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where the mosquito vector Aedes aegypti is common.
In Queensland,northern Australia, several sporadic out-
breaks occurred due to the introduction of dengue viruses
via international travelers returning from endemic 
countries.8,9

Since dengue surveillance, if performed at all, is 
passive, and since dengue virus infection presents either
as a short and self-limiting viral disease or even asymp-
tomatically, it is certainly one of the most underdiagnosed
tropical infections in travelers.

The Virus, the Host, and the Vector

Dengue virus infection is caused by one of the four
serologically distinct dengue virus serotypes (DENV-1,
DENV-2,DENV-3,DENV-4) of the family Flaviviridae.
Each one leads to lifelong immunity to the homologous
serotype,but to only a short period of cross-reactive het-
erotypic immunity. This cross-protection is thought to
last for 2 to 12 months.10

Dengue viruses are usually transmitted by bites of
an infected mosquito vector,mainly Ae.aegypti.Aedes mos-
quitoes are effective vectors, and their global distribution
matches that of the dengue viruses. For transmission to
occur, the female Aedes mosquito must bite an infected
human during the viremic phase of the illness,which gen-
erally lasts for 4 to 5 days but may last for up to 12 days.11

The incubation period in humans ranges from 3 to
12 days, and is most commonly 5 to 7 days. Aedes mos-
quitoes are highly susceptible to dengue viruses and feed
preferentially and frequently on human blood, the only
important reservoir besides mosquitoes themselves.12

Dengue viruses may be trans-ovarially transmitted in some
Aedes mosquitoes.11 It has been shown that dengue viruses
in mosquitoes cause an infection of the nervous system,
leading to prolonged feeding periods with a higher like-
lihood of being interrupted by the host,which increases
the chance that this infected mosquito will probe or feed
on additional hosts.13 Ae.aegypti is a highly anthropophilic
mosquito and breeds in artificial containers such as pots,
tin cans and tires. It mainly bites during the day or early
evening, and most biting occurs outdoors in urban areas.

These facts highlight the role of dengue in travel-
ers. First, because of the short incubation period, a high

Dengue is progressively making its way from being
“one of the great neglected diseases of mankind” 1 towards
becoming acknowledged as one of the world’s major
emerging infectious diseases. In fact, the infection is now
rightly seen as a global pandemic with recorded preva-
lence in 101 countries (Fig. 1).2,3

Despite all the threats of terrorism, wars and eco-
nomic crises in recent years, in 2002 the number of inter-
national tourist arrivals exceeded the 700 million mark
for the first time in history. According to the World
Tourism Organization, more than 130 million arrivals
were registered in Asia and the Pacific,which many regard
as the destination of the future, and 120 million in the
Americas.4 Both are highly endemic areas for dengue
viruses.

Both the increase in international air travel and the
increasing frequency of dengue in the tropics are respon-
sible for the increased chance that health care providers,
including those in Western countries,will be confronted
with imported dengue virus infections. In recently per-
formed studies at travel clinics, dengue virus infection
was the second most common cause of fever in return-
ing travelers.5,6

Furthermore, travelers serve as important vectors of
dengue viruses. First, they might introduce more viru-
lent virus strains (subtypes) into areas where only mild
disease has been observed before. The occurrence of
dengue hemorrhagic fever (DHF) in Sri Lanka in 1989,
for example, was found to be related to the appearance
of a new DENV-3, subtype III variant; this was then prob-
ably imported into the Americas in the mid-1990s, result-
ing in unexpected outbreaks of DHF.7 Second, travelers
might introduce dengue viruses into nonendemic areas
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proportion of travelers who acquire a dengue virus infec-
tion in the tropics will suffer from disease during their
stay abroad.Most of them will not seek medical care when
they return to their home countries, and the disease will
be underreported in national surveillance systems.Second,
dengue is a disease that occurs mainly,but not exclusively,
in urbanized areas. These areas are globally much more
closely connected to each other than they used to be.With
increasing international air travel, new and potentially
more virulent viral strains might be introduced to other
areas infested with Aedes species.14,15 Therefore, travel-
ers are not only potential victims of infection,but are also
important vectors in the global distribution of the viruses.
Overcrowding, urbanization, poverty, insufficient water
storage systems and insufficient vector control are major
causes of the dramatic resurgence of dengue disease.16

Epidemiology

Dengue is endemic in most tropical parts of the
world, many of which are popular tourist destinations.
Worldwide, 2.5 billion people are living in dengue-
endemic areas.

