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Abstract 

In recent decades, the incidence, distribution and clinical severity of dengue have increased 
dramatically in most tropical and subtropical areas worldwide. As a consequence, and due to the 
expanding international tourism, health care providers in European travel clinics are more and more 
confronted with dengue, reflecting its global impact. 

Based on data of the European Network on Imported Infectious Disease Surveillance 
(TropNetEurop) and the German Surveillance Network on Imported Infectious Diseases (SIMPID), a 
total of 483 confirmed and probable cases of dengue fever, including 13 cases of dengue 
haemorrhagic fever were reported to the networks’ coordination centre between January 1999 and 
December 2002. There was a wide range of epidemiological and clinical features. Non-European 
travellers (immigrants or foreign visitors) were at 4.3-times higher risk of developing dengue 
haemorrhagic fever compared to European travellers. Infections were acquired in all endemic regions 
of the world, with highest frequencies in South-East Asian countries.  

Persons travelling to areas where dengue is endemic should avoid exposure to mosquitoes, and 
health care providers should consider dengue as a differential diagnosis in febrile travellers returning 
from the tropics after discounting malaria. Surveillance of imported dengue is crucial to monitor the 
risk of infection for travellers and to strengthen clinical awareness of the disease. 
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Introduction 
Dengue viruses are members of the 
Flaviviridae and are usually transmitted by 
the bites of an infected mosquito vector. 
Four groups of serologically distinct dengue 
viruses are currently recognized (DEN-1 to 
4). Generally, man is the primary vertebrate 

host and Aedes mosquito is the primary 
vector of infection(1,2). 

Dengue occurs principally in the 
tropical areas of Asia, Oceania, Africa and 
the Americas. In the past 30 years, there has 
been a dramatic emergence of epidemic 
dengue activity in the tropics worldwide(3,4). 
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An estimated 2.5 billion people are living at 
risk of dengue infection, resulting annually in 
an estimated 50 to 100 million cases of 
dengue fever (DF) and 250,000 to 500,000 
cases of its more severe manifestation, 
dengue haemorrhagic fever (DHF)(5,6). In 
South-East Asia, the mean number of annual 
cases of dengue haemorrhagic fever has 
increased from below 10,000 in the 1950s 
and 1960s to over 200,000 in the 1990s. 
The same pattern is now unfolding in the 
Americas(3,6). At the root of the emergence of 
dengue are changes in human demography 
and behaviour, leading to unchecked 
populations of and increased exposure to the 
principal domestic mosquito vector(7).  

Another factor, which has had a great 
impact on the emergence of DF/DHF, is the 
increased air-travel of humans who are 
incubating the viruses and thus providing 
ideal mechanisms for transporting pathogens 
between population centres of the tropics(3). 
Therefore, travellers not only have the 
potential to acquire a dengue infection, but 
also to spread new and potentially more 
virulent strains to different parts of the world. 
One major factor for the increased air-travel 
is expanding international tourism: in 2002, 
the number of international tourists, for the 
first time in history, exceeded the 700 
million mark. The preliminary statistics of the 
World Tourism Organization showed that in 
that year, more than 130 million 
international tourist arrivals were registered 
in Asia and the Pacific, which many regard 
as the destination of the future, and 120 
million in the Americas(8). Therefore, not 
surprisingly, supported by higher awareness 
of physicians in travel clinics and better 
surveillance systems, reports on dengue 
infections in travellers became more 

frequent(9). Several studies revealed dengue 
as the second most common tropical disease 
after malaria causing fever in returned 
travellers(10,11,12).   

This article reviews the current situation 
– epidemiology, risk and clinical 
manifestations – of dengue in European 
travellers in the setting of the global 
emergence of the disease based on data 
provided by the European Network on 
Imported Infectious Disease Surveillance 
(TropNetEurop) and the German Surveillance 
Network (SIMPID). 

Surveillance of dengue in 
Europe 
Dengue fever is currently not reported in 
most European public health systems. Our 
knowledge about the incidence and risk of 
dengue in travellers is based on a small 
number of systematic studies. 

