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Abstract: Immunocompromised travelers are a growing population. Due to the advanced level of medicine,
patientswith chronic autoimmune diseases now for the first time have their diseases under control, are in better
physical shape, and have greatly improved quality of life. As a result of this, these and other
immunocompromised patients are now able to travel abroad should they want to. However, because of the
immunocompromised condition, traveling comes with a risk for (severe) infectious diseases. Adequate and
tailor made travel vaccination therefore iswarranted. In thispaper an overview ofthe various types ofvaccines
and their mode of action is given. The current situation and prospects for the future of vaccination for

immunocompromised travelers are being discussed.

1. INTRODUCTION

In 1969, the Catholic Church reviewed the
calendar of Saints and discovered that for many
of the Saints, including St. Christopher, there was
absolutely no evidence of their existence. As a
consequence, St. Christopher, among many
others was dropped from the list. [1] However,
this action did little to dampen the popularity of
St. Christopher at all. The many believers of St.
Christopher, when going on vacation, a business
trip, or a real adventure, still invoke his blessings
and protection as the Patron Saint of travelers. It
is difficult indeed to end a tradition and belief that
has been around for centuries (Figure 1).

Figure 1. Detail of the painting Saint Christopher by
Jheronimus Bosch (approximately 1500), Museum
Boijmans Van Beuningen, Rotterdam. The walking
stick in the hand of Saint Christopher clearly hasthe
configuration of an antibody molecule, symbolizing
the protective effect of vaccination for travelers.
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The function of the immune system is to defend
the body against infections. It does this by
recognizing,  attacking and  eliminating
potentially infectious microorganisms. During an
immune response, not only effector molecules
and —cells are formed (antibodies and cytotoxic
T cells, respectively) but also memory T- and
memory  B-lymphocytes. Upon  repeated
exposure to the same micro-organisms, the
memory cells are reactivated and generate a so-
called memory response, which is faster and
stronger than a primary response. When the
immune system would fail or is insufficient, there
iS an increased risk of severe infection,
depending on the pathogenicity of the
microorganism involved [3]. Vaccines therefore
are being used with the purpose of strengthening
the immune system by inducing protective
antibodies and cytotoxic T cells, as well as
specific immunological memory. The
immunization schedules are designed with the
aim to protect the whole population (including
the most vulnerable) from being infected by
major pathogens [4]. In addition, vaccination is
important to limit the spread of a micro-organism
in the population (herd immunity).

Vaccination is the best known and by far the most
successful  application  of  immunological
principles in healthcare. The method of active
immunization (see below) has reduced the
incidence of target diseases by 95% or more
(Figure 2), and in some cases such as smallpox,
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even complete eradication [5]. The word vaccine
is derived from vaccinia, the cowpox virus
(which was derived from the word la vache,
French for cow). Edward Jenner was more than
200 years ago the first one to demonstrate that an
infectious disease (in this case smallpox) can be
prevented by vaccination [6]. A vaccine is
defined as a product that induces an immune
response in humans (or animals) to a specific
disease without causing the clinical symptoms of
the disease.
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Figure 2. Vaccination against diphtheria has resulted
in the virtual disappearance of the disease. Before
World War Il, diphtheria caused disease in 1-10 per
10,000 children in a European country as The
Netherlands. Diphtheria is caused by Coryne-
bacterium diphtheriae and its toxin affects the
airways, heart and nervous system. In between 5 to
10% ofthe patients, the disease isfatal. The incidence
of diphtheria peaked during World War Il (indicated
by the grey bar), with 60,400 cases in 1944,
Introduction of mass vaccination in 1953 for all
children between 0 and 5 years old lead to a sharp
decline and virtual disappearance ofdiphtheria. Data
from the National Institute of Public Health and the
Environment (www.rivm.nl).

Consequently, the  vaccinated individual
becomes better protected against the infectious
agent in question. It is important to realize that
the first vaccines were developed in a period of
time where knowledge about the function of the
immune system or evidence based medicine was
very limited.