The incidence of epidemic and endemic dengue has
increased substantially (Fig. 2). This increased epidemic

activity, which is caused by all four virus serotypes, is
associated with the geographic expansion of both the
mosquito vectors and the viruses, the development of
hyperendemicity (the co-circulation of multiple virus 
serotypes in an area), and the emergence of DHF.Hyper-
endemicity is the most constant factor associated with the
evolution of epidemic DHF in a geographic area.17

Today,dengue virus infection has emerged as the most
important arboviral disease of humans,with an estimated
50 million to 100 million cases of dengue fever (DF) and
several hundred thousand cases of DHF occurring each
year, depending on epidemic activity.18–20 DHF is a lead-
ing cause of hospitalization and death, especially among
children, in Southeast Asian countries, where epidemics
first occurred in the 1950s.Epidemic DHF spread out to
the South Pacific islands in the 1970s, and reached the
American region in the 1980s and 1990s.21,22

Of major concern is the potential area of dengue trans-
mission due to the spread of its vectors: such areas include
sizable parts of the US and Europe,as outlined in Figure 1.
Thus, the introduction of dengue by returning travelers
to regions as yet unaffected by the disease poses a very real
threat to public health systems in the Western world.23,24

One of the largest dengue epidemics known in history,
with approximately 1 million cases and 1,000 deaths,

Figure 1 Distribution of dengue and dengue hemorrhagic fever (DHF).
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occurred in 1927–1928 in Greece.At that time,the vector
was the later-eradicated Ae. aegypti. In this context, the
recent introduction of Ae.albopictus to Europe,notably Italy,
France and Albania,might serve as a warning of things to
come.2,25,26

In most disease-endemic areas,dengue transmission
has a definite seasonality, but the reasons for the seasonal
patterns are not fully understood. However, studies on
the vector have shown that the larval index per house
increased during the wet season due to a higher pro-
portion of colonized containers at each house, as well as
increases in the numbers of available containers.27

The Risk and Risk Factors for Travelers

Structured data on the risks of dengue virus infec-
tion for travelers are rare (Table 1). Though case reports
on imported dengue are relatively frequent, they do not
allow an estimation of the risk of illness for travelers. In
a retrospective study among 323 German expatriate work-
ers and their families after an average stay of 9.8 years in
endemic areas, antibodies to dengue virus were detected
in 4.3% of patients.28 Length of stay was clearly corre-
lated with seropositivity. The results of this study show
that expatriates may be at substantial risk of acquiring
dengue virus infection. However, the majority of 
people who tested positive for antidengue virus antibodies
did not experience any clinical disease suggestive of dengue.
It appears that many infections may develop oligo- or
asymptomatic courses. In a similar study among 670
German aid workers with an average overseas time of 37.7
months, seropositivity was detected in 7.4%.29 The high-
est seroprevalence rates of antidengue virus IgG were

detected in aid workers returning from Thailand (19.4%),
Benin (14.8%), and Burkina Faso (9.2%).The latter two
countries have not previously been implicated in dengue
virus infection in travelers and expatriates. The quality
of both studies suffered from their retrospective design
and considerable lack of data on exact living standards,
housing conditions, and traveling habits of the investi-
gated people.

