vaccination 
is effective despite immunosuppressive medication. 

Serologic testing for immunogenicity is of importance, specifically in immune-compro-
mised patients. In Chapter 6, we assessed the clinical applicability of the immunofluores-
cence assay (IFA) and the plaque reduction neutralization assay (PRNT) in a small cohort 
of patients using immunosuppressive medication. PRNT was very sensitive, but the IFA 
had a low sensitivity and is therefore not usable for measurement of post-vaccination 
antibody responses. Previously, variable results have been found when comparing PRNT 
to IFA in other flaviviruses. For Japanese encephalitis in children, PRNT had a higher 
sensitivity [31]. For West Nile Virus, 8 out of 19 samples that were positive in IFA tests 
were negative in the PRNT control [32]. This indicates that results from the yellow fever 
antibody tests cannot be extrapolated to other antigens.

The PRNT yielded positive antibody responses in all (15 out of 15) of the immune-com-
promised patients, implying that the 17D-YF vaccination is very effective in our cohort of 
patients using immunosuppressive drugs. 

The two studies in Chapters 5 and 6 both show comparable immunologic responses 
to the YF-vaccine in immune-compromised and healthy individuals. However, we can-
not draw final conclusions about the longevity of protection in immune-compromised 
patients. Possibly, the duration of protection is comparable to healthy individuals 
(depending on type and duration of the drug used). Therefore, earlier revaccination in 
patients may not be required. Larger patient cohorts are necessary to confirm these as-
sumptions; cooperation between different (international) travel centers would therefore 
be beneficial. Various initiatives, such as EuroTravNet of GeoSentinel, already exist and 
could be utilized for these specific research questions. 
However, if the new development of a non-replicating yellow fever vaccine would even-
tually result in market introduction [33], questions about effectiveness should naturally 
shift to that vaccine. This would result in much larger volunteer cohorts, since there are 
no risks of severe adverse events associated with the live attenuated vaccine.

duration Protection against yellow fever after vaccination

As discussed in Chapter 7, the decision of the WHO to prolong the interval between 
primary vaccination and revaccination with Yellow fever vaccine can be debated. The 
presence of long-lived memory cells capable of proliferation after re-encountering 
antigen are essential for an adequate booster response [34].  In Chapter 8, we show that 
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YF-specific memory CD8+ T-cells with late-differentiated, as well as early-differentiated 
memory T-cell phenotypes persist. Early-differentiated cells are known to effectively 
proliferate and yield protective capacity upon reencountering antigen. The predominant 
presence of eomesodermin at later points in time confirms probable longevity at the 
level of transcription factors [35-37]. In Chapter 5, we showed that YF-specific memory 
CD8+ T-cells were found up to 18 years after vaccination ex vivo, and that they were 
detectable up to 27 years after culture with YFV-peptides. Polyfunctionality (the abil-
ity of cells to produce multiple cytokines, associated with better functionality in vivo) 
persisted as time since vaccination passed. In Chapter 8, we describe that antibodies 
were present 35-40 years after vaccination. Regarding the question of duration of im-
mune response and the need for re-vaccination, we conclude that it is favorable that 
an early-differentiated memory T-cell population with increasing potential for cytokine 
production remained and that antibodies are present up to 40 years after vaccination. 

The WHO recommendation has resulted in a recent message of the LCR that the Dutch 
guidelines will be changed in the summer of 2016 [38]. However, we think it is still valu-
able to critically assess guidelines changes, specifically in light of the statements made 
at the beginning of this discussion.

rabies vaccinations

In Chapter 2, we described that protection rates against rabies were low, in part because 
prevention is not recommended for all travellers, but also as a result of lengthy and 
expensive vaccination schemes. In Chapter 9, low pre-exposure rabies prophylaxis 
vaccination rates were confirmed; in our center, only 6.2% of all travellers who had expe-
rienced an animal-associated injury (AAI) had received pre-exposure prophylaxis before 
travel departure. This is comparable with previously recorded percentages, ranging 
from 0-16% [39-45], showing that there is ample room for improvement. 

With only a few cases occurring in the Netherlands in the last 50 years, the actual risk 
of rabies infection is low. However another important reason for PrEP is that AAIs result 
in uncertainty and panic among travellers, especially since HRIGs (human rabies immu-
noglobulins) are not available globally and travellers frequently have to return to the 
Netherlands early and at high costs to receive HRIG.