Two forms of vaccination can be distinguished:
passive vaccination and active vaccination. With
passive vaccination, antibodies are administered.
In active vaccination the individual is protected
by inducing humoral and/or cellular immunity by
administration of the vaccine [7]. The objective
of active vaccination is to stimulate the immune
system in such a way that, when coming into
contact with a pathogenic micro-organism, a
memory immune response is generated so
quickly and efficiently, that infection is
prevented.
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2. THE DESIRED MODE OF ACTION OF A
VACCINE IS DETERMINED BY THE
PATHOGENESIS OF THE INFECTION

The optimal mode of action of a vaccine is
determined by the mechanism by which the
micro-organism in question causes disease. The
approach therefore will be different for micro-
organisms that cause disease by the production of
exotoxins (for example Clostridium tetani,
Corynebacterium diphtheriae) or for micro-
organisms that have to penetrate tissue (for
example Neisseria meningitidis) or cells
(measles virus) to cause infection or disease. The
pathogenesis of a disease caused by a specific
micro-organism also determines whether or not
action should be taken to prevent colonization or
to prevent infection. In the case of preventing
colonization, the vaccine should induce a strong
mucosal immune response that carriage of the
micro-organism is prevented (see also below for
polysaccharide vaccines).

In addition to knowledge of the pathogenesis of a
microorganism causing disease, it is also
necessary to know what constitutes a protective
immune response [8]. This is because different
types of microorganisms (e.g. bacteria, viruses,
fungi) elicit completely different immune
responses. As a rule of thumb, bacterial
infections generally lead to a humoral immune
response, while viral infections induce a cellular
immune response. In many cases (such as
influenza virus infections) both types of immune
responses are necessary [9]. Furthermore, a
distinction between the terms ‘immunogenicity’
and 'effectiveness' of a vaccine needs to be made.
Immunogenicity is the ability of a vaccine to
elicit an immune response in a target population
[10]. Effectiveness is the ability of a vaccine to
protect against a disease. Since the demonstration
of the effectiveness of a vaccine requires large
and lengthy studies, it would be helpful if the
effectiveness of a vaccine could be based on the
immune response elicited by the vaccination (this
is termed “correlate or protection”) [11].

3. ACTIVE IMMUNIZATION AIMS TO
STRENGTHEN THE IMMUNE SYSTEM.

Active immunization is aimed to strengthening
host defense and confer protection against
infectious agents. That is why a vaccine ideally
would closely mimic an in vivo immune response
to the microorganism and in doing so stimulate a
response of both the humoral as well as the
cellular immune system.
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Active immunization offers a number of benefits
in comparison to passive immunization: it
provides decades of protection, depending on the
vaccine it can even be lifelong protection. Due to
the induction of memory cells, protection persists
even when the vaccine itself has already
disappeared from the body [12]. Active
immunization is relative inexpensive and thereby
one of the most cost-effective measures in the
healthcare. Passive immunization, which is the
direct administration of specific antibodies, has
the advantage that it offers immediate protection,
which however is of limited duration. Passive
immunization with in vitro generated human
antibodies is considered for Ebola [13].

Most, not all, vaccines are administered during
the beginning of life. In utero, exposure of the
fetus to microorganisms is limited, and therefore
the immune system develops in the absence of
antigen-specific stimulation [14]. Directly after
birth, infants are exposed to a sheer limitless
number of (potential pathogenic)
microorganisms from the environment. The
human newborn therefore is totally dependent on
the activity of the innate immune system, as well
as on transplacentally obtained antibodies from
mother. Timely vaccination is required, because
maternal antibodies will have disappeared by 3-6
months. Since more than 50 years, national
childhood vaccination schedules have been
implemented in  most countries. In the
Netherlands this program is offered free of
charge and on a voluntary basis [15]. Next to
young children, several other risk groups are
eligible for specific vaccinations. Elderly (> 65
years) and patients with chronic conditions are
vaccinated against seasonal influenza and
pneumococcal infections.  Additionally, for
immunocompromised ~ patients who  have
undergone splenectomy and for patients on
immunosuppressive medication, specific
vaccines are recommended.. Due to the fact that
the immune system of this category of patients
does not function optimally, vaccination can be
less effective. On the other hand, these
immunocompromised individuals, due to their
impaired immune response, are especially
sensitive to these infectious diseases with
potentially severe consequences. Therefore,
vaccination of this specific group is highly
recommended [16]. For a number of occupations,
namely those in health care, additional
vaccinations (hepatitis B, influenza vaccination)
are strongly recommended if not required.
Finally, and in the context of this paper, most
importantly, travelers, especially those going to
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certain risk areas, are eligible for additional,
specific vacations [17].

