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Abstract

Background—Dengue is a leading cause of febrile illness among international travelers. We
aimed to describe the epidemiology and clinical characteristics of imported dengue in returning
travelers evaluated at GeoSentinel sites from 2007-2022.

Methods—We retrieved GeoSentinel records of dengue among travelers residing in non-endemic
countries. We considered dengue confirmed when diagnosed by a positive DENV-specific RT-
PCR, positive NS-1 antigen, and/or anti-DENV 1gG seroconversion, and probable when diagnosed
by single anti-DENV IgM or high titer anti-DENV IgG detection. Severe dengue was defined as
evidence of clinically significant plasma leakage or bleeding, organ failure, or shock, according to
the 2009 WHO guidance. Complicated dengue was defined as either severe dengue or dengue with
presence of any warning sign. Analyses were descriptive.
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Results—This analysis included 5,958 travelers with confirmed (n=4,859; 81.6%) or probable
(n=1,099; 18.4%) dengue. The median age was 33 years (range: <1-91); 3,007 (50.5%) travelers
were female. The median travel duration was 21 days (interquartile range [IQR]: 15-32). The
median time between illness onset and GeoSentinel site visit was 7 days (IQR: 4-15). The

most frequent reasons for travel were tourism (67.3%), visiting friends or relatives (12.2%), and
business (11.0%). The most frequent regions of acquisition were Southeast Asia (50.4%), South-
Central Asia (14.9%), the Caribbean (10.9%), and South America (9.2%). Ninety-five (1.6%)
travelers had complicated dengue, of whom 27 (0.5%) had severe dengue, and one died. Of 2,710
travelers with data available, 724 (26.7%) were hospitalized. The largest number of cases (n=835)
was reported in 2019.

Conclusions—A broad range of international travelers should be aware of the risk of acquiring
dengue and receive appropriate pretravel counselling regarding preventive measures. Prospective
cohort studies are needed to further elucidate dengue risk by destination and over time, as well as
severe outcomes and prolonged morbidity (long-dengue) due to travel-related dengue.

Introduction

Dengue is endemic in most tropical and subtropical countries, many of which are popular
travel destinations.! Globally, reported dengue cases among ill international travelers have
increased over the past two decades.2~® This is part of a dynamic of global increase in the
burden of dengue that is expected to continue in the decades to come under the combined
influence of climate change, urbanization, and international connectivity.6.” For example,
climate change has contributed to an increase in populations at risk of dengue through
extension of the distribution of the mosquito vectors Aedes aegyptiand A. albopictus

to new areas.’9 Rising temperatures are also expected to enhance the vectorial capacity

of A. albopictus in temperate zones where it is already established and to favor the
circulation of dengue in higher altitude areas that were previously spared.1%.11 Nevertheless,
human mobility, including international travel, is a major driver in the spread of dengue
virus (DENV) and its role should not be underestimated.12 DENV-infected travelers may
introduce the virus into new geographic locations and, if suitable vectors are present

and local conditions are conducive to transmission, promote circulation of dengue in
previously non-endemic areas.813:14 Travelers with dengue may provide valuable insights
into ongoing outbreaks and epidemiology of dengue in endemic areas.1>18 Several studies
have investigated dengue in international travelers.1417-25 However, most studies are limited
to travelers from a single region,18:21.22 or have limited sample size.>17:18.22-25 Documented
risk factors for dengue acquisition in international travelers include travel destination, season
of travel, duration of travel, and activities during travel.2:15.19.20.26 Dengue accounts for up
to 20% of acute undifferentiated febrile illnesses in returning travelers.2” In those returning
with fever from Southeast Asia,?”-28 the Americas,2’+29 or the Western Pacific,2’ dengue is

a more frequent cause of travel-related febrile illness than malaria. Dengue was the most
frequently diagnosed febrile illness in travelers at the United Kingdom’s Rare & Imported
Pathogens Laboratory (RIPL) for the period 2015-2020.30 Dengue is also among the top
diagnoses in travelers who receive unplanned healthcare abroad.3! It may also result in
hospitalization among travelers returning to non-endemic countries; approximately 40%

of international travelers diagnosed with dengue after returning to the United States have

J Travel Med. Author manuscript; available in PMC 2024 October 25.
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been hospitalized.14 A prospective health economics analysis found that travelers with
laboratory-confirmed dengue also incurred important direct and indirect costs because of
dengue-related illness.25:32

The objective of this analysis was to describe epidemiological and clinical characteristics
among returned international travelers diagnosed with dengue at GeoSentinel sites over a
15-year period.