The European Network on Imported 
Infectious Disease Surveillance 
(TropNetEurop) was founded in 1999 in 
order to detect emerging infections of 
potential regional, national or global impact 
at their point of entry into the European 
population. From the very beginning, 
dengue has been a disease of concern to the 
network. This has recently resulted in a 
publication elsewhere(13). Briefly, 
TropNetEurop is the largest network for the 
surveillance of travel-acquired diseases 
worldwide and currently consists of 47 
clinical member-sites in most West and 
Central European countries(14). Although the 
organization does not guarantee that 
collected data will be representative for 
Europe, most major referral centres of the 
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continent are represented and cover 
approximately 63,000 patients post-travel 
and 220,000 pre-travel advices annually. 
The data on which this article is based were 
collected by single member sites and 
submitted by standardized questionnaires to 
the TropNetEurop coordination centre. The 
present analysis includes cases of dengue 
infections reported from January 1999 
through December 2002. 

For a broader overview, we also 
included data of SIMPID, a similarly 
designed national surveillance network in 
Germany for imported infectious diseases. 
The network is linked to TropNetEurop and 
currently consists of 51 participating member 
sites. Data have been collected within this 
network since May 2001. 

Case reports from both networks name 
the most accurate diagnostic procedure 
applied to derive the diagnosis, which was 
used to distinguish “suspected”, “probable” 
and “confirmed” dengue infections 
according to the WHO classifications(15). For 
a diagnosis of “confirmed” dengue, the virus 
was detected by viral isolation, PCR, or a 
fourfold or greater change in reciprocal IgM 
or IgG antibody titres in paired serum 
samples. The “probable” diagnosis of dengue 
was supported by a single positive IgM 
antibody test on a late acute or 
convalescent-phase serum specimen only. A 
variety of test kits were used by the reporting 
centres, all of which are established and 
widely used assays. “Suspected” cases lacked 
supportive serology, and diagnosis was based 
entirely on clinical features and travel 
history. In the following analysis, only cases 
of confirmed or probable dengue infection 
were included.  

Epidemiology of dengue in 
travellers 

Between January 1999 and December 2002, 
an overall 562 cases with a diagnosis of 
dengue or dengue haemorrhagic fever were 
reported to the TropNetEurop and SIMPID 
coordination centre, of which 483 (86%) 
were assigned either as laboratory-confirmed 
(n=411) or as probable (n=72). The total 
number of the annually reported dengue 
cases in these two networks increased from 
39 cases in 1999 to 208 cases in 2002. 
However, the increase has to be attributed 
primarily to the increased number of 
reporting sites of the networks rather than to 
an increased incidence of dengue infections 
in travellers. 

Figure 1 shows the frequencies of 
dengue cases reported per month between 
January 1999 and December 2002. Besides 
the increase of total numbers of dengue 
cases, we noted a peak of 38 cases in April 
2002. During this month, 70% of all cases 
were imported from Thailand. 

Travel history within two weeks before 
illness was available in most of the patients. 
Figure 2 and Table 1 demonstrate 
frequencies and percentages of imported 
dengue cases per country or region where 
the infection had been acquired. A high 
percentage of dengue cases (45%) was 
acquired by patients who travelled to 
countries in South-East Asia, 91 cases (19%) 
were imported from the South and Central 
America, 77 cases (16%) from the Indian 
subcontinent, 56 cases (12%) from the 
Caribbean and 38 cases (8%) from Africa.  
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Figure 1. Dengue-infections reported within the networks of TropNetEurop 
and SIMPID between January 1999 and December 2002 (n = 483)
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Figure 2. Countries in which travellers acquired dengue infection by percentage  
of total (n = 465) reported cases 
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Table 1. Frequencies of travel-acquired 
dengue infections by region of travelling  

(n = 481) 

Region of infection 
No. of  

patients (%) 

Africa 38 (8) 

South/Central America  91 (19) 

The Caribbean 56 (12) 

Indian subcontinent 77 (16) 

South-East Asia and 
Oceania 

219 (45) 

This distribution mainly reflects the 
global dengue activity which is known to be 
the highest in South-East Asia, followed by 
the Americas and the Caribbean islands. The 
surveillance for dengue in Africa is poor. 
Therefore, the fact that 8% of all dengue 
infections are reported in travellers returning 
from Africa underlines the need that dengue 
should also be included as a differential 
diagnosis for fever in travellers returning from 
this continent. 