4. THE ANTIBODY RESPONSE TO
VACCINATION CAN BE USED AS A
CORRELATE OF PROTECTION.

As mentioned above, the effectiveness of a
vaccine is determined by the level of protection
conferred against the target disease in the target
population. Prior to the introduction of a new
vaccine, effectiveness (and safety) needs to be
demonstrated in field studies. For individual
patients or small groups, the immune response to
the vaccine can be used as a correlate for
protection. In practice, the serum antibody level
is used for this purpose, even in case of viral
vaccines. Depending on the vaccine, the
vaccination schedule consists either of a single
injection or a series of injections. It should be
kept in mind that a baby born from a vaccinated
mother will have received IgG antibodies from
mother [18]. While these transplacentally
acquired antibodies will help to protect the infant
from infection, these maternal antibodies may
inhibit the active immune response of infants to
the vaccines [19]. Any vaccination results in a
progressively increasing antibody titer, which
gradually decreases afterwards. The speed with
which the antibody titer decreases after the last
injection at the age of 9 is evidently slower than
in newborns. Namely, at the age of 15, the titer is
still well above the level needed to be considered
protected. At the age of 50, more than 95% of the
vaccinated individuals still have sufficiently high
antibody levels to be protected against
poliomyelitis [20].

The substantially gradual decline of the antibody
titer after being fully vaccinated cannot be
explained based on the halftime of 1gG. There
are, however, at least three other (theoretical)
reasons that could possible explain why the
antibody titers decrease so slowly. First of all,
there are many long-lasting plasma cells in the
bone marrow that can continue to produce
antibodies for years [21]. In healthy elderly, for
example, IgA and 1gG levels of anti-
pneumococcal antibodies is known to increase
significantly after the age of 70 [22]. Secondly, a
small amount of vaccine antigen can persevere.
Even though it is being discussed whether this is
the primary effect of the adjuvants, the aluminum
salts (alum) that are added to vaccines can result
in a depot formation [23]. This allows a slow
release of antigens to occur over an elongated
period of time, causing long-lasting stimulation
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of the immune system to produce antibodies over
a bigger period [24].

5. POLYSACCHARIDES CONJUGATE VACCINES
CAN  PREVENT INVASIVE BACTERIAL
INFECTIONS IN INFANTS

Young children, below the age of 5 years, are
susceptible to infestations with encapsulated
bacteria. These include pneumococci,
Haemophilus  influenzae type b and
meningococci [25]. The capsule of these bacteria
consists of polysaccharides, which are the main
target of the humoral immune system.
Polysaccharides are molecules with a high
molecular weight and they consist of 50-150
repeating units of 2 to 4 different sugar molecules
which are linear or limited branched.
Polysaccharide antigens belong to the category of
type 2 T cell-independent antigens because they
can induce antibody production without the aid
of T lymphocytes [26, 27]. With respect to
vaccination, there are 2 other properties of
polysaccharides that are important to consider.
The first is that polysaccharides induce little, if
any, immunological memory, meaning that
revaccination (or infection) will not lead to a
better response [28]. The second aspect has to do
with the onset of responsiveness of the immune
system. Responsiveness to polysaccharides in
humans develops not before the age of 1.5-2
years. The likely mechanism for the
unresponsiveness to polysaccharide early in life
is based on the reduced expression of
complement receptor type 2 on marginal-zone B
cells [29, 30]. Furthermore, the quantitative
defect to produce 1gG2 immunoglobulins, which
is the most effective 1gG subclass against (some)
polysaccharides, also takes several years to
mature [31].