GeoSentinel is a global sentinel surveillance and research network that monitors infectious
diseases and other adverse health events that may affect international travelers and
migrants.33 It is a collaboration between the US Centers for Disease Control and Prevention
(CDC) and the International Society of Travel Medicine. The Network currently consists of
71 specialized travel and tropical medicine sites in 29 countries. Data collected include
demographic information (e.g., age, sex), travel characteristics (e.g., reason for travel,
travel duration), exposure details (e.g., country and region of exposure), clinical details
(e.g., symptoms, illness onset date, hospitalization), and diagnostic methods. Recording of
symptoms began in October 2015; analysis of symptom data was therefore restricted to
patient records included from that time onwards.

Inclusion Criteria

Definitions

All records with an international travel-related diagnosis of dengue from January 1, 2007,

to May 31, 2022, were included. Records were excluded if the traveler lived in a dengue-
endemic country, as we were unable to determine if dengue was acquired during travel or in
the country of residence. Travelers were also excluded if multiple acute infectious diagnoses
were recorded, and we could not determine where dengue was acquired. This occurred prior
to November 15, 2018, when data capture methods did not allow separate entry of exposure
variables in instances where multiple infectious disease diagnoses were entered.

Dengue cases in GeoSentinel—Dengue fever was defined as a compatible clinical
illness (e.g., fever, rash, headaches, myalgia, arthralgia) with appropriate exposure history,
no evidence of complications, and with laboratory testing as defined below. Complicated
dengue was defined as dengue with either: i) criteria for severe dengue, namely clinically
significant plasma leakage or bleeding, organ failure, or shock (/.e., adapted from criteria for
severe dengue per 2009 WHO guidelines); or ii) warning signs only (/.e., per 2009 WHO
guidelines: abdominal pain, persistent vomiting, fluid accumulation, mucosal bleeding,
lethargy, liver enlargement, increasing hematocrit with decreasing platelets).3# Cases of
severe dengue were identified among complicated dengue cases based on supplemental data
collection, as described elsewhere.3® Confirmed dengue was defined as having at least one
of the following: detection of DENV nucleic acid by reverse transcriptase polymerase chain
reaction (RT-PCR), detection of NS-1 antigen, or seroconversion (defined as a 4-fold rise

in anti-DENV immunoglobulin (1g)G titers). A probable case of dengue was defined as a
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compatible clinical illness and appropriate exposure history with either a single positive
anti-DENV IgM or high positive anti-DENV 1gG. Accurate entry of diagnostic methods for
dengue records was verified by a medical epidemiologist (K.A.).

All analyses were descriptive. Data were managed with Microsoft Access (Redmond, WA,
USA) and analysed using SAS Version 9.4 (Cary, North Carolina, USA) and R v4-1-1
(Vienna, Austria). The denominator for each frequency calculation was the number of
patients with available data.

Ethics statement

Results

GeoSentinel’s data collection protocol has been reviewed by a human subjects advisor at
CDC'’s National Center for Emerging and Zoonotic Infectious Diseases and is classified

as public health surveillance and not human subjects research. Additional ethics clearances
were obtained by sites as required by their respective institutions and local regulations.

This analysis included 5,958 travelers with confirmed (n=4,859; 81.6%) or probable
(n=1,099; 18.4%) dengue. The median age was 33 years (range <1-91); 3,007 (50.5%)
of 5,950 travelers with information available were female (Table 1).

The median travel duration was 21 days (interquartile range [IQR]: 15-32), and the median
time between illness onset and GeoSentinel site visit was 7 days (IQR: 4-15). The most
frequent reasons for travel were tourism (n=4,009; 67.3%), visiting friends and relatives
(VFR) (n=725; 12.2%), and business (n=656; 11.0%). Of 5,802 travelers with information
available, 2,370 (40.8%) had a pretravel consultation (Table 1).

The most frequent regions of dengue exposure were Southeast Asia (n= 2,946; 50.4%),
South-Central Asia (n=872; 14.9%), the Caribbean (n= 635; 10.9%), and South America
(n=538; 9.2%). Among 5,586 travelers with information on destination of exposure,

most were exposed in Thailand (h= 1,231; 22.0%), Indonesia (n= 635; 11.4%), or India
(n=506; 9.1%). All destinations of exposure are shown in Appendix 1. Some travelers
acquired dengue in destinations considered non-endemic (e.g., United States, France, Spain,
Portugal).