Improvement in protection against rabies could be achieved by identifying risk groups 
for AAIs. In line with previous studies, we found that tourists and those travelling to 
Southeast Asia had a higher chance of experiencing an AAI [39-49]. 
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The LCR advice to vaccinate travellers who travel longer than three months has been 
based on the assumption that longer travel time is associated with a higher risk for AAIs. 
However, in our analysis, travellers who had experienced an AAI had travelled for similar 
time periods to travellers without an AAI and that most AAIs occurred in the first two 
weeks of travel. Several other studies have also shown that longer travel time is not a 
risk factor [43, 50-52]. Therefore, the Netherlands’ coordination centre of traveller advice 
(LCR) statement that PrEP should be advised when the intended duration of travel is at 
least three months must be considered for revision [14]. 

Vaccine costs and a short time interval between consultation and departure were rated 
as important barriers to the decision to take PrEP. Reducing costs of the vaccination 
and reducing vaccination intervals could be important steps in improving the uptake of 
rabies vaccinations prior to travel. Intradermal (ID) schemes, although off-label in most 
developed countries, are effective and boostable, as we reviewed in Chapter 10 [53-55]. 

intradermal low-dose packaging of rabies vaccine is currently off-label

In the 1980s, high percentages of seroconversion were found in more than 1,500 individu-
als vaccinated intradermally (CDC), which, after review of the U.S. Advisory Committee 
of Immunization Practices (ACIP), resulted in the Merieux Institute (now Sanofi Pasteur) 
marketing a 0.1 mL dose in an individual syringe.

In 2001, ID vaccination packaging was taken off the market after three lots of a pre-
packaged rabies ID vaccine were recalled because the potency had fallen below the 
specification level before the expiration date. Before this, a U.S. Peace Corps volunteer 
had died from rabies, despite pre-exposure prophylaxis with a standard three-dose 
rabies human diploid cell vaccine (HDCV) that had been administered intradermally. 
She had not obtained booster vaccinations after the bite because she had assumed 
that the initial schedule provided sufficient protection [56]. When checked, the initial 
antibody response after the ID pre-exposure vaccination series in Kenya appeared in-
sufficient. Other vaccinated members of the Peace Corps had not developed adequate 
responses either, and control groups vaccinated with the same schedule in Morocco and 
Nepal were unprotected in 31 of 79 cases (39%). No clear explanation for the inadequate 
responses was found, but the potency of the vaccine lot and the method of administra-
tion are likely causes of the insufficient antibody responses [56]. It is known that rabies 
infection can also occur after an IM schedule if no PEP treatment is administered.

Based on more recent studies with 420 volunteers, 98.2% of whom developed protective 
antibodies after two ID doses on day 0, two ID doses on day 7, and one ID dose on days 
21–28 [51, 55], the WHO currently recommends the use of ID vaccination. 
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Post-booster responses after low-dose shortened pre-exposure rabies 
vaccination schemes

Percentages of initial response after ID schedules are known to be lower than intramus-
cular (IM) responses and seroconversion is not achieved in 100% of those vaccinated [57, 
58]. However, in Chapter 10, we reviewed various possible shortened ID rabies vaccina-
tion schemes and found that it is possible to induce 100% seroconversion above the 
WHO threshold of protection after booster vaccinations. 

A cut-down on dose and number of days of administration can be accomplished in two 
ways. 
First, we know that when the same dosage is used, ID administration of the vaccine 
does lead to higher antibody titres compared to IM administration, both in the initial 
schedule [59] and in the booster schedule [60, 61]. Specifically, four ID (0.1 mL) booster 
doses following multiple (two to four) doses ID PreP on days 0 to 7, or only on day 0, 
appear effective.

Second, sufficient time between the initial schedule and the booster vaccination should 
be incorporated. The ratio of increase of antibodies was significantly higher in subjects 
boosted at 12 or 24 months compared to at six months after the initial series, [62] pos-
sibly because antibody presence negatively influenced booster responses.  

Importantly, an estimated 3 percent of the healthy population produces low antibody 
levels to HDCV and Purified Vero cell rabies vaccine (PVRV) after IM immunization [63, 
64]. 