In the 1930’s, Avery and Goebel discovered that
the immunogenicity of polysaccharide antigens
could be improved by coupling them to a protein
carrier (a mixture of polysaccharides and proteins
is not sufficient, a physical link is required) [32].
It took approximately 50 years before this
principle was rediscovered and applied to
improve the Hib polysaccharide vaccine. The
coupling of the (Hib) polysaccharide to a protein
(e.g. tetanus toxoid) results in a so-called
conjugate vaccine which is capable of
stimulating anti-Hib polysaccharide antibody
production in young children [33]. Because of the
coupling to the protein, the Hib polysaccharide
response has obtains a T-cell dependent
character. A study in 1996 by Zepp and
colleagues showed that not only is the conjugate
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vaccine more immunogenic, but it also has the
capability of inducing immunological memory
[34]. Most importantly, this conjugate vaccine
has the ability of preventing meningitis (and
other forms of invasive Hib) in infants in their
first year of life. The Hib conjugate vaccine was
the first polysaccharide-protein  conjugate
vaccine to become implemented. Before
introduction of Hib vaccination in The
Netherlands, annually 700 children under the age
of 5 developed invasive Hib disease. Since its
introduction in 1993, Hib meningitis has
practically disappeared in the Netherlands [35] as
in other countries that have implemented Hib
conjugate vaccination. The same principle of
conjugation with proteins is also applied in
vaccines  against meningococcus and
pneumococcus. The menC conjugate vaccine
was introduced in 2002, nowadays at tetravalent
meningococcal conjugate vaccine (including the
serotypes A, C, W, and Y) is available and being
used [36]. The first generation pneumococcal
conjugate  vaccines  consisted of the
polysaccharides of 7 of the most prevalent
pneumococcal serotypes (4, 6B, 9V, 14, 18C,
19F and 23F). This vaccine protected against

approximately  60-70% of the invasive
pneumococcal infections (meningitis,
bacteremia) in this age group [37]. The

effectiveness against mucosal infections such as
otitis media is limited. The 7 valent
pneumococcal conjugate vaccine has been
followed up by 10- and 13-valent pneumococcal
conjugates vaccines, in order to address serotype
replacement diseases as well expanding coverage
[38]. Next generation pneumococcal conjugates
probably will be 20-valent.

For travelers, the WHO advises to keep in mind
that the composition of the conjugate vaccines
are based on seroprevalence in the USA and other
industrialized countries. Travelers planning on
going to Africa and Asia should therefore take
into consideration that the coverage of the
vaccines they have had is substantially lower in
countries there. During the period of 2001-2013,
out of the top-10 serotypes causing pneumonia in
Bangladeshi children, only 3 serotypes were
included in PCV7 [39]. What is most striking is
that the 2 predominant serotypes, 26% combined,
are not covered by the PCV7 vaccine and only
the second most prevalent one, serotype 1 (10%),
is covered by PCV10 and PCV13. This means
that travelers, especially children, from the North
America and Europe still run the risk of falling ill
with severe pneumonia. Serotype 2 is not covered
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by any of the current PCV vaccines as it had not
been detected for the past decades until a sudden
upsurge from 2001 onwards in Asia [40]. This
could have been due to replacement disease after
the introduction of PCV7, as other non-vaccine
serotypes have been known to increase in
frequency once vaccine-targeted serotypes
decrease [41]. However, studies in the UK, the
Netherlands and the US have not found serotype
2 as a replacement serotype [42-44]. This
underscores the conclusion that global
introduction of a pneumococcal conjugate
vaccine can lead to replacement disease with
different serotypes throughout the world.

6. ADJUVANTS CAN AUGMENT THE EFFECT OF
VACCINES THROUGH DEPOT FORMATION
OR FACILITATION OF THE SECOND
LYMPHOCYTE ACTIVATION SIGNAL

Almost a 100 years ago it was discovered that the
antibody response can be greatly enhanced by the
addition of certain substances, such as alum, to
the antigen preparation. These substances are
called adjuvants. Nowadays, alum (especially
aluminum hydroxide) is still used, for example in
the DTP vaccine.