Ninety-five (1.6%) travelers had complicated dengue, of whom 27 (0.5%) had severe
dengue, and one died. The clinical characteristics of those severe dengue cases (n=27) have
been described previously.3® Their epidemiological characteristics are further described in
Appendix 2. Among 2,710 travelers with available data regarding the highest level of care
received, 1,968 (72.6%) were outpatients, 724 (26.7%) were inpatients, and 18 (0.7%) had
been admitted to an intensive care unit.

Symptom data were available for 3,051 (51.2%) travelers (from October 2015 onwards).
Fever (n=2,657, 87%), headache (n=1,135, 37%), myalgia (n=1,105, 36%), fatigue

J Travel Med. Author manuscript; available in PMC 2024 October 25.
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(n=1,053, 35%), and rash (n=885, 29%) were the five more frequently reported symptoms
(Table 2). Abdominal pain was present in one third of complicated cases.

The annual numbers of dengue cases varied by year; the number of sites reporting dengue
cases also varied (Figure 1). In 2020 (n=225), and in 2021 (n=77), the number of reported
dengue cases dropped dramatically following reductions in global travel volume during the
COVID-19 pandemic.

Discussion

This is the largest analysis of international travel-related dengue to date. Travelers
with dengue reported globally were characterized by their epidemiology and clinical
characteristics using data collected by the GeoSentinel Network.

Peak reporting years in this analysis (2010, 2013, 2015, 2016, and 2019) corresponded to
years with the highest number of dengue cases reported globally to WHO.36 Of note, 2016
and 2019 also corresponded to years with the highest number of travel-associated dengue
cases imported into the United States.14 Globally, the number of symptomatic dengue cases
and the number of dengue-related deaths are estimated to have increased between 1990 and
2019 from 31 to 57 million, and from 28,000 to 36,000, respectively.! Reports of dengue
cases (including outbreaks) reflected among international travelers are driven by multiple
factors, including population growth, urbanization, and air travel.” Numbers of dengue cases
reported through the Network declined in 2020 and 2021, corresponding to the start of the
COVID-19 pandemic. While reductions in international travel volume may partly explain
this drop, other factors likely contributed. A recent modeling study highlighted the strong
association between the decline of dengue incidence in highly endemic areas of southeast
Asia and Latin America and the public health and social measures aimed at tackling SARS-
CoV-2 transmission.3’ In 2022, a large number of dengue cases reported to the GeoSentinel
Network were imported to Europe from Cuba, reflecting an ongoing local outbreak.18 In
this analysis, over two-thirds of travelers with dengue traveled for tourism, but all travel
types were represented. This indicates that all types of travelers to endemic areas should be
concerned about acquiring dengue and take appropriate mitigation measures to minimize the
risk of acquiring the virus. Dengue was reported from almost all continents; two-thirds of
infections were acquired in Asia, with more than half imported from Southeast Asia. This

is consistent with previous studies on dengue in international travelers,3-51530 and likely a
reflection of the burden of disease present in these areas and also the number of international
travelers to these destinations. Other regions saw changes in the number of cases reported
over time, but it is unclear if this is a true reflection of travel-related dengue epidemiology or
if it is attributable to reporting patterns from GeoSentinel sites.

Severe dengue in travelers is rare.38 The proportion of travelers with severe dengue was
0.5% in our sample. A recent Spanish retrospective study on imported arboviral diseases
reported six (1.3%) patients with severe dengue among 456 with confirmed dengue
monoinfection.3® A similar study conducted in Israel reported four (1.6%) severe dengue
among 245 dengue cases. 40 Recently published US data reported 1-2% of dengue cases to
be severe.1 Although dengue is a benign and self-limiting disease in most travelers, it can

J Travel Med. Author manuscript; available in PMC 2024 October 25.
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nevertheless lead to significant healthcare consumption and costs, as illustrated by a recently
published cost analysis ancillary to the GeoSentinel’s CHIDEZIMA cohort study.25:32:41
Dengue is also a frequent cause of healthcare seeking during travel.31 While the risk

of prolonged morbidity following dengue fever (long-dengue), including chronic fatigue,
and its contribution to the global burden of the disease remains underexplored,*2 some
investigations are underway to estimate its prevalence.*! Further studies are still needed to
elucidate the specifics of travel-related dengue clinical care as well as its long-term effects
and contribution to the travel-related dengue burden.