If ID administration of this pre-exposure rabies prophylaxis would be implemented in 
immunization programs, large-scale health benefits could be reached in resource-poor 
countries, specifically in Southeast Asia and Africa, where most rabies cases occur. 

In conclusion, booster responses, specifically four ID (0.1 mL) doses following multiple 
dose ID PreP on one or two days are effective. Further studies investigating larger num-
bers of vaccinees are required to verify these assumptions and assess predictive factors 
for low or non-response. Hopefully these schedules could be used in resource-poor 
countries and travellers to curb the number of rabies cases worldwide. 

It will be very difficult to change the existing (defensive) guidelines, portrayed partly by 
the generous investment of travellers to prevent minimal risks mentioned at the begin-
ning of the discussion. Moreover, if guidelines are not implementable for travellers from 
affluent countries due to safety concerns, there might be ethical issues for implement-
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ing them in resource-poor countries as double standards are, rightfully, being looked 
upon critically [65]. 

In spite of these arguments, we do advocate further investigation and implementation 
of intradermal schedules. Perhaps existing initiatives, such as the developing countries 
vaccine manufacturers network (DCVMN), could provide possibilities [66].

recommendations regarding future travel medicine Practice and 
conclusion

Based on the studies discussed, several recommendations can be made with regard to 
future travel medicine practices. We found that guidelines are generally well adhered to, 
which is an important finding; guideline changes should be carefully considered prior to 
implementation because of their profound effect on clinical practice. 

Travellers visiting friends and/or relatives should be encouraged to also convince their 
friends and family to be informed about travel risks and to adhere to pre-travel advice. 

With regard to hepatitis A vaccinations in immune-compromised patients, both pre- and 
post-vaccination antibody titre measurements are important, because standard intervals 
of protection do not necessarily apply to previously vaccinated immune-compromised 
patients and the effect of vaccinations needs to be assessed. Currently, pre-travel 
antibody titre measurements are not recommended in consultation guidelines [18]. A 
guideline change stating that testing should be performed if a previous vaccination has 
been administered under immune-suppression would be defensible.

With regard to Yellow fever vaccination in immune-compromised patients, protection 
should always be confirmed by measuring the presence of yellow fever antibodies, pref-
erably with the plaque reduction neutralization assay. Incorporating specificities about 
the preferred type of antibody test (PRNT and not IFA) in our national guidelines, but 
also international recommendations, would lower the risk of obtaining false-negative 
results. 

In healthy individuals, results on the duration of effectiveness of the 17D-YF vaccination 
and presence of T-cell memory show that the time period before revaccination can be 
prolonged.
Rabies vaccinations should be advised to tourist travellers going to Southeast Asia, 
regardless of their travel duration. 
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Shortened ID pre-exposure prophylaxis schedules need further investigation in large 
cohorts of travellers and in populations in resource-poor countries. Collaborations be-
tween international vaccination centers and pharmaceutical companies would benefit 
the large-scale studies required to ascertain effectiveness of various vaccination regimes.

When we regard the returning theme of this thesis, risk reduction, we conclude that 
these recommendations complement existing guidelines, reducing risks of travellers 
in a cost-effective manner, as well as contributing to large health improvements in 
resource-poor countries. 

In the future, more patients can be expected to visit travel clinics and travel health pro-
fessionals will be confronted with pre-travel queries regarding travellers with a medical 
background more frequently, further emphasizing the use of research in this particular 
part of travel medicine.

In spite of all of the vaccinations that can be provided, it should be realized that the 
chance of an immune-compromised patient contracting non-preventable diseases 
such as TB, arboviruses of pneumonia can be higher than that of vaccine-preventable 
diseases. Awareness that vaccination could lead to false security among travellers is 
important.

Modern times come with modern technology (mobile devices with apps), which could 
open up new possibilities in collecting data, as well as providing travel-related health 
care. Examples are the GPS tracking data from mobile phones, making it possible to col-
lect epidemiological data, which could leadto the possibility of sending push messages, 
depending on where the traveller is. Also, live health advice could be available more 
easily through apps, chat or text messages with healthcare professionals.

The nature and scale of travel will continue to change, and researchers studying travel 
medicine as well as healthcare professionals should adjust their modus operandi to the 
applicable practices and possibilities for travellers.
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