Furthermore, this distribution also 
reflects the popularity of the countries as a 
tourist destination. Thailand, Viet Nam and 
Indonesia are not only high-endemic areas of 
dengue viruses, but also the countries with 
an expanding tourism sector. Thailand alone 
was responsible for 134 cases (28%) of all 
travel-acquired dengue infections over the 
past four years in our networks. In contrast, 
the surprising decrease of reported dengue 
infections in travellers returning from India 
(from 18% in 2001 to 4% in 2002) might 
reflect, in addition to other factors (such as 
low epidemicity), its decreased popularity as 
a tourist destination, as there was a 6.6% 
decrease in international tourist arrivals 
reported by the World Tourism Organization 
for India in 2002(8). 

Overall, many confounding factors will 
have an influence on the epidemiology of 
travel-acquired dengue: activity and possibly 
variations in the virulence of dengue viruses, 
vector activity, both related and seasonally 
distributed with an irregular occurrence of 
outbreaks on one side and the activity of 
travelling on the other. 

Only few data are available in literature 
about the risk in travellers to acquire dengue 
infection. Several research groups have 
studied the rates of dengue infections in 
travellers, but most of them focused on 
febrile patients presenting with symptoms at 
a clinical site. A retrospective study 
performed among a small cohort of Swiss 
travellers with fever showed a surprisingly 
high prevalence (8%) of antibodies to 
dengue virus(16). A prospective study 
performed in 130 returned febrile German 
travellers revealed rising dengue antibodies 
in 6.9% (17). Among the 335 febrile travellers 
presenting at a different German travel clinic, 
13 (3.9%) cases of DF were laboratory-
confirmed(12). 

Incidence rates might change in cases 
of outbreaks: An extensively high attack rate 
of 69% during a dengue virus outbreak 
among a group of young short-term 
community aid workers was reported in a 
Caribbean island with no documented 
asymptomatic infection(18). 

Of great interest were two prospective 
studies performed in travellers by collecting 
serum samples before and after travel. One 
study was performed in 104 long-term 
travellers from Israel to various dengue 
endemic countries which revealed a dengue 
seroconversion in 6.7% of all travellers with a 
median of 5.3 months stay abroad, and three 
out of seven infections were 
asymptomatic(19). The other study was 
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performed in Dutch short-term travellers 
with destinations to endemic areas in Asia 
and demonstrated an incidence rate of 
30/1,000 person-month. The clinical-to-
subclinical infection ratio was 1:3.3(20). 

All results showed that dengue infection 
is a realistic threat not limited only to long-
term travellers to South-East Asia. In 
outbreaks, high attack rates might occur, 
with variable clinical to 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) in the disease 
severity. Two prospective studies on dengue 
seroconversion in travellers showed that a 
high percentage of infections might occur 
asymptomatically, a phenomenon that has 
been described in immune and non-immune 
populations − both adults and children − in 
Thailand and during outbreaks in Cuba(21,22). 
Furthermore, in a certain percentage of 
travellers, the course of the disease will 
occur entirely during the stay in the endemic 
country, since the incubation period for 
dengue infection is relatively short (typically 
5 to 7 days) and the disease is self-limiting 
(typically after 4 to 6 days), and will 
therefore not be reported to health 
authorities at home(23,24). Thus, only the tip of 
the iceberg is reported, making dengue 
infection one of the most under-reported 
tropical diseases in travellers. 

Patients’ characteristics 

The vast majority of the 483 laboratory-
confirmed or probable dengue cases 
reported to TropNetEurop and SIMPID were 
Europeans living in Europe (87%). Only 31 
infections (6.4%) were reported in 
immigrants, and 14 cases (2.9%) in foreign 
visitors. The major purpose of travel for 

Europeans was tourism (82%), followed by 
business (5%) and missionary work (4%). 
Immigrants were mostly infected during visits 
to their former home country (74%). 

The median age in our population was 
32 years (range 1–69 years). Males were 
slightly more frequently affected with a male 
to female ratio of 1.2:1. 