Adjuvants works in at least two different ways.
First of all, they have the ability to concentrate
the antigen (the vaccine) on one site, which
provides optimal uptake of the antigen by
antigen-presenting cells (APCs) and subsequent
activation of the immune system [45]. As
previously mentioned, alum additives cause
prolonged effects; they lead to the formation of
small depots which retain the antigen for a long
time. Secondly, adjuvants can optimize the
second signal needed for activation of the
immune response. Adjuvants result in an
increased expression of costimulatory molecules
and in increase in cytokine secretion [46]. This
occurs primarily by means of activation of Toll-
like receptors on antigen presenting cells. An
example of such an adjuvant is the MPL
(monophosphoryl lipid A) that can bind to TLR4
[47].

7. VACCINATION AGAINST EVERY
INFECTIOUS DISEASE IS NOT (YET)
POSSIBLE

Unfortunately, the list of severe infectious

diseases for which there are no vaccines or no
adequate working vaccines available remains
long. High on this list are HIV, tuberculosis (TB)
and malaria. In 1984, when it was discovered that
the HIV virus was the cause of AIDS, 1300
people had died from this disease. At that time, it
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was speculated that an effective vaccine for
AIDS would become available within 2 years.
Now, almost 35 years and more than 35 million
casualties later [48], despite enormous efforts,
there is still no effective AIDS vaccine. The
global HIV/AIDS epidemic has affected no less
than 186 countries, which had all reported cases
or deaths in 2012 [49]. An indirect consequence
of the AIDS epidemic is a strong increase in the
incidence of TB. CD4* T cells have a central role
in protecting the body against TB infection [50].
HIV breaks down the human cellular immune
system by infecting and killing CD4* T cells [51].
What causes the high susceptibility of HIV
infected people to TB is thus for a large part due
to this destruction of the CD4* T cells, and so the
cellular immune response, which should protect
the body against TB [52]. Approximately one-
third of the world population is infected with M.
tuberculosis with 10.4 million new cases of TB
in 2016 and 1.7 million deaths (WHO) [53]. The
original tuberculosis vaccine (BCG) from 1921
provides insufficient  protection  (possibly
because the vaccine contains Mycobacterium
bovis and not Mycobacterium tuberculosis) and
therefore there is urgent need for a better vaccine
[54,55]. For a large number of parasitic diseases
(tropical protozoa and worm infections), there
also are no effective vaccines available. In part,
this is due to the fact that for parasitic vaccines,
knowledge on the mechanisms of the protective
immunity is still inadequate. A reason for this is
the severely dynamic antigenicity of these
organisms. Another limiting factor is that the
most important parasitic infections (malaria,
Schistosoma, Leishmania) are especially
prevalent in the tropics and developmental
countries [56]. Therefore, there is not a high
economic incentive for the pharmaceutical
industry to invest in the development of such
vaccines. Thus, the road to an effective malaria
vaccine is long and winding [57]. An
experimental malaria vaccine appears to indicate
signs of clinical protection against Plasmodium
falciparum infection [58]. This so-called RTS, S
vaccine consists of a fusion-protein of the P.
falciparum  circumsporozoite  protein  and
hepatitis B surface antigen (hBsAg). The vaccine
is used with an adjuvant mixture consisting of
bacterial cell wall components and a plant-based
component (AS02D). This vaccine has been
tested as safe and immunogenic in infants and
young children with a 66% protection against
malaria [59]. The most recent developments in
this field hold promise for development of
effective malaria vaccines, either passive or
active [60-62].
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The above mentioned vaccination approaches are
all committed aimed at preventing infection.
Vaccination can also be used to prevent (viral
induced) cancers. Currently, vaccination for
cervical cancer prevention, caused by papilloma
viruses has been implemented [63]. Human
papillomaviruses (HPV) form a variable group of
approximately a 100 different DNA viruses that
can infect the skin and mucosal linings. A large
number of HPV types are spread via skin-to-skin
contact, and a smaller group of about 13 types are
spread through sexual contact. The latter can
cause genital malignancies, especially cervical
cancer [64]. Within this group, HPV-16 and
HPV-18 are responsible for 70% of cases of
cervical cancer. Worldwide there are 500,000
new cases of cervical carcinoma annually, with
half of these cases being fatal [65].

Effective defense against HPV relies on both the
humoral and the cellular immune response [66].
In 50% of the normal, healthy population, HPV
specific CD4*helper T lymphocytes are
detectable, indicative for previous contact with
HPV and a response of the immune system [67].
However, in the majority of patients with
diagnosed HPV induced cervical cancer, there is
apparent reduction if not total lack of HPV
specific CD4*helper T lymphocytes. Currently,
two HPV vaccines have been developed and
brought to the market, a bivalent vaccine with
HPV-16 and -18 antigens and a quadrivalent
vaccine that includes the previous two as well as
HPV-6 and -11 (for genital warts) [68]. In the
bivalent vaccine, both aluminum hydroxides and
monophosphoryl lipid A are added as adjuvants.
These vaccines provided young women who had
no prior contact with HPV an almost 100%
protection against vaccine types [69]. The
duration of the protection remains to be
established, but studies from 2014 have found a
100% efficacy for short-term (<5 years), a high
efficacy for long-term (=5 years, in this case 8
years) and even seropositivity up to 9 years after
vaccination [70, 71]. The protection is less when
an individual has already come into contact with
one of the HPV types and the vaccine does not
have any effect on existing tumors.

8. THE DEVELOPMENT OF A NEW VACCINE
TAKES TIME

The development of a new vaccine on average,
from basic research up until registration, takes 10
years or more. The diseases for which no vaccine
has been found (such as HIV) is not included in
this figure. It took Calmette and Guerin 13 years
to develop the BCG vaccine [72], while the

ARC Journal of Immunology and Vaccines

vaccine against to new influenza A (N1H1) was
marketed within half a year.

When a new vaccine is brought onto the market,
it will take a certain period before it is generally
accepted to use the vaccine (and to possible add
it to national vaccination schedules). After the
introduction of a successful vaccine, the disease
burden will decrease to such an extent that the
general population, and even doctors, will not
recognize the disease in question anymore. When
a vaccination coverage of 95% is achieved, the
small minority of the population that has not been
vaccinated or for whom the vaccine does not
work, is protected by herd immunity. A decline
in the coverage may however result in a new
outbreak of the infectious disease. For example,
the risk of a measles epidemic increases
enormously when the immunization coverage
drops below 75%. Ideally, mass vaccination will
lead to complete eradication of a disease, as with
smallpox. In that case, vaccination will not be
necessary anymore and can be stopped. In the
meantime, and in light of the long list of
candidate  vaccines, national  vaccination
schedules will not reduce but expand. The risk,
sometimes ventilated, that the immune system of
young children will be overloaded with all these
vaccines is not real. As compared to all other
daily antigenic stimuli for the immune system,
vaccines are just a minor fraction [73].

9. VACCINATION FOR IMMUNOCOMPETENT
AND IMMUNOCOMPROMISED TRAVELERS

Travel vaccination is recommended for all
persons who travel to areas where certain
infectious diseases may be prevalent because of
climatological and/or hygienic circumstances. It
is remarkable that the great discoverers of the
past, who explored the world and reached places
where they will have been exposed to a whole
array of potential pathogens, hardly would have
benefited from travelers vaccination (Figure 3).

With an increasing number of vaccines available,
there is no universal applicable vaccination
schedule for all travelers to any destination.
Minimally required are the vaccines from the
national vaccination programs. While this may
sound obvious, it isn’t. In the Netherlands the
national vaccination program was implemented
60 years ago, so older people may not have been
fully vaccinated. When living in an environment
with a high vaccination rate, the risk for infection
of non-vaccinated individuals is low due to herd
immunity. When traveling to an area with a low
vaccination rate, herd immunity will be absent
and the risk for exposition and infection will be
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substantially higher. Which other vaccines will
be required or recommended depends on the
specific destination, the duration of the stay, and
additional risk factors and/or underlying diseases
(see also below). A complete advice for travelers
will not be restricted to vaccination but will also
include information on additional preventive
measures against malaria and other infectious
diseases for which no (effective) vaccines or
adequate treatment options are available.

Figure 3. Non-vaccinated travelers from history.
Magelhaen (1480-1521), James Cook (1728-1779),
and David Livingstone (1813-1873) (top row fromleft
to right) as well as Vasco da Gama (1469-1524),
Amerigo Vespucci (1454-1512), and Marco Polo
(1254-1324) (bottomrow, from left to right) travelled
the world without being vaccinated. Magelhaen and
Cook were murdered, Marco Polo died of natural
causes. The other 3 explorers died from malaria.

Credits: Wikimedia Commons (https://commons.
wikimedia.org). Background map of the world Nova
totius terrarum orbis tabula Amstelodami, ex officina
G. a Schagen (1682).

Most vaccinations for travelers are given on a
voluntary basis, some however are compulsory.
An example of compulsory vaccination is yellow
fever when traveling to areas where this disease
is endemic (roughly the jungle covered areas of
Africa and South America). Sometimes
neighboring countries demand travelers to be
vaccinated in order to prevent spread of the virus.
Meningococcal vaccination (A,C,W, and Y) is
compulsory for pilgrims to Mecca and other holy
places in Saudi Arabia.

Immunocompromised patients are at increased
risk of infections, a number of which can be
prevented by vaccination [74]. These patients
however also are less likely to mount an effective
immune response leading to the clinical paradox
that precisely the group that would need most
protection is least likely to respond adequately to
vaccination [75]. It should be added that the rate
of exposure or even infection needs to be higher
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in  immunocompromised travelers, but the
ilinesses will have significantly more severe
consequences. [76]. The same vaccination rules
apply to the immunocompromised traveler as to
someone with a fully functional immune system.
However, there are a few additional things to
keep in mind. These travelers should seek pre-
travel consultations 4-6 weeks ahead of their
travel according to the WHO. This should give
the traveler plenty of time to update their
immunization status, consult infectious diseases
specialists and primary physicians as well as any
other specialist relevant to the reason behind the
traveler’s immunocompromised state if needed.
In a study from 2002 until 2012, a Swiss travel
clinic collected data of the travel patterns of their
clients as well pre- and post-travel consultation.
A total of 65,046 clients were included of which
30.8% self-indicated they had a type of
immunosuppressive  condition (cancer, HIV,
splenectomy, etc.) [77]. A small number of them
(0.1%) was taking  immunosuppressive
medication (prednisone, methotrexate, etc.).
Africa and Asia were the most visited continents,
46% and 35% respectively, with India being the
most frequently visited country (9.6%). Less than
half of the travelers had consulted medical
professionals about their travel plans 1 month or
more prior to their departure date and similar data
were found for Swedish travelers [78]. However,
while most travelers did not seek pre-travel
advice at the right time, the study indicated that
99% did in fact receive their required vaccines.
In the USA, a comparable study of 13,235
travelers from 2001 until 2011 was conducted
[79] As in Europe, the most frequently visited
continent and country were Africa and India. The
pre-travel advice period was 14-17 days for US
travelers. While there were more travelers with
pre-existing medical conditions (59% USA,
46.5% Switzerland), only 3% of the American
travelers had an  immunocompromising
condition. In both studies it was reported that
some travelers declined vaccination or were
advised against certain vaccines. The US Centers
for Disease Control and Prevention (CDC) have
defined  different  categories of an
immunocompromised state [80]. Based on this
classification, it is easier to determine which
vaccines are or are not recommended for a certan
category of immunocompromised travelers [81].

Immunocompromised patients are a growing
group within the population. With the continuous
development of novel immunosuppressive
medication, as well as improved survival of
various groups of patients, many patients
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generally feel healthy and physically and
mentally fit to embark on international travels,
putting them at risk of (serious) infections.

10. CONCLUSION

Vaccination against infectious diseases is the
most clear-cut example and large-scale
application of immunology in  practice.
Vaccination has largely contributed to the
improvement of overall health and increase in the
life-expectancy in the last 50 years. In case a new
disease breaks out, such as Ebola, Zika virus and
Q fever, the demand for novel vaccines will arise.
National vaccination schedules are aimed at the
most prevalent infectious diseases for the
respective country or region. (International)
travelers will need additional vaccination,
depending on their destination. Over the past
decade, the treatment of patients with immune
mediated diseases and with tumors has improved
dramatically. Most of the biologicals used for
these treatments have an impact on the
functioning of the immune system. As a
consequence, vaccines may be less effective.
This has consequences for immune compromised
travelers, because standard dosing of vaccines
may not be sufficient.
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