All cases of dengue included in this analysis were imported to non-endemic countries.

From a public health perspective, an important consequence of dengue importation

into non-endemic countries by viremic travelers is the risk of secondary autochthonous
transmission.8-1443.44 This risk is not negligible in temperate areas where Aedes albopictus
is already present. Because DENV infection is asymptomatic in around 60% of cases,*3:45
the potential for secondary autochthonous transmission by viremic returning travelers is
probably underestimated. In recent years, autochthonous dengue cases or outbreaks occurred
sporadically in several southern European countries,*6-20 in Japan,*3 and in the United
States.1444.51-53 |n mainland France, where both the caseload and the geographic extension
of autochthonous DENYV transmission have increased, 65 cases of dengue occurred in 2022
that could be traced back to 9 transmission events,*” and a cluster also occurred in the Paris
region in 2023.49:50 The increasingly frequent occurrence of imported dengue cases in non-
endemic areas represents a diagnostic challenge for frontline healthcare professionals who
are unfamiliar with the disease.4:52-54 The increasing frequency of autochthonous cases

in non-endemic areas may also present a diagnostic challenge to experienced specialists
(e.g., infectious disease or travel medicine specialists) because the index of suspicion is
typically based on a patient’s having been present in an endemic area. Importantly, the risk
of autochthonous transmission will likely increase in the future due to the change in climatic
conditions that will favor the establishment of more efficient dengue vector populations,
such as A. aeqypti810-12 or enhance the transmission capacity of A. albopictus.1° Clinician
education aimed at increasing the index of suspicion for both imported cases and the
possibility of autochthonous transmission of dengue should be considered. Regarding the
latter, besides vectorial transmission, the possible occurrence of dengue cases transmitted
from infected blood and organ donors represents an additional risk that call for appropriate
mitigation strategies.

Preventing DENV importation to non-endemic areas is challenging, not only from an
individual health and economic perspective but also in terms of public health.1:25:55 |n
travelers, personal protective measures such as the use of long clothing and mosquito
repellents limit the risk of DENV infection and constitute the basis of prevention. However,
the effectiveness of such strategies is limited by a low awareness of travelers to dengue-
endemic countries regarding the risk of contracting the disease as well as low adherence to
appropriate protective measures.5® Receipt of pretravel advice by and counselling towards
at-risk travelers remain suboptimal, demonstrated in this analysis where just over 40% of
travelers saw a healthcare professional before travel. Current preventive measures could
be supplemented by tetravalent dengue vaccines. In fact, a recent assessment of travel-
related risks based on monthly incidence rates has ranked dengue among high-priority
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vaccines considered for international travel >’ Yet, vaccination-based strategies in travelers
are currently compromised by three important barriers: i) the lack of availability of short
schemes adapted to immediate pre-travel immunization; ii) the suboptimal safety and/or
efficacy profile of existing dengue vaccines in seronegative subjects, which is the situation of
the vast majority of travelers residing in non-endemic countries, and iii) the lack of data for
those aged over 60 years.?8-2 Moreover, vaccinating at-risk travelers may not be sufficient
to prevent DENV introduction in non-endemic countries, depending on vaccine affordability,
uptake, and capacity to suppress viremia in people exposed to various DENV serotypes.

Our analysis has several limitations. Regarding case detection, we only captured data from
travelers who sought care at a GeoSentinel site, so this analysis is not representative of all
travelers with dengue. Moreover, GeoSentinel does not collect data on travelers who are not
ill. For all these reasons, this large convenience sample cannot be used to calculate risk or
incidence. Before 2015, we did not capture dengue diagnostic methods in the GeoSentinel
database, and cases were classified as laboratory-confirmed or probable by the clinicians.
Therefore, the accuracy of the diagnosis prior to 2015 could not be verified. Also, the
probable case definition included a high positive IgG titer, but this may not necessarily
indicate a recent DENV infection and may represent a recent infection with or vaccination
against a related flavivirus; “high” was also not quantified in the definition and was at the
discretion of the treating clinician. Concerning the description of the disease course, the
time to presentation to Network sites may be prolonged since sites may serve as travel and
tropical medicine referral centers. In addition, the duration of symptoms is not captured.
Lastly, symptoms data were subject to the discretion of the reporting clinician and may have
included symptoms and signs that were present during the evaluation, and warning signs
that had resolved at the time of evaluation. Recall or reporting biases can therefore not be
excluded. Data on differentiating primary versus secondary dengue were also not captured.

A broad range of international travelers are at increasing risk of acquiring dengue and
should be aware of that risk. Counselling regarding appropriate personal protective measures
remains the cornerstone of dengue prevention. Dengue vaccine could represent a promising
prevention tool, but questions remain regarding its application to the prevention of travel-
related dengue. Prospective cohort studies are needed to further elucidate dengue risk by
destination, by serotype/genotype, and over time, as well as serious outcomes and prolonged
morbidity (long-dengue) due to travel-related dengue.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. International travel-related dengue cases reported by year, GeoSentinel Network,
January 1, 2007-May 31, 2022 (N=5,958)

The bars (left axis) represent the number of dengue cases reported by GeoSentinel sites, by
year. The curve (right axis) represents the number of sites reporting at least one dengue case

in that particular year.

J Travel Med. Author manuscript; available in PMC 2024 October 25.

70

60

50

40

30

20

10

GeoSentinel sites reporting dengue



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Duvignaud et al.

Table 1.

Page 15

Epidemiological, demographic, and travel characteristics in international travelers with dengue, GeoSentinel

Network, January 1, 2007-May 31, 2022

Characteristic N n (%)
Dengue cases 5,958

- Uncomplicated 5,863 (98.4)

- Complicated 95 (1.6)
Female 5,950 | 3,007 (50.5)
Age, years 5,931
Median 33 (range 0-91)
<18 243 (4.1)
18-24 986 (16.6)
25-49 3,518 (59.3)
>50 1,184 (20.0)
Days from illness onset to GeoSentinel visit 3,524
Median 7 (IQR: 4-15)
Duration of Travel, days * 4,035
Median 21 (IQR: 15-32)
Clinical setting 5,950

- Seen after travel 5,276 (88.7)

- Seen during travel 674 (11.3)
Region of exposure > 5,851

- South East Asia 2,946 (50.4)

- South Central Asia 872 (14.9)

- Caribbean 635 (10.9)

- South America 538 (9.2)

- Sub-Saharan Africa 389 (6.7)

- Central America 337 (5.8)

- Oceania (except Australia and New Zealand) 91 (1.6)

- North East Asia 19 (0.3)

- Other ™ 24.(0.4)
Reason for travel 5,958

- Tourism 4,009 (67.3)

- Visiting Friends or Relatives 725 (12.2)

- Business 656 (11.0)

- Missionary/Volunteer/Researcher/Aid Work 336 (5.6)

- Education/Study Abroad 101 (1.7)

- Migration 99 (1.7)

- Other ™ 32(09)
Pretravel visit 5,802
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Characteristic n (%)
- Yes 2,087 (36.0)
-No 2,370 (40.8)
- Don’t Know/Unknown/Not Applicable 1,345 (23.2)

*
Those who went to one destination only.

IQR= interquartile range

Aok

Region of exposure was not ascertainable for 44 and missing for 63.

Aok

Western Europe (n=8); Middle East (n=5); North Africa (n=5); North America (n=3); Australia/New Zealand (n=2); French territories of the

Scattered Islands in the Indian Ocean (n=1).

Hok kA

Military (n=14); Not ascertainable (n=12); Planned medical care (n=6).
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Table 2.

Symptoms among travelers with uncomplicated or complicated dengue, reported to the GeoSentinel Network,
January 1, 2015- May 31, 2022

Symptom Uncomplicated dengue (%) (N=2,999 travelers) | Complicated dengue (%) (N=52 travelers)

Fever/sweat/chills 2,608 (87.0) 49 (94.2)

Headache 1,117 (37.2) 18 (34.6)

Myalgia 1,084 (36.1) 21 (40.4)

Fatigue 1,034 (34.5) 19 (36.5)

Rash 866 (28.9) 19 (36.5)

Arthralgia 637 (21.2) 12 (23.1)

Acute diarrhea 421 (14.0) 10 (19.2)

Nausea 399 (13.3) 12 (23.1)

Abdominal pain/discomfort | 282 (9.4) 17 (32.7)

Vomiting 239 (8.0) 8 (15.4)

Cough 167 (5.6) 4(7.7)

*
Only symptoms with frequencies >5% are shown.
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