The median duration of travel, during 
which subjects acquired the dengue 
infection, decreased from 38 days (range 
10–880 days) in 1999 to 23 days (range 3–
1,825 days) in 2002. 

Since our data were passively collected 
in symptomatic patients who presented at 
one of the networks’ clinical member sites, 
we are not able to extrapolate any particular 
risk factors to acquire dengue infection 
during travel, but travel destination as well as 
duration of travel tend to be associated with 
risk. 

One of the two above-mentioned 
prospective studies on seroconversion was 
not able to show any association of 
developing dengue-like illness with age, sex, 
travel destination and season, but subjects 
were only included when travelling to 
Asia(20). The other study performed among 
long-term Israeli travellers revealed a trend of 
higher risk when travelling to South-East 
Asia, and during the summer season(19). 

Clinical manifestations 

Dengue virus infection may be asymptomatic 
as described above or may lead to 
undifferentiated febrile illness (viral 
syndrome), dengue fever (DF), or dengue 
haemorrhagic fever (DHF) with or without 
shock, depending largely on age and 
immunological conditions(25,26).  
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Generally, dengue haemorrhagic fever 
occurs rarely in travellers, but several cases 
have been reported(27,28,29,30). In our 
population, 470 cases were reported as 
classical dengue fever and 13 as dengue 
haemorrhagic fever (incidence rate of DHF-
cases/100 dengue infections: 2.7). Out of 
465 travellers with dengue infection, 421 
(91%) were reported to have fever, 63% 
suffered from headache, 52% from muscle 
or joint pain, 42% from fatigue, 23% 
complained of diarrhoea, and 34% 
developed a macular or a maculopapular 
rash (Table 2). The presented clinical 
manifestations refer mainly to Caucasian 
adults with DF and therefore differ in several 
aspects from that in children in endemic 
countries with DF or DHF(5). 

Table 2. Signs and symptoms of travel-
acquired dengue infections in 465 Europeans 

and immigrants (multiple entries possible) 

Symptom 
No. of patients 

(%) 

Fever 421 (91) 

Headache 295 (63) 

Myalgia or arthralgia 241 (52) 

Fatigue 197 (42) 

Rash 158 (34) 

Diarrhoea 106 (23) 

Vomiting 55 (12) 

Lymphadenopathy 31 (7) 

Respiratory symptoms 29 (6) 

ENT symptoms 28 (6) 

Neurological symptoms 12 (3) 

Psychological symptoms 7 (2) 

Other symptoms 70 (15) 

In our network, it is optional to report 
clinical details of complications associated 
with the notified disease. Therefore, only 
limited data on this issue were available. 
Interestingly, there were two reports on 
dengue infection associated with ocular 
involvement, one resulting in prolonged 
visual impairment(31).  

In eight cases, the subjects were 
reported to have dengue infection with 
hepatic involvement (reported as hepatitis or 
highly elevated liver enzymes). Most 
certainly, this manifestation is by far 
underreported, since liver function 
abnormalities seem to be quite common in 
dengue with aspartate aminotranferase (AST) 
higher than alanine aminotransferase (ALT). 
In a study of 275 patients with classical 
dengue fever in Taiwan, it was found that 
liver enzymes were increased in 93% of the 
cases, in 11% the elevation was tenfold or 
higher(32). Other studies reported that the 
severity of liver involvement seems to be 
associated with disease severity(33,34). In a 
series of 18 Israeli travellers with dengue, all 
had liver-function abnormalities(35). 

In our population, the disease severity 
in most cases was mild to moderate. The 
majority of patients were treated as 
outpatients (n=355, 74%), while 125 (26%) 
were hospitalized due to an aggravation of 
clinical symptoms.  

Dengue haemorrhagic fever and 
fatality in travellers 

The pathogenesis of DHF is poorly 
understood, and several hypotheses have 
emerged to explain why DHF occurs in 
some individuals who are infected with 
dengue virus. The observations that classical 
dengue fever without complications occurs 
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in non-indigenous foreigners while 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 immunological 
explanation for these phenomena: the so-
called antibody-dependent enhancement 
theory(36,37,38,39,40,41).  