Of great interest are two prospective studies per-
formed in travelers by collecting serum samples before
and after travel. One study was performed in 104 long-
term travelers from Israel to various dengue-endemic
countries, and revealed dengue seroconversion in 6.7%
of all travelers with a median of 5.3 months’ stay abroad;
three out of seven infections were asymptomatic.30 The
other study was performed in Dutch short-term travel-
ers with destinations in endemic areas in Asia,and demon-
strated an incidence rate of 30/1,000 personmonths.The
clinical/subclinical infection ratio was 1 : 3.3.31

Incidence rates might change in cases of outbreaks.
An exceedingly high attack rate of 69% during a dengue
virus outbreak among a group of young short-term com-
munity aid workers was reported in a Caribbean island
with no documented asymptomatic infection.32

All results show that dengue virus infection is a real
threat, and not only to long-term travelers to Southeast
Asia. In outbreaks, high attack rates might occur, with
variable clinical/subclinical ratios, possibly reflecting the
role of different virulent virus strains, the importance
of initial viral load, or host factors (e.g., susceptibility
of different ethnic groups). Two prospective studies on
dengue seroconversion in travelers showed that a high
percentage of infections might occur asymptomatically,

Figure 2 Average numbers of reported DF/DHF cases annually. Source: WHO.105
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a phenomenon that has been described in immune and
nonimmune populations—both adults and children—in
Thailand and during outbreaks in Cuba.33,34

Prospective and retrospective studies have revealed
several risk factors that might be associated with dengue
virus infection:age, travel duration, travel destination,and
season.31,35–38 However, these risk factors might reflect the
travel habits of tourists, the dengue activity in the endemic
countries, and the popularity of the country as a tourist
destination.

Data from The European Network on Imported
Infectious Disease Surveillance (TropNetEurop) and a few
case reports give the impression that non-Caucasian trav-
elers have a higher risk of developing DHF than Caucasian
travelers.39–41

Surveillance of Dengue in Travelers

Even though various case reports on dengue virus
infections in international travelers returning from en-
demic areas have been published,42–47 the disease was not
reported in most European public health systems dur-
ing the 1990s.

It took until the late 1990s for the Western world
to become aware of the increasing problem that dengue
also poses to travelers. A retrospective study performed
among a small cohort of Swiss travelers showed a sur-
prisingly high prevalence of antibodies to dengue virus
(8%) in symptomatic patients.48 These results were fur-
ther underpinned by a prospective study among 130
febrile returnees from endemic areas that showed a
prevalence of 6.9%.49 A small number of systematic stud-
ies on this topic were thought to have the effect of awak-
ening calls.

In Germany, for example, a new reporting system
for dengue was introduced in 2001 by the Robert Koch
Institute.As a consequence of more complete reporting,
the numbers of cases within this system rose to 231 in
2002, from 60 the year before.50 Since surveillance for

dengue is passive,only the tip of the iceberg is reported,
making DF/DHF one of the most underreported trop-
ical infectious diseases in the past 20 years.17

TropNetEurop was able to reveal the frequencies of
dengue virus infection in various dengue-endemic regions
in which 481 European travelers acquired a dengue virus
infection between 1999 and 2002 (Table 2). These fre-
quencies mainly reflect worldwide dengue activity,as well
as the countries’popularity as tourist destinations.Thailand,
Vietnam and Indonesia are not only high-endemic areas
for dengue viruses,but also have expanding tourism sec-
tors.Thailand alone was responsible for 134 (28%) of all
travel-acquired dengue virus infections over the previ-
ous 4 years in this network.37,41

Other studies in Europe showed similar distributions,
with highest incidences in travelers returning from Southeast
Asia.38 Among 33 US residents who were diagnosed with
DF during 1999 and 2000, the disease was acquired most
frequently in Asia (13 cases) and the Caribbean islands
(12 cases),followed by Central America (seven cases),South
America (one case), and Africa (one case).51

The Disease and its Symptoms

Dengue virus infection may be asymptomatic or may
lead to undifferentiated febrile illness (viral syndrome),
DF, or DHF, with or without shock, depending largely
on age and immunologic condition.52

Table 1 Overview of Studies on Dengue Antibody Prevalence/Seroconversion in Travelers and Expatriates

Study Design Study Population Antibody Prevalence (%) S : A Destination Publishing Year Reference

Prospective 627 expatriates 1 – Bangkok 1969 104
Retrospective 38 febrile travelers 8 – Endemic area 1995 48
Prospective 37 symptomatic travelers 64.9 – Endemic area 1996 47
Prospective 173 febrile travelers 53 – Asia 1996 103
Prospective 130 symptomatic travelers 6.9 – Endemic area 1997 49
Retrospective 323 expatriates 4.3 – Endemic area 1997 28
Retrospective 670 aid workers 7.4 – Endemic area 1999 29
Prospective 104 long-term travelers 6.7a 1.3 : 1 Endemic area 1999 30
Prospective 477 short-term travelers 3a per month 1 : 3.3 Asia 2002 31

S : A � symptomatic/asymptomatic ratio.
aSeroconversion (= incidence).

Table 2 Frequencies of Travel-acquired Dengue Virus
Infections by Region of Travel in 481 European Travelers
between 1999 and 2002.41

Region of Infection No. (%) of Patients

Africa 38 (8)
South/Central America 91 (19)
The Caribbean 56 (12)
Indian subcontinent 77 (16)
Southeast Asia and Oceania 219 (48)
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In DF, the severity of the clinical features increases
with the age of the patient.3 Therefore, classical DF is
primarily a disease of older children and adults, charac-
terized by a sudden onset of fever,headache, joint or mus-
cle pain, rash, leukopenia and thrombocytopenia
(Table 3).Mild hemorrhagic manifestations, such as epis-
taxis, petechiae, gingival bleeding and menorrhagia, are
accepted as rare aspects of the clinical picture of DF.52,53

In a study performed in Swedish patients with dengue
virus inection after return from travel,21 of 74 had hem-
orrhagic manifestations.The disease is self-limiting, and
in classical DF no deaths usually occur.

In contrast, DHF is primarily a disease of children
under 15 years of age residing in hyperendemic areas
where two or more virus serotypes are circulating simul-
taneously, but it can also occur in adults.The early clin-
ical features of DHF are indistinguishable from those
of DF.54 Even though the severity of hemorrhage in
DHF tends to be greater than in DF, and severe gastro-
intestinal bleeding may sometimes occur,DHF is some-
what inaptly named, because its central clinical and
pathogenetic feature is not bleeding.55 The major patho-
physiologic change that determines the severity of dis-
ease in DHF and differentiates it from DF is the leakage
of plasma, which results in hemoconcentration (man-
ifested as a rise in hematocrit), pleural or other effu-
sions, or hypoalbuminemia or hypoproteinemia.54 This
feature typically occurs simultaneously with a drop in
platelet count at the time of defervescence, 2 to 9 days
after the onset of symptoms, and may progress to hypo-
volemic shock (dengue shock syndrome; DSS) and
death.The grading of the severity of dengue virus infec-
tion is usually performed according to WHO guide-
lines (Table 4).56, 57

Generally,DHF occurs rarely in travelers,but several
cases have been reported.35,39,40,47 Within the European
Network on Imported Infectious Disease Surveillance,

2.7% of all dengue cases (n � 483) were reported as
DHF.58

In recent years, there have been increasing reports
of dengue virus infections with unusual manifestations,
mainly with cerebral and hepatic involvement.59–63 At the
same time, reports of unusual clinical manifestations in
travelers have also been increasing, including the first fatal
case of dengue virus infection accompanied by fulmi-
nant hepatic failure imported into the UK in 2002.39 In
the same year,a patient presented at a German travel clinic
with DF and visual loss.64

Pathogenesis of DHF: Current Knowledge and
Opinions

The pathogenesis of dengue is not fully understood.
There are currently several hypotheses concerning why
dengue viruses lead to DHF in some individuals but not
in others.The major pathophysiologic change,however,
that determines the severity in DHF and differentiates
it from DF is the acute increased vascular permeability,
which results in plasma leakage, leading to hypovolemia
and shock.65 Other hallmarks are hemorrhagic diathesis
and complement activation.66

The observations that classical DF without com-
plications occurs in nonindigenous foreigners and that
DHF occurs in indigenous children,and that most aspects
of the disease become prominent only after several days
of illness when fever and viremia remit, support an immu-
nologic explanation.67 Fundamental to the immunologic
events in DHF is the existence in nature of four anti-
genically related but distinct dengue serotypes that 
parenterally enter human hosts: recovery from one infec-
tion provides lifelong immunity against that serotype but
confers only transient protection against the heterologous
infections, and sequential infections may increase the risk
of more serious disease. In infants, for example, a tran-
sient heterotypic immunity due to maternal dengue anti-
bodies was found to be followed by a period of highest
risk of acquiring DHF 7 to 8 months after birth.10 Based
on these observations, the immune enhancement theory
has been developed.67–71 According to this hypothesis,
non-neutralized antibody–virus complexes bind to mono-
cytes–macrophages,which leads to cytokine production
and higher viral loads. It has been well documented that
higher viral burden is associated with more severe dis-
ease.72,73 One other recently suggested explanation for the
development of DHF is that cross-reactive T cells (CD8�)
activated by the original antigenic stimulus may have
lower affinity and be less effective at clearing a secondary
infection with dengue viruses, resulting in higher viral
loads.74

However, primary dengue virus infection can also
be associated with fatal dengue hemorrhagic disease and

Table 3 Signs and Symptoms of Travel-acquired Dengue
Virus Infections in 465 Europeans and Immigrants.41

Symptom No. (%) of Patients

Fever 421 (91)
Headache 295 (63)
Myalgia or arthralgia 241 (52)
Fatigue 197 (42)
Rash 158 (34)
Diarrhea 106 (23)
Vomiting 55 (12)
Lymphadenopathy 31 (7)
Respiratory symptoms 29 (6)
Ear, nose and throat symptoms 28 (6)
Neurologic symptoms 12 (3)
Psychological symptoms 7 (2)
Other symptoms 70 (15)

D
ow

nloaded from
 https://academ

ic.oup.com
/jtm

/article/11/3/161/1807824 by U
.S. D

epartm
ent of Justice user on 16 August 2022



1 6 6 Journal of Trave l Medic ine , Volume 11, Number 3

shock.75 Therefore, the virus itself might play an impor-
tant role in disease severity. Dengue virus structural dif-
ferences have been shown to correlate with pathogenesis,76

and epidemiologic studies have provided strong evidence
that there are significant differences in disease severity
between secondary dengue virus infections of American
and Asian origin.77–79 If virus virulence plays an impor-
tant role in the pathogenesis of dengue, and more viru-
lent strains are widespread, this will also have an effect
on dengue morbidity and mortality in travelers.

Several studies have revealed both protective and
pathogenic roles in disease severity for specific HLA class
genetic variations.80,81 There is also some epidemiologic
evidence that there must be genes in black people of
African origin that play a role in restricting the sever-
ity of dengue virus infection.82

Diagnosis and Treatment

A definite diagnosis of dengue virus infection is
established by culturing the virus itself, by detection of
viral DNA by use of PCR, or by serologic methods.
Whereas detection of specific IgM indicates acute infec-
tion, a significant rise of IgG in paired serum samples is
also sufficient for the diagnosis of dengue virus infection.83

A rapid test for the detection of IgM and IgG antibod-
ies is commercially available.84

It is important to consider the limitations of lab-
oratory testing when interpreting the results. Isolation of
virus in tissue culture is only 50% sensitive in acute-phase
samples,and antibody testing might fail at that early stage.3

Thus, convalescent samples need to be taken in order to
obtain a diagnosis. Likewise, cross-reactions with other
flaviviruses might interfere with serologic testing, with
the ELISA method being particularly vulnerable to this.
In particular,vaccinations against yellow fever and Japanese
encephalitis may play a crucial role here, since travelers

to dengue-endemic areas might also receive these vac-
cines before departure. In conclusion,a positive IgG result
in a vaccinated traveler as well as negative IgM results in
the early phase of the disease need to be interpreted with
caution.85

For a diagnosis of “confirmed” dengue, one of the
following criteria is necessary: the virus should be detected
by isolation from serum samples, the dengue virus anti-
gen should be demonstrated by immunohistochemistry
in necropsy tissue, the dengue virus genomic sequences
should be detected by PCR,or an at least four-fold increase
in reciprocal IgG or IgM antibody titers to one or more
dengue virus antigens in paired serum samples should be
detected.18 Samples positive for IgM antibody alone should
only be reported as “probable” dengue infections.

Early in the course of the disease, as described above,
serology is usually not helpful in the diagnosis of dengue.
PCR would be the investigation of choice to detect virus
during the febrile stage,86 but is rarely available, even in
specialized travel clinics.There are some clinical and lab-
oratory indicators of acute dengue illness that might give
some clue earlier in the course of the disease.Travel his-
tory and the above-described clinical symptoms consti-
tute important information. Well-described laboratory
findings are leukopenia, thrombocytopenia, depressed
sodium, and liver function impairment.35,36,54,87 The 
median time of fever cessation is between the fourth and
the sixth day of illness. Around this time, the minimum
platelet count is usually found, and the minimum white
blood cell count is often found 1 or 2 days before. This
is also the time when there is the highest risk that
hematocrit will rise and DHF will manifest. The time
course relationship between the drop in platelet count
and the rapid increase in hematocrit value appears to be
unique to DHF.52 The hematologic changes are thought
to be related to bone marrow suppression by dengue
virus.88 Recently, IgM antiplatelet autoantibodies were

Table 4 Grading of the Severity of Dengue Virus Infection According to WHO Guidelines.57

DF/DHF Gradea Symptoms Laboratory

DF Fever with two or more of the Leukopenia occasionally 
following signs: headache, retroorbital Thrombocytopenia may be present.
pain, myalgia, arthralgia No evidence of plasma loss

DHF I Above signs plus positive tourniquet Thrombocytopenia � 100,000 
test (as the only bleeding disorder) cells/mm3, Hct rise � 20%

DHF II Above signs plus spontaneous bleeding Thrombocytopenia � 100,000 
cells/mm3, Hct rise � 20%

DHF III Above signs plus circulatory failure Thrombocytopenia � 100,000 
(weak pulse, hypotension, restlessness) cells/mm3, Hct rise � 20%

DHF IV Profound shock with undetectable Thrombocytopenia � 100,000 
blood pressure and pulse cells/mm3, Hct rise � 20%

DF, dengue fever; DHF, dengue hemorrhagic fever; Hct, hematocrit.

aDHF Grade III and IV are also called dengue shock syndrome (DSS).
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demonstrated to be present in dengue patients and to
cause platelet lysis.89

A positive tourniquet test is incorporated in the
WHO clinical case definition of DHF. This is a simple
clinical procedure that reflects capillary fragility.However,
the test differentiates poorly between DF and DHF and
seems to be not very specific.57,90

Therapy for DF is symptomatic. For the treatment
of DF, oral rehydration therapy for patients with mod-
erate dehydration caused by vomiting and high tem-
perature is recommended,and paracetamol for fever above
39°C. Aspirin should be avoided, as it can cause 
gastritis and/or bleeding.

The clinical signs plus thrombocytopenia and rise in
hematocrit are sufficient to establish a clinical diagnosis of
DHF (Table 4).Once this diagnosis is established,patients
should be carefully monitored for changes in hematocrit,
thrombocytopenia,vital signs and signs of plasma leakage
and bleeding.The outcome depends on early recognition
of infection and careful monitoring.Early volume replace-
ment when the hematocrit rises sharply as plasma leaks
out can modify severity and prevent shock.91,92

Preventive Measures

An effective, safe and affordable vaccine against
dengue virus is not an immediate prospect.93 Since pre-
existing heterotypic antibodies within the host increase
the risk for DHF and DSS, an effective vaccine will have
to offer nearly 100% protection against all four serotypes
of the virus.94

Attenuated vaccine viruses have been evaluated in
the past in Thailand,and a tetravalent formulation of such
viruses is currently being tested in repeat trials.95,96 With
the lots produced in France, a first clinical trial was also
performed in the US, using monovalent vaccines and a
tetravalent vaccine given in one dose.97 Another approach
consists of the construction of recombinant vaccines,with
chimeric viruses being produced by inserting specific
genes of dengue virus into a vaccine candidate virus.
Through genetic manipulation, these recombinants may
be able to replicate faster, be more immunogenic and be
safer than traditional attenuated strains.98

As long as there is no vaccine commercially avail-
able, the single most effective dengue preventive 
measure for travelers to endemic areas is taking precau-
tions to avoid mosquito bites.

Mosquito repellents, protective (insecticide-
impregnated) clothing and (insecticide-impregnated) bed
nets are simple measures to reduce biting from various
mosquitoes,and therefore also to reduce the risk of acquir-
ing other vector-borne diseases, especially malaria.99–101

However, in contrast to the malaria vector, the pre-
ferred, but by no means exclusive, feeding times of Aedes

spp. are the early morning and the late afternoon.
Dengue vectors are frequently found near or inside
human habitats. Given these factors, the risk of expo-
sure for travelers is highest in urban areas inhabited by
low-income groups and without effective mosquito con-
trol. The risk of acquiring dengue virus infection may
be considerably lower in many preferred travel desti-
nations, such as beaches, hotels with well-kept grounds,
and jungle areas.

Pretravel advice should include information about
the estimated risk of acquiring a dengue virus infection
according to the travel destination, about the symptoms
of dengue and DHF, and about where and when there
is the highest risk of infection. It is always worth remem-
bering that malaria can resemble the clinical features of
dengue and must therefore be excluded first.Personal pro-
tection against mosquito bites is the only effective 
measure for travelers. Homepages of the CDC
(www.cdc.gov) or WHO (http://www.who.int/home-
page) might be useful for finding information concern-
ing personal protection measures against mosquito bites
or the current situation of dengue activity worldwide.

Outlook

The marked increase in the magnitude of the prob-
lems that dengue epidemics and endemics are posing in
tropical areas is reflected in an increasing risk for travel-
ers of acquiring the infection. Serologic techniques pro-
vide tools for screening and confirmation of dengue virus
infection.102 However, there is a considerable lack of data
regarding the actual frequency of this infection in inter-
national travelers. Judging from data derived from the few
available surveys, infection with dengue virus appears to
be a real threat to travelers to Southeast Asia, and, less fre-
quently, to other endemic areas. Symptoms commonly
associated with dengue, such as fever, myalgia, arthralgia
and exanthema, can be helpful for diagnosis when 
present, but the absence of typical symptoms does not
exclude infection.Thus,dengue virus infection should be
considered in all patients who have symptoms compati-
ble with systemic viral infection,and who reside in or have
recently traveled to endemic regions.The significant lack
of knowledge of entomologic and pathogenetic factors
influencing transmission (for example, how long does
viremia last in the asymptomatic traveler,how many trav-
elers return each month with asymptomatic viremia, and
how many carriers of the virus are needed in a given area
to make an epidemic possible?) make risk estimates of sec-
ondary cases of dengue virus infection in industrialized
countries rather unreliable. Therefore, although of para-
mount importance from a public health perspective, the
risk of introduction of the disease to Western countries
by travelers is currently very difficult to calculate.
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