Interestingly, from a traveller’s point of 
view, cross-reactive heterotypic immunity has 
been reported to last between two and 12 
months(42). In infants, the dual role of maternal 
dengue antibodies has been demonstrated in 
vivo and in vitro: in the first six months, they 
protect infants from dengue infection, but at 
7-8 months they cause a period of greatest 
risk to acquire DHF/DSS because of 
enhancing antibodies. Beyond this critical 
two-month period, further IgG degradation 
results in a decrease of infection-enhancing 
antibodies(39). This observation would explain 
why DHF is rare in travellers. 

However, a few cases of DHF have also 
been described in patients with primary 
dengue infection(27,30,43,44), as well as the 
absence of DHF despite hyperendemic 
dengue virus transmission(45,46). Therefore, 
other hypotheses suggest that DHF/DSS 
results from infection by a more virulent 
serotype or strains within serotypes of the 
virus(41,47,48). A third theory proposes cross-
reactive T cells to cause tissue damage and 
cytokine secretion(49). 

Over a period of four years, 13 cases of 
DHF have been reported to our networks 
(2.7% of all dengue infections). Interestingly, 
the history of travel revealed that the 
infection was acquired in all endemic 
regions: seven in South-East Asia, two in 
Central America, two in South America, one 
on the Indian subcontinent, and one in 
Central Africa. 

While nine cases of DHF were found in 
a total of 437 travellers of European origin 
(2%), four cases of DHF occurred in a total 
of 45 foreign visitors or immigrants (9%). 
Therefore, in our population, immigrants or 
foreign visitors were 4.3 times at higher risk 
to present with manifestations of dengue 
haemorrhagic fever when compared with 
European travellers (95% CI: 1.4–13.5, p-
value 0.025). The median travel duration in 
patients with DHF was 29 days and was not 
significantly longer compared with patients 
who developed DF (26 days, p-value 0.38). 

No deaths occurred among the 483 
reported patients. Since TropNetEurop is 
also used as a platform for information 
exchange and discussions by the e-mail 
system, three fatal cases of dengue in Europe 
have been reported to the network from 
sources outside its immediate membership. 
The first one occurred in 1997 in the United 
Kingdom and was not published. The other 
two patients died of DHF in 2002: a 
Bangladeshi immigrant living in the United 
Kingdom who returned after visiting his 
homeland(30), and a young Finnish journalist 
travelling in South-East Asia (publication in 
progress). 

Conclusion 
Even though there is considerable lack of 
data regarding the actual frequency of 
dengue infection in international travellers, 
increasing reports of travel-acquired dengue 
and first fatal cases indicate that dengue 
infection is a real threat also to travellers(50). 
The dramatic increase in the number of 
international travellers to tropical countries 
and the increased incidence of dengue fever 
and dengue haemorrhagic fever as well as 
epidemics of both are two major factors 
responsible for the increased risk to 
travellers. The shift in age distribution 
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towards elderly patients in DHF populations 
of South-East Asia(51,52) and increasing reports 
on unusual clinical manifestations(53,54,55,56,57) 
may reflect variations in the virulence of 
dengue viruses and will, therefore, also have 
an impact on the course of travel-acquired 
dengue.   

The development of a live attenuated 
tetravalent dengue vaccine is currently the 
best strategy to obtain a vaccine against 
dengue viruses(58,59,60). Vaccine trials with 
several candidates are under way, but the 
necessity of a durable protective immunity to 
all four serotypes is posing a difficult 
challenge to researchers. 

As long as a vaccine is commercially not 
available, the single most effective measure 
of dengue prevention for travellers is to 
avoid mosquito bites by using insect 
repellents and protective clothes. Aedes 
mosquitoes are most active in early mornings 
and late afternoons. 

Health care providers should consider 
dengue in the differential diagnosis for 
patients recently returned from endemic 
areas. Serological techniques provide the 
tools for screening and confirming the 
diagnosis, but seroconversion occurs most 
often after the cessation of clinical 
symptoms; thus, negative IgM results during 
the first week of the illness period are 

inconclusive. Pre-vaccinations in travellers 
against Japanese encephalitis and yellow 
fever might decrease the specificity of the 
IgG assays(12,41,61,62